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ABSTRACT

Based on a Policy Statement on Severe Accidents, the
licensee of each nuclear power plant is requested to per-
form an individual plant examination. The plant examina-
tion systematically looks for vulnerabilities to severe acci-
dents and cost-effective safety improvements that reduce
or eliminate the important vulnerabilities. This document

presents guidance for performing and reporting the re-
sults of the individual plant examination of external
events (IPEEE). The guidance for reporting the results of
the individual plant examination of internal events (IPE)
is presented in NUREG-1335.
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EXECUTIVE SUMMARY

Background

In the Commission policy statement on severe accidents
in nuclear power plants issued on August 8, 1985, the
Commission concluded, based on available information,
that existing plants pose no undue risk to the public
health and safety and that there is no present basis for
immediate action on any regulatory requirements for
these plants. However, the Commission recognized,
based on NRC and industry experience with plant-
specific probabilistic risk assessments (PRAs), that sys-
tematic examinations are beneficial in identifying plant-
specific vulnerabilities to severe accidents that could be
fixed with low-cost improvements. As part of the imple-
mentation of the Severe Accident Policy, the Commission
issued Generic Letter 88-20 on November 23, 1988, re-
questing that each licensee conduct an individual plant
examination (IPE) for internally initiated events includ-
ing internal flooding.

Many PR As indicate that, in some instances, the risk from
external events could contribute significantly to core
damage. However, the examination for externally initi-
ated events is proceeding on a later schedule to allow the
staff to carry out additional work to (1) identify which
external hazards need a systematic examination, (2) iden-
tify acceptable examination methods and develop proce-
dural and submittal guidance, and (3) coordinate the indi-
vidual plant examination of external events (IPEEE) with
other ongoing external event programs. In December
1987, an External Events Steering Group (EESG) was
established to make recommendations regarding the
scope, methods, and coordination of the IPEEE. The
EESG completed its task in May 1990. Based on the
EESG recommendations, the staff prepared this report
to provide detailed guidance to the licensees on the con-
duct of the IPEEE and on the structure and content of the
IPEEE submittal. The staff issued a draft of this report
for public comment in July 1990. It held a workshop in
September 1990 to explain the IPEEE process and to
obtain specific comments and questions on draft Supple-
ment 4 to Generic Letter 88-20 and the draft of this
document). In addition to numerous comments and ques-
tions raised during the workshop, the staff received writ-
ten comments from 16 organizations.

This revised report reflects the staff’s thorough consid-
eration of the public comments received. It provides,
specifically, the guidelines defining the IPEEE objec-
tives; identifies external events that should be included in
the IPEEE; identifies acceptable methodologies; identi-
fies coordination between the IPEEE and the ongoing
NRC programs; and provides the staff’s responses to pub-
lic comments and questions.

Objectives of the IPEEE

The general objectives of the IPEEE are similar to that of
the IPE—that is, for each licensee (1) to develop an
appreciation of severe accident behavior, (2) to under-
stand the most likely severe accident sequences that could
occur at its plant under full-power operating conditions,
(3) to gain a qualitative understanding of the overall like-
lihood of core damage and fission product releases, and
(4) if necessary, to reduce the overall likelihood of core
damage and fission product releases by modifying, where
appropriate, hardware and procedures that would help
prevent or mitigate severe accidents. The key outcome of
an IPEEE is the knowledge and appropriate improve-
ments resulting from such an examination process. The
examination can be conducted using any of the acceptable
approaches.

Identification of External Events
Included in the IPEEE

In supporting the implementation of the Severe Accident
Policy, a study was performed to determine which exter-
nal initiators could be a potentially important accident
initiator that may pose a threat of severe core damage or
of a large radioactive release to the environment. The
external events considered, consistent with past probabil-
istic risk assessments (PRAs), are those events whose
cause is external to all systems used during normal and
emergency operations. The external events evaluated in-
clude seismic events, internal fires, high winds and torna-
does, external floods, transportation and nearby facility
accidents, lightning, severe temperature transients (ex-
treme heat, extreme cold), severe winter storms, external
fires (forest fires, grass fires), extraterrestrial activity (me-
teorite strikes, satellite falls), and volcanic activity.

Based on the results of that study, the staff has concluded
that five external events need to be included specifically
in the IPEEE: seismic events, internal fires, high winds,
floods, and transportation and nearby facility accidents.
However, licensees should confirm that no other plant-
unique external events with potential severe accident
vulnerability are being excluded from the IPEEE.

Examination Methods

Seismic Events

A seismic PRA (Level 1 plus containment performance
analysis) or a seismic margins methodology (SMM) is
considered a viable approach to identify potential vulner-
abilities. Guidance is provided for licensees performing a
new seismic PRA or updating an existing seismic PRA;
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emphasis is placed on the identification and ranking of
dominant plant sequences that could lead to seismically
induced core damage rather than on the numerical esti-
mate of absolute frequency of occurrence. Methodology
upgrades include plant walkdowns, evaluation of relay
chatter, and evaluation of the effects of soil liquefaction.

Guidance is also provided for licensees using either the
NRC- or EPRI-sponsored seismic margins methodology.
The margins methodology screens components according
to their importance to safety and seismic capacity. By
design, the methodology utilizes two review or screening
levels geared to peak ground accelerations of 0.3g and
0.5g. Review level earthquakes (RLEs) were assigned
based on the Lawrence Livermore National Laboratory
(LLNL) and Electric Power Research Institute (EPRI)
hazard estimates, sensitivity tests, seismological and engi-
neering judgment, and plant design considerations. The
use of the 0.3g full-scope and focused-scope RLE for
most plants in the Central and Eastern United States
would meet IPEEE objectives. The level of effort in the
analysis of relay chatter is the major difference between
these two categories. For some sites where the seismic
hazard is low, a reduced-scope margins methodology em-
phasizing plant walkdowns is considered adequate. For
sites in the Western United States, except California
coastal sites, the 0.5g RLE should be used. Methodology
upgrades include relay chatter, liquefaction, and plant
walkdown enhancements for the NRC method; guidance
on alternative success paths for the EPRI method; and
evaluation of nonseismic failure and human actions for
both methods.

Internal Fires

The internal fires IPEEE can be accomplished by per-
forming a Level 1fire PRA. Those issues identified in the
Fire Risk Scoping Study (NUREG/CR-5088) should be
addressed using plant-specific data and a specially tai-
lored walkdown procedure.

The guidance does not address the fire vulnerability
evaluation (FIVE) methodology currently being devel-
oped by the Nuclear Management and Resources Council
(NUMARC) and EPRI. This methodology is being re-
viewed by the staff; when the review is completed, the
staff will issue an evaluation report on its acceptability for
use in the IPEEE.

High Winds, Floods, and Transportation and
Nearby Facility Accidents

The recommended overall approach consists of a pro-
gressive screening. The screening criterion for reporting
potential severe accident sequences is consistent with
that used for internal event IPEs. The steps in the pro-
gressive screening approach represent a series of analyses

NUREG-1407

in increasing levels of detail, effort, and resclution. How-
ever, the licensee may choose to bypass one or more steps
so long as it identifies the vulnerabilities or demonstrates
that they are insignificant. The screening approach con-
sists of the following steps:

All plants:
1. Review plant-specific hazard data and licensing
bases.

2. Identify significant changes since the operating li-
cense was issued.

3. Determine if the plant and facilities design meets
the 1975 Standard Review Plan (SRP) criteria.

If the 1975 SRP criteria are not satisfied, or if it is known a

priori that they will not be satisfied, one or more of the
following approaches should be taken to further evaluate
the situation.

Optional:
4. Determine if the hazard frequency is acceptably low.

5. Perform a bounding analysis.

6. Perform a probabilistic risk assessment (PRA).

Alternative Methods

The staff recognizes that other methods capable of identi-
fying plant-specific vulnerabilities to severe accidents
may be acceptable. A licensee may request that the staff
review any other systematic examination method to de-
termine if it is acceptable for IPEEE purposes.

Coordination with Ongoing Programs

Guidance is provided on coordinating the IPEEE process
with ongoing programs. The first level of coordination is
among the major elements related to the implementation
of the Severe Accident Policy, that is, coordination among
the IPEEE, the internal events IPE, containment per-
formance improvements, and accident management. The
second level of coordination is among the major elements
of the IPEEE, that is, seismic events, fires, and high
winds, floods, and others. The third level of coordination
is within each major element of the IPEEE.

Programs subsumed into the IPEEE include the external
event aspect of Unresolved Safety Issue (USI) A-45
(decay heat removal), Generic Issue (GI)-131 (in-core
flux mapping system) and the Eastern U.S. ‘Seismicity
(Charleston earthquake) Issue. Programs that need to be
coordinated with the IPEEE include USI A-46 (Seismic
Equipment Qualification, which also covers the seismic
spatial systems interaction of USI A-17 and the concern




of USI A-40 for the seismic capability of large safety-
related above-ground tanks), and GI-57 (Effects of Fire
Protection System Actuation on Safety Related Equip-
ment).

Executive Summary

Peer Review

The licensee should conduct a peer review by individuals
who are not associated with the initial evaluation to en-
sure the accuracy of the documentation package and to
validate both the IPEEE process and its results.
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1 INTRODUCTION

1.1 Background

On August 8, 1985, the Nuclear Regulatory Commission
issued a policy statement on severe accidents (NRC,
1985). The Commission concluded, based on available
information, that existing plants pose no undue risk to the
public health and safety and that there is no present basis
for immediate action on any regulatory requirements for
these plants. However, the Commission recognizes,
based on NRC and industry experience with plant-
specific probabilistic risk assessments (PRAs), that sys-
tematic examinations are beneficial in identifying plant-
specific vulnerabilities to severe accidents that could be
fixed with low-cost improvements. As part of the imple-
mentation of the policy statement, the Commission is-
sued Generic Letter 88-20 (NRC, 1988 and 1989), re-
questing that each licensee conduct an individual plant
examination (IPE) for internally initiated events.

Risk assessments indicate that the risk from external
events could be a significant contributor to the core dam-
age in some instances. However, licensees were re-
quested to proceed with the examinations only for inter-
nally initiated events (including internal flooding) in
Generic Letter 88-20. Examination of severe accident
vulnerabilities due to externally initiated events (IPEEE)
is proceeding separately and on a later schedule to allow
the staff to carry out additional work (SECY-88-147) to
(1) identify which external hazards need a ‘systematic
examination, (2) identify examination methods and de-

- velop procedural guidance, and (3) coordinate the IPEEE
with other ongoing NRC programs that deal with various
aspects of external event evaluations to ensure that there
is no duplication of industry efforts.

To accomplish these objectives, the staff established the
External Events Steering Group (EESG) in December
1987 to make recommendations regarding the scope,
methods, and coordination of the IPEEE (Beckjord,
1987, 1988). Specifically, the EESG is responsible for
developing broad guidance for dealing with (1) external
events on a generic basis both organizationally and tech-
nologically and (2) the implementation of the severe acci-
dent policy with respect to external events. The EESG
established three technical subcommittees dealing with
earthquakes (seismic events), internal fires, and high
winds, floods, and “other” external events. The subcom-
mittees were chartered to define the scope of the external
events examination, identify acceptable examination
methodologies, and coordinate ongoing issues and activi-
ties (for example, Unresolved Safety Issues and Generic
Issues).

The EESG completed its task in May 1990. Based on the
EESG recommendations, the staff prepared this report
to provide detailed guidance on the conduct of the IPEEE
and on the structure and content of the IPEEE submittal.
It issued a draft of this report for public comment in July
1990. It conducted a workshop in September 1990 to
explain the IPEEE process and to obtain specific com-
ments and questions on draft Supplement 4 to Generic
Letter 88-20 and the draft of this guidance document. In
addition to the comments raised during the workshop, the
staff received written comments from 16 organizations.
This final report includes changes resulting from the reso-
lution of these comments.

1.2 IPEEE Objectives

The objectives of the IPEEE, which are similar to the
objectives of the internal event IPE, are for each licensee:

1. to develop an appreciation of severe accident
behavior,

2. to understand the most likely severe accident se-
quences that could occur at the licensee’s plant un-
der full power operating conditions,

3. to gain a qualitative understanding of the overall
likelihood of core damage and fission product re-
leases, and

4.  if necessary, to reduce the overall likelihood of core
damage and radioactive material releases by modi-
fying, where appropriate, hardware and procedures
that would help prevent or mitigate severe acci-
dents.

However, the staff recognized at the outset that the exter-
nal initiators could not necessarily be treated in exactly
the same way as internal initiators in the implementation
of the Severe Accident Policy because the sources and
treatment of uncertainties in estimates of core damage
frequencies for external and internal events can be quite
different. In addition, some methods endorsed by the staff
for evaluating external hazards and identifying vulner-
abilities do not produce estimates of core damage fre-
quency. For example, seismic margins methods produce
estimates of seismic hazard levels of high confidence-low
probability of failure (HCLPF) for a plant rather than
estimates of core damage probability.

Therefore, the staff determined that an explicit estimate
of core damage frequency was not needed to meet the
intent of the Severe Accident Policy and would not be a
condition of the IPEEE. Thus, Objective 3 above would
be addressed only indirectly by some methods acceptable
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for use in the IPEEE. Nevertheless, the key objective of
gaining an understanding of plant behavior through the
examination process could be met.

1.3 Purpose of Document

The purpose of this document is to provide guidelines for
conducting the IPEEE and on the structure and content
of the IPEEE submittal. It is not the intent of
NUREG-1407 to go beyond the information request con-
tained in Supplement 4 to Generic Letter 88-20. The
external events recommended for inclusion in the IPEEE
are identified in Section 2. Acceptable methodologies for
performing an IPEEE along with upgrades to reflect
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state-of-the-art improvements are identified in Sections 3
through 5. Section 3 addresses the seismic portion; Sec-
tion 4 the internal fires portion; and Section 5 the high
winds, floods, and other portion of the IPEEE. Coordina-
tion between the IPEEE and the internal events IPE,
other external events, and ongoing programs within each
external event are provided in Section 6. A discussion of
the peer review is provided in Section 7. A summary of
documentation and reporting guidelines is provided in
Section 8. The staff’s responses to public comments and
questions raised during the IPEEE workshop held in Sep-
tember 1990 and the written comments received soon
afterward are given in Appendix D.



"2 EVENTS EVALUATED FOR INCLUSION IN THE IPEEE

The external events considered, consistent with past
probabilistic risk assessments (PRAs), are those events
whose cause is external to all systems used in normal
operation and emergency operation situations. Internal
fire and internal flood are external to the “system” and
therefore have been considered as external events in past
PR As. However, internal floods are being considered in
the internal events IPE process (NRC, 1988).

In supporting the implementation of the Severe Accident
Policy, a study of the risk of core damage to nuclear power
plants in the United States due to externally initiated
events was performed. The objective was to determine
which external initiators have the potential of initiatingan
accident that may lead to severe reactor-core damage or
large radioactive release to the environment. Seismically
initiated events are investigated in NUREG/CR-5042,
Suppl. 1; internal fires, high winds/tornadoes, external
floods, and transportation accidents are investigated in
NUREG/CR-5042; “other external events” are investi-
gated in NUREG/CR-5042, Suppl. 2. The “other exter-
nal events” covered are nearby industrial/military facility
accidents, on-site hazardous material storage accidents,
severe temperature transients, severe weather storms,
lightning strikes, external fires, extraterrestrial activity,
volcanic activity, earth movement, and. abrasive wind-
storms.

Some external events may not pose a significant threat of
asevere accident to all plants, some events may have been
considered in the plant’s design to a sufficient degree, and
some events may have been or will be reviewed under
ongoing programs at some plants. The staff’s evaluation
and recommendations are contained in the following
sections.

2.1 Seismic Events

The followmg are based upon an examination of current
seismic design criteria, previous and ongoing seismic is-
sues and programs, and seismic PRAs:

1. Mean seismic core damage frequencies calculated
from past PRAs (NUREG-1150, NUREG/CR-
5042, Suppl. 1) have been found to be in the range of
104 to 10-8 per year. Identified vulnerabilities are
plant specific and include yard tanks, electrical
equipment, diesel peripherals, structural failures,
and equipment anchorages.

2. New data such as the occurrences of larger than
anticipated earthquakes and the development of
new hypotheses indicate that the plant-specific seis-
mic hazard may be quite different from that envi-
sioned at the time of licensing and make it difficult to

rule out seismic events on the basis of initiating
event frequencies.

3. Based primarily on their vintage, the current popu-
lation of plants exhibit various levels of seismic de-
sign requirements and margin. Some of the very
early plants have been backfitted under the System-
atic Evaluation Program to ensure certain margins
for safe shutdown using criteria different from cur-
rent licensing criteria.

4. There have been modifications to plants since their
original designs; for instance, the reduction of snub-
bers at some plants. These changes, in part, have
relied on existing conservatism or risk-based argu-
ments (e.g., LOCA + SSE combinations). The sys-
tematic examination of plants by the IPE and IPEEE
will give an integrated picture of plants as they exist.
It will also allow an integrated evaluation of the
effects of individual changes made to plants over
time.

S. There are unresolved safety issues and generic is-
sues (e.g., USI A-45, USI A-46) that are in various
stages of implementation. The IPE/IPEEE provides
a convenient as well as meaningful framework for
addressing many of these issues.

6. PRAsand seismic margins evaluations have resulted
in cost-effective plant-specific improvements.

Therefore, the seismic external hazard should be in-
cluded in the IPEEE.

2.2 Internal Fires

Based upon the examination of past fire PR As, the contri-
bution of internal fires to the probability of core damage
may be significant and is very plant specific (NUREG/
CR-5042). However, the numerical results always con-
tain large uncertainties. The fire risk scoping study
(NUREG/CR-5088) further confirms the following:

1. The overall fire-induced core damage frequency for
the four plants studied (Seabrook, Oconee, Limer-
ick, and Indian Point) increased from the original
PRA studies even though, for certain fire scenarios,
there was a net decrease. For all plants reviewed,
fire continues to represent a dominant risk con-
tributor.

2. Most initiating event frequencies were increased
based on a much more complete data base available
on fire occurrences in nuclear power plants. Under
currently applied risk assessment methodologies,
this increase in initiating event frequency alone
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results in a direct increase in overall fire-induced
core damage frequency with all other factors re-
maining constant.

3. Use of an expanded data base on historical fire sup-
pression times for nuclear power plantsresultedina
suppression probability distribution with a lower
probability of suppression within a given time than
that assumed in the original risk assessments. Under
current methodologies, this again results in an in-
crease in fire-initiated core damage frequency with
all other factors remaining constant.

4. Updated information on the ignition and damage
thresholds of cable insulation in some cases resulted
in lower thermal damage limits. In some cases, no
change in damage limits was required. A decrease in
the assumed thermal damage limits would, in gen-
eral, be expected to lead to increased estimates of
fire-initiated core damage frequency.

5. Plant modifications made as a result of Appendix R
requirements reduced the core damage frequency at
Indian Point and Limerick for the requantified areas
by factors of ten and three, respectively. For
Seabrook, the identified Appendix R plant modifica-
tions did not affect the requantified core damage
scenarios for internal fires. The Oconee PRA had
already incorporated Appendix R modifications and
no modifications subsequent to its performance
were identified. Hence no Appendix R impact could
be identified for either Seabrook or Oconee.

6. A number of issues that were not addressed in the
past fire PRAs (effectiveness of fire brigade, effec-
tiveness of fire barrier, seismic/fire interactions,
control system interactions, and effects of fire sup-
pressants on safety equipment) could increase the
vulnerability to fire.

Therefore, based on the above studies, the internal fire
hazard should be included in the IPEEE.

2.3 High Winds and Tornadoes

For plants designed against NRC’s current criteria, these
events pose no significant threat of a severe accident
because the current design criteria for wind are domi-
nated by tornadoes having an annual frequency of
exceedance of about 10-7. However, older plants and
some modern plants having facilities not designed against
these criteria need a systematic examination to identify
plant-specific vulnerabilities (NUREG/CR-5042).

2.4 External Floods

For plants designed against current criteria as described
in Regulatory Guide 1.59 and applicable Standard Re-
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view Plan sections, particularly Section 2.4, floods pose no
significant threat of a severe accident because the
exceedance frequency of the design basis flood, excluding
floods due to failure of upstream dams, is judged to be less
than 10- per year (Chery, 1985), and the conditional core
damage frequency for a design basis flood is judged to be
less than 10-'. Thus core damage frequencies are esti-
mated to be less than 10-8 per year for a plant designed
against NRC’s current criteria. However, the latest prob-
able maximum precipitation (PMP) criteria published by
the National Weather Service (NWS) call for higher rain-
fall intensities over shorter time intervals and smaller
areas than have previously been considered; this could
result in higher site flooding levels and greater roof pond-
ing loads than have been used in previous design bases
(GI 103). Licensees are requested to assess the effects of
applying these new criteria to their plants in terms of
onsite flooding and roof ponding. Also, some older plants
may have higher potential risk and need systematic exami-
nations for plant-specific vulnerabilities.

2.5 Transportation and Nearby
Facility Accidents

These events consist of accidents related to transporta-
tion and accidents at industrial and military facilities.
Plants designed against NRC’s current criteria (NUREG/
CR-5042) should have no significant vulnerability to se-
vere accidents from these events because the initiators
considered in the design should have a recurrence fre-
quency less than 10-6 or have been shown through a
bounding analysis not to affect the plant. However,
changes may have occurred since the original design and
there may be exceptions that need some Systematic
examination. Also, some older plants may not meet the
NRC’s current criteria and need systematic examinations
for plant-specific vulnerabilities.

2.6 Lightning

Lightning has been experienced at many nuclear power
plantsin the United States (NUREG/CR-5042, Suppl. 2;
AEOD, 1986; ACRS, 1989). The impact of lightning on
plant operation and the vulnerability of plantsto a severe
accident due to lightning has been examined. The major
conclusion is that the primary impact of lightning on nu-
clear power plants is the loss of offsite power. The loss of
offsite power is included as part of the internal events
IPE, and examination for vulnerabilities due to this aspect
of lightning is therefore already included in the IPE proc-
ess. The staff has concluded that, in general, other effects
of lightning on nuclear power plants are insignificant.
However, further examination of lightning effects may be
warranted for certain sites where, based on past operating
experience, lightning strikes are likely to cause more than
just loss of offsite power; for example, they may also affect
safety-related instrumentation and control systems.




Based on an examination of historical data on lightning, as
well as knowledge of plant systems, the staff concludes
the following:

1. Lightning has typically caused partial or complete
loss of offsite power, which is the main impact of
lightning and which is already being examined as
part of the internal events IPE.

2. Lightning is much less likely to affect the onsite
power system.

3. Lightning hasaffected safety-related equipment and
has caused reactor trips, but these events have not
been significant in terms of impact on the plant.

4. Safety systems (e.g., diesel generators, electrically
powered pumps) are not normally in operation.
Thus, while control systems may be damaged, the
safety systems are less susceptible to damage and
may be manually activated.

5. Redundancy of safety systems and the capability for
recovery of systems (replacing fuses or resetting
breakers) further reduce the likelihood that the low
frequency of lightning damage events will result in a
severe accident.

The staff has judged that the probability of a severe acci-
dent caused by lightning (other than one due to loss of
offsite power) is relatively low and further consideration
of lightning effects should be performed only for plant
sites where lightning strikes are likely to cause more than
just loss of offsite power or a scram.

2.7 Severe Temperature Transients
(Extreme Heat, Extreme Cold)

Severe temperature transients may affect nuclear power
plants in the United States (NUREG-1032). However,
the effects are usually limited to reducing the capacity of
the ultimate heat sink and loss of offsite power NUREG/
CR-5042, Suppl. 2). The capacity reduction of the ulti-
mate heat sink would be a slow process that allows plant
operators sufficient time to take proper actions such as
reducing power output level or achieving safe shutdown,
if necessary, and maintaining the plant in a safe shutdown
condition. The other potential impact on the plant, loss of
offsite power, will be considered within the realm of the
station blackout rule (NRC, 1988b) and the internal event
IPE. Therefore, the temperature transients need not be
addressed in the IPEEE.

2.8 Severe Weather Storms

Severe weather storms (ice storm, hailstorm, snowstorm,
dust storm, sandstorm) accompanied by strong winds have
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caused several complete and partial losses of offsite
power (NUREG/CR-5042, Suppl. 2). The potential ef-
fect of loss of offsite power and station blackout will be
addressed in the internal event IPE; thus severe weather
storm evaluations need not be repeated in the IPEEE.

2.9 External Fires (Forest Fires, Grass
Fires)

These are fires occurring outside the plant site boundary.
Potential effects on the plant could be loss of offsite
power and forced isolation of the plant ventilation and
possible control room evacuation. Usually, external fires
are unable to spread onsite because of site clearing during
the construction stage (NUREG/CR-5042, Suppl. 2).
However, there has been one instance during which a
nearby forest fire caused a partial loss of offsite power.
The effect of loss of offsite power will be addressed in the
internal events IPE and need not be repeated in the
IPEEE. The other effects have been evaluated during
operating license (OL) review against sufficiently con-
servative criteria; thus they do not need to be reassessed
in the IPEEE.

2.10 Extraterrestrial Activity
(Meteorite Strikes, Satellite Falls)

Extraterrestrial activity is considered to be natural satel-
lites such as meteors or artificial satellites that enter the
earth’s atmosphere from space. Because the probability
of a meteorite strike is very smail (less than 10-9)
(NUREG/CR-5042, Suppl. 2), it can be dismissed on the
basis of its low initiating event frequency.

2.11 Volcanic Activity

Most nuclear power plant sites are too far away from
active volcanoes to expect any effect at the plant, so most
licensees need not consider the volcanic effects. How-
ever, those sites in the vicinity of active volcanoes should
assess volcanic activities (NUREG/CR-5042, Suppl. 2) as
part of the IPEEE process.

2.12 Summary

In summary, based on the above evaluation, five events
need to be included by all licensees in the IPEEE: seismic
events, internal fires, high winds, floods, and transporta-
tion and nearby facility accidents. All licensees should
confirm, however, that no plant-unique external events
known to the licensee today with potential severe acci-
dent vulnerability are being excluded from the IPEEE.
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3 ACCEPTABLE METHODOLOGIES FOR PERFORMING
THE SEISMIC IPEEE

For the purpose of performing an IPEEE, two method-
ologies are considered acceptable to identify potential
seismic vulnegabilities at nuclear power plants. The first is
a seismic probabilistic risk assessment (PRA) (NUREG/
CR-2300; NUREG/CR-2815, Vol. 2; NUREG/CR-
4840). In addition, an evaluation of the reliability and
usefulness of results and insights obtained from external
event PRA methodologies is contained in NUREG/
CR-5477. The second method is one of the seismic
margins methodologies (SMM) described in NUREG/
CR-4334, NUREG/CR-4482, and NUREG/CR-5076,
EPRI NP-6041 or the reduced SMM described later in
this section.

In meeting the objectives of the IPEEE, the examination
should focus on qualitative insights from the systematic
plant examination rather than only on absolute core dam-
age frequency estimates. Guidance for performing the
seismic IPEEE using a PRA or margins methodology is
provided below.

3.1 Seismic PRA

This discussion deals with the use of PRA techniques in
the seismic IPEEE. The PRA should be at least a Level 1
plus containment performance analysis. The basic ele-
ments are (1) hazard analysis, (2) plant system and struc-
ture response analysis, (3) evaluation of component fra-
gilities and failure modes, (4) plant system and sequence
analysis, and (5) containment and containment system
analysis including source terms, to identify unique seismic
sequences or vulnerabilities different from the internal
event analysis. Specific guidance and enhancements are
provided for licensees performing a new PRA or updat-
ing an existing seismic PRA.

3.1.1 New Seismic PRA Analysis

3.1.1.1 General Considerations

Licensees choosing to do a seismic PRA built on an inter-
nal events PRA should be aware of important considera-
tions that, if incorporated in the planning of the internal
events PRA, will minimize their resource expenditure
and speed the staff reviews. For example, (1) a well-
organized walkdown team and a properly planned walk-
down will enable many issues to be addressed at the same
time; (2) the peer review team should consider the need
to review both internal and external event analyses;
(3) fault tree analysts for internal events should be aware
of spatial interactions (including internal flooding ef-
fects), failure of passive components such as structures
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and supports, and common-cause effects (the culling or
pruning of trees should be done with these considerations
in mind); and (4) internal event models should be devel-
oped knowing that, in the seismic analysis, the fragilities
of a component are sensitive to elevation. Also, a compo-
nent and its peripheral equipment may have different
fragilities. Additional discussion of this subject can be
found in NUREG/CR-4840.

PRA calculations that account for all uncertainties are
clearly acceptable. However, the staff believes that, for
the seismic IPEEE, it is not necessary to carry out com-
plete uncertainty quantifications defining a distribution
of core-damage frequencies in order to identify vulner-
abilities. Mean point estimation using a single hazard
curve (rather than a family of hazard curves) and a single
fragility curve (rather than a family of fragility curves) for
each component is sufficient to get insights into potential
seismic vulnerabilities. To highlight the most pertinent
results/insiglits from the seismic portion of the IPEEE,
mean point estimates using hazard curves described in
NUREG/CR-5250 and EPRI NP-6395D should be ob-
tained. Further discussion on the use of hazard curves is
contained in Section 3.1.1.2.

The above point estimation approach is valid only be-
cause of the IPEEE objective: to identify dominant se-
quences and components and where possible rank them.
(This point estimate should not be confused with a “Phase
I” type PRA analysis where point estimate calculations
are used only to define scopes for more detailed Phase I
and Phase III studies). Fragilities used in this point esti-
mate, where possible, should be plant specific and rigor-
ous to be able to identify dominant components and rank
them. Correlations and other aspects of analysis should
be treated so that, when a mean seismic hazard curve is
used with the mean plant fragility curve, the resulting
core damage estimate approximately represents the
mean estimate that would be derived from the full uncer-
tainty analysis.

The recommendation of performing point estimation
type calculations is made primarily to highlight insights
needed for the severe accident behavior perspective. This
should not be construed as de-emphasizing or ignoring
uncertainties. Analysts are encouraged to make careful
study of the origins of the possible uncertainties, includ-
ing those that are hardest to quantify. Many of the insights
obtained from a PRA analysis are obtained by trying to
gain a better understanding of the uncertainties. Consid-
eration of uncertainties may affect how the results of a
PRA are implemented in plant changes.




3.1.12 Hazard Selection

For the United States east of the Rocky Mountains, two
“highly sophisticated seismic hazard studies were con-
ducted by Lawrence Livermore National Laboratory
(LLNL) (NUREG/CR-5250) and the Electric Power Re-
search Institute (EPRI) (EPRI NP-6395-D). For many
sites, these studies yield significant differences at the low-
probability and high-level ground motions. The initial
PRAs carried out using these estimates (Surry and Peach
Bottom in NUREG-1150) indicate that, despite large
differences in absolute numerical estimates, the identi-
fication, ranking, and relative contributions of the domi-
nant seismic sequences are virtually the same for both
LLNL and EPRI hazard estimates. This equivalence is
apparently due to the fact that the slopes of the seismic
hazard curves are not significantly different over those
ground motion levels that, in conjunction with the fragili-
ties, control the relative distribution of seismically in-
duced core damage frequencies. Although these results
are very encouraging, there is no guarantee that this will
be true for all sites in the Central and Eastern United
States.

While a full seismic hazard uncertainty analysis is not
necessary in performing a seismic PRA for the IPEEE,
the staff prefers that mean (arithmetic) hazard estimates
from both the LLNL and the EPRI studies should be used
to obtain two different point (mean) estimates. If a licen-
see elects to perform only one analysis, it should use the
higher of the two mean (arithmetic) hazard estimates.

The use of both the LLNL and EPRI mean hazard curves
has another advantage in that the extent of uncertainty
will become obvious and the emphasis on the bottom line
numbers is reduced. The use of both of these estimates
(LLNL and EPRI) will serve toidentify differences, if any,
in the delineation of dominant seismic sequences (minor
variations in contributions and rankings are anticipated).
Such differences would have to be addressed by the licen-
see in its identification and listing of vulnerabilities.

For plants in the Western United States, for which there
are no counterparts to the LLNL and EPRI studies, a
licensee should conduct its own study to define the mean
hazard estimate for use in the IPEEE. The licensee
should also provide reasonable assurance that any signifi-
cant uncertainty in those elements of hazard (for exam-
ple, slope) that control the identification, ranking, and
relative contribution of seismic contributors to core dam-
age is addressed in sensitivity studies. As in the Central
and Eastern United States, the identification and listing
of vulnerabilities should take this uncertainty into ac-
count.

Most seismic PRAs use peak ground acceleration as the
hazard parameter. If this is done, spectral shapes that are
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consistent with current estimates of ground motion
should be used. In the Central and Eastern United States,
current spectral estimates can be found in the LLNL and
EPRI studies. Since similar spectral shapes are obtained
from LLNL and EPRI hazard studies, separate analyses
using both spectral shapes are not needed. Median spec-
tral shapes of 10,000 year return period provided in
NUREG/CR-5250 along with variability estimates are
recommended for use in the analyses. Other site-specific
spectral shape estimates may be proposed (that is, derived
from a suite of appropriate recorded earthquakes). For
the Western United States, site-specific spectral shape
should be established and used. Since only one spectral
shape is used for both hazard analyses, two separate plant
response and fragility analyses are not needed.

If an upper bound cutoff to ground motion at less than
1.5 g peak ground acceleration is assumed, sensitivity
studies should be conducted to determine whether the
use of this cutoff affects the delineation and ranking of
seismic sequences.

3.1.1.3 Fragility Estimation

The following guidance on fragility estimation is included
to clarify the use of fragility in the context of the “point
estimation” approach discussed above. Details and
methods for fragility and high confidence of low probabil-
ity of failure (HCLPF) calculations are discussed in a
number of references, for example, NUREG/CR-2300,
NUREG/CR-4334, NUREG/CR-4482, NUREG/CR~-
5076, NUREG/CR~4659, Vols. 1-3, EPRI-NP 6041, and
NUREG/CR-5270. It is recognized that large uncertain-
ties exist in fragilities estimation (NUREG/CR-5270). A
perspective on how this uncertainty affects the results of
analysis (numerical and other insights, for example, domi-
nant sequences and components) should be maintained.

Consistent with the point estimation approach, one can
use a single mean component fragility curve for each
component and hence for sequence-level and plant-level
assessments. This mean curve is defined by the median
capacity, , and composite uncertainty, gc, where g2 =
Brz + pu?, when Br and pu are estimated separately. pr
and pu represent random uncertainty and modeling un-
certainty, respectively. It is also acceptable to use a family
of fragility curves instead of a single curve.

When a single mean fragility curve is available, HCLPF
capacity for a component (sequence, or plant) can be
approximated by -2.3 Bc below the median (i.e., 1% com-
posite probability of failure is essentially equivalent to
95% confidence of less than 5% probability of failure).
While developing sequence-level and plant-level fragili-
ties, the licensee should retain the ability to report
HCLPFs with and without nonseismic failures and human
actions.

NUREG-1407



3. The Seismic IPEEE

3.1.1.4 Seismic PRA Methodology Enhancements

Review of past seismic PRAs indicates that certain areas
have been treated either inconsistently or not at all.
Therefore, the following areas should be included:

1.  Plant Walkdowns. Walkdowns are performed to find
as-designed, as-built, and as-operated seismic weak-
nesses in plants. Each licensee should perform a
walkdown consistent with the intent of the guide-
lines described in Sections 5 and 8 and Appendices
D and I of the EPRI Seismic Margins Methodology
(EPRI NP-6041).

2. Relay Chatter. Relays, in this context, include com-
ponents such as electric relays, contactors, and
switches that are prone to chatter. Additional guid-
ance is given in NUREG/CR-5499. The scope of the
relay chatter evaluation should be consistent with
the site’s seismic margin review level earthquake
classification (full scope or focused scope) as identi-
fied in Tables 3.1 and 3.2 and discussed in Sec-
tions 3.2.4.2 and 3.2.5.3. That is, a more complete
evaluation is to be performed for sites in the full-
scope category than for sites in the focused-scope
category. It is anticipated that chatter and recovery

actions will be modeled as necessary. The focused-.

scope evaluation can be limited to a review of low
seismic ruggedness relays for plants that are not
included in the USI A-46 program.

The examination of the relay chatter effects (for
example, the Hatch margin evaluation) has resulted
in large resource expenditures in terms of staff-
hours. Therefore, careful planning and use of ge-
neric insights, if they are applicable to the plant, are
necessary. Additional guidance on this topic is also
included in Section 3.2.4.2.

3. Liquefaction. The potential for soil liquefaction and
associated effects on the plant need to be examined
for some sites because of specific site conditions.
The impact on plant operation should be assessed
from the point of view of both potential for and
consequences of liquefaction. Procedures for assess-
ing soil liquefaction are described in EPRINP-6041.

4, HCLPF Calculations (Optional). Licensees can re-
port plant-level, sequence-level, and component-
level HCLPF values and use this information to
support decisions related to the identification and
listing of vulnerabilities. In several PRAs (for exam-
ple, Millstone 3 and Diablo Canyon), HCLPF esti-
mates are reported along with other PRA results.
These PRAs can be used as guidance for deriving
HCLPF values from fragilities. HCLPF values are to
be reported both with and without the effects of
nonseismic failures and human actions. If a licensee
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does not supply HCLPF calculations, the staff will
calculate the HCLPF values based on information
provided in the IPEEE submittal and will use them
in the evaluation of the submittal. Note that plant-
level, sequence-level, and component fragilities are
to be documented.

3.1.1.5 Containment Performance

The primary purpose of the containment performance
evaluation is to identify sequences and vulnerabilities that
involve containment, containment functions, and con-
tainment systems (e.g., igniters and suppression pools)
seismic failure modes or timing that are significantly dif-
ferent from those found in the IPE internal events evalu-
ation. Additional guidance is presented in Section 3.2.6.

3.1.2 Use of an Existing PRA

The use of an existing seismic PRA to address the seismic
IPEEE is acceptable provided the PRA reflects the cur-
rent as-built and as-operated condition of the plant and
some of the deficiencies of past PR As discussed below are
adequately addressed.

1.  Hazard Selection. For PR As at sites east of the Rocky
Mountains that did not use the LLNL and EPRI
mean hazard estimates, sensitivity studies should be
conducted to determine if the use of these results
would affect the delineation or ranking of seismic
sequences. For PR As in the Western United States,
the sensitivity studies should be carried out to deter-
mine the effect of uncertainty in hazard on the de-
lineation and ranking of seismic sequences.

2.  Walkdowns. Since a walkdown is considered to.be
one of the most important ingredients of the seismic
IPEEE, a supplementary walkdown in conformance
with the intent of the procedures described in Sec-
tions 5 and 8 and Appendices D and I of the EPRI
margin methodology (EPRI NP-6041) should be
performed. It may be necessary to amplify the ear-
lier analysis based on the walkdown outcome. These
results should be reported.

3. Relay Chatter. Relay chatter effects either have not
been considered or were assumed fully recoverable
in past PRAs. Relays, in this context, include com-
ponents such as electric relays, contactors, and
switches that are prone to chatter. Licensees should
analyze the effect of relay chatter or determine that
the type of relays used in the safety systems are not
subject to relay chatter. The scope of the review
should be consistent with the site’s seismic margins
review level earthquake classification (full scope or
focused scope) asidentified in Tables 3.1and 3.2 and
discussed in Sections 3.2.4.2 and 3.2.5.3. Additional
guidance is provided in NUREG/CR-5499. Results
of this effort that lead to a PRA revision or plant
fixes should be reported.
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Table 3.1 Review Level Earthquake—Plant Sites East of the Rocky Mountains

Reduced Scope

Big Rock Point

Comanche Peak

Crystal River

0.3g Focused Scope

Arkansas #2
Beaver Valley
Bellefonte
Braidwood
Browns Ferry
Brunswick
Byron
Callaway
Calvert Cliffs
Catawba*
Clinton

Cook

Cooper

0.3g Full Scope

Arkansas #1
Indian Point

Duane Amnold*
Grand Gulf
River Bend

Davis-Besse
Dresden
Farley

Fermi
Fitzpatrick
Fort Calhoun
Ginna
Haddam Neck
Harris

Hatch

Hope Creek
Kewaunee
LaSalle

Maine Yankee
Oconee*

Committed to Perform a Seismic PRA

Notes:
*Special attention to shallow soil conditions is appropriate for these locations (see Section 3.2.2).
**Relay chatter evaluation should be similar to a full-scope review.

Pilgrim**

Seabrook**

South Texas
St. Lucie

Limerick
McGuire
Milistone
Monticello
Nine Mile Pt.
North Anna*
Oyster Creek
Palisades
Peach Bottom
Perry

Point Beach
Prairie Island
Quad Cities

Robinson
Sequoyah

Turkey Pt.
Waterford

Salem

Shoreham
Summer*

Surry
Susquehanna
Three Mile Island
Vermont Yankee
Vogtle

Watts Bar

Wolf Creek

Zion

Yankee Rowe

Table 3.2 Review Level Earthquake —Western United States Plant Sites

05g*
Trojan Rancho Seco
Washington Nuclear Palo Verde
Seismic Margin Methods Do Not Apply to the Following Sites:
Diablo Canyon San Onofre
Notes:

*Indicates asite in the Western United States whose default bin is 0.5 , unless the licensee can demonstrate that the site hazard is similar to

that at sites east of the Rocky Mountains that are found in the 0.3g bin.

Changes in the review level earthquake from 0.5g to 0.3g should be approved before doing significant analysis.

NUREG-1407
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4.  Nonseismic Failures and Human Actions. In several
seismic PRAs, nonseismic failures ( e.g., failures of
the auxiliary feedwater system and failure of feed
and bleed mode of core cooling, battery depletion,
power-operated relief valve failures) and human
actions (e.g., delays or failures in performing speci-
fied actions or operator misdiagnoses a situation and
takes an improper action that is not related to the
actual, current plant situation) have been important
contributors to seismically induced core damage
frequencies or risk indices. Unless nonseismic fail-
ures are considered, improper decisions may be
made regarding plant modifications or procedural
changes.

The licensee has the option to expand its PRA or
demonstrate that the exclusion of nonseismic fail-
ures will not significantly alter the PRA results or
insights. The scope of nonseismic failures and hu-

man interactions that might affect seismic sequences -

should be defined by the licensee based on the inter-
nal events analyses.

5.  Liquefaction. The potential for soil liquefaction and
associated effects on the plant need to be examined
for some sites because of specific site conditions.
The impact on plant operation should be assessed
from the point of view of both potential for and
consequences of liquefaction. Procedures for assess-
ing soil liquefaction are described in EPRI NP-6041.

6. Containment Performance. Licensees should ensure
that the performance of containment and contain-
ment systems are addressed. Section 3.2.6 contains
guidance.

7. HCLPF Calculations (Optional). Licensees can ex-
tract and report plant-level, dominant-sequence-
level, and dominant-component-level HCLPFsboth
with and without the effects of nonseismic failure
and human actions and use this information to sup-
port decisions related to the identification and listing
of vulnerabilities. If the licensee does not supply
HCLPF calculations, the staff will calculate HCLPF
values based on information provided in the IPEEE
submittal and will use them in the evaluation of the
submittal.

3.2 Seismic Margin Methodologies

This discussion deals with the use of the seismic margin
methodology in the seismic IPEEE. Specifically, guidance
and enhancements are provided for a licensee using
either the NRC or EPRI margins methodology.

NUREG-1407
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3.2.1 General Considerations

The seismic margin methodology is considered accept-
able for addressing seismic concerns in the severe acci-
dent policy implementation. Two methodologies are cur-
rently available: one developed under NRC sponsorship
and the other developed under EPRI sponsorship. The
staff has determined that both methods (with the noted
enhancements) will adequately address IPEEE objec-
tives.

The two methods use different system analysis philoso-
phies. The NRC method is based on an event/fault tree
approach to delineate accident sequences. For example,
for PWRs, two safety functions are considered to be most
important to plant seismic safety: reactor subcriticality
and early emergency core cooling. If these functions are
ensured for a given earthquake, there is high confidence
that core damage would not occur at that level. The EPRI
methodology is based on a systems “success path” ap-
proach. This approach defines and evaluates the capacity
of those components required to bring the plant to a
stable condition (either hot or cold shutdown) and main-
tain that condition for at least 72 hours. Several possible
success paths may exist. Both the NRC and the EPRI
methods were used in the trial application at the Hatch
plant. Application of the NRC method was limited to a
systems review. Insights gained from the use of these two
methods and the differences between them are discussed
in reports by Davis (1990), Orvis et al. (1990), and Shao et
al. (1990).

Each licensee should examine its plant critically to ensure
that the generic insights used in margin methodology
development to identify critical functions, systems, and
success path logic are applicable to its plant. This is par-
ticularly vital for older plants where systems and func-
tions may differ greatly from the plants considered in the
development of the margins methodologies (NUREG/
CR-4334, NUREG/CR-4482, NUREG/CR-5076, and
EPRI NP-6041).

Based on written comments on draft of NUREG-1407
and public meetings, the staff has defined three catego-
ries of margin studies requiring varying levels of effort.
The three categories are full-scope, focused-scope, and
reduced-scope. The focused-scope category is new, while
the full-scope (although not identified as such in draft
NUREG-1407) and reduced-scope categories are re-
tained. The primary purpose of this further subdivision is
to reduce the level of effort for some plants. Licensees of
plants with relatively higher hazard and a lower seismic
design basis will conduct more detailed studies than will
licensees of other plants (grouping of plants into various
categories is discussed in Section 3.2.2 and Appendix A).

The examination scope in each category for NRC and
EPRI methods is discussed in detail in Sections 3.2.4 and




3.2.5. An introductory discussion of the rationale and the
general characterization of full-scope and focused-scope
follows.

The major difference between the full scope and the
focused scope is the scope of relay chatter evaluation.
Based on detailed studies carried out at the Hatch and
Diablo Canyon plants at considerable resource expendi-
ture, it appears that the problems that could be caused by
relay chatter at these plants were recoverable with exist-
ing procedures. However, there is a concern among the
staff and industry consultants that such conclusions can
not be considered generic without some additional plant
reviews. Additionally, both the NRC-sponsored and the
EPRI-sponsored relay tests indicate that relay perform-
ance is very sensitive to variables such as spring tension,
orientation, and mounting. Tests further indicate that a
significant number of relays may have capacities between
SSE and RLE levels. USI A-46 evaluations are to be
performed only at the SSE levels. Therefore, the staff is
recommending that the full-scope plants evaluate relay
chatter in a manner consistent with the approach sug-
gested in EPRI NP-6041 or equivalent. Note that consid-
erable efficiency can be achieved using lessons learned
from the Hatch experience (Moore et al., 1990). For
plants in the focused-scope category, a low level of effort
isrecommended. The lessons learned from the full-scope
reviews may necessitate reexamining the relay chatter
issues through the generic issues process (ie.,
NUREG-0933).

Other differences between the full- and focused-scope
relate to the level of effort for evalvating soil failure
modes and the number of margin calculations (HCLPFs)
tobe reported (Reed et al. 1990; Rasin, 1990). The differ-
ence in the level of effort in these areas stems primarily
from a perceived need for more accurately characterizing
plant behavior and numerical results for plants in the
full-scope category. It is also perceived that licensees of
plants in the focused-scope category will be able to iden-
tify important vulnerabilities with more liberal use of
fewer, approximate, and bounding-type analyses without
adverse impact. However, the actuat level of effort in
these areas is very much site and plant dependent and
should be determined on the basis of plant-specific con-
siderations. For example, a plant in the full- scope cate-
gory that is located on a rock site will not perform any soil
failure evaluation, while a plant in the focused-scope
category that is located at a coastal plain site may require
more sophisticated investigations. In any case, discussions
here do not preclude the use of properly substantiated
judgments to define the scope and depth of an examin-
ation.
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3.2.2 Review Level Earthquake and
Associated Spectral Shapes

The seismic margins methodology was designed to dem-
onstrate sufficient margin over SSE to ensure plant safety
and to find any “weak links” that might limit the plant
shutdown capability to safely withstand a seismic event
bigger than SSE. The seismic margin method utilizes two
review or screening levels geared to peak ground accel-
erations of 0.3g and 0.5g. It is the staff’s judgement that
the use of a 0.3g review level earthquake (RLE) for most
of the nuclear power plant sites in the Central and East-
ern United States (east of the Rocky Mountains) would
serve to meet the objectives of the IPEEE. However, all
sites east of the Rocky Mountains are not subject to the
same level of earthquake hazard. For some sites where
the seismic hazard is low, a reduced-scope margin ap-
proach centered on walkdowns is acceptable. For western
sites other than California coastal sites, a 0.5g¢ RLE
should be used for the margin approach. The RLEs
defined for U.S. sites, as well as sites that can perform a
reduced-scope SMM, are presented in Tables 3.1 and 3.2.
The seismic margin evaluations should utilize the
NUREG/CR-0098 median rock or soil spectrum
anchored at 0.3g or 0.5g depending on the g level and
primary condition at the site. Further discussion on the
review level earthquake is presented in Appendix A.

Plants in the 0.3g bin are further subdivided into full- and
focused-scope categories, as discussed earlier. This cate-
gorization is based on consideration of hazard as well as
the seismic design basis. Additional consideration is also
given to the outlier plants resulting from the Eastern U.S.
Seismicity (the Charleston Earthquake) Issue resolution.
Additional details are given in Appendix A.

The ground motion should be considered at the surface in
the free field. If secondary conditions such as shallow soil
conditions are being considered, appropriate procedures
should be used to determine the free-field motion in the
vicinity of those affected structures and components, and
the capacity evaluation of structures and components
should take into account the effects of soil-structure in-
teraction.

Because recent ground motion estimates, such as those
included in the LLNL and EPRI hazard studies, indicate
relatively higher ground motion at frequencies greater
than 10 Hz than that shown in the NUREG/CR-0098
spectrum, the margin evaluation of only nonductile com-
ponents (if appropriate)—for instance, relays—that are
sensitive to high frequencies should be performed as dis-
cussed in Section 3.2.4.2. No plant-specific response
analysis is anticipated to address concerns related to high-
frequency ground motion. However, if a licensee decides
to evaluate plant response for high-frequency ground
motion, the response spectral shapes derived from the

NUREG-1407
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appropriate site-specific median uniform hazard re-
sponse spectra (10,000-year return period) shown in
NUREG/CR-5250 anchored at 0.3g or 0.5g should be
used.

3.23 Reduced-Scope Margins Method

For sites where the seismic hazard is low, areduced-scope
seismic margins method emphasizing the walkdown is
adequate. Well-conducted, detailed walkdowns have
been demonstrated to be the most important tool for
identifying seismic weak links whose correction is highly
cost effective. Applicable sites are identified in Table 3.1.

The initial steps of the full-scope margin methodology up
to and including the initial plant walkdown are performed
regardless of method selected (NRC or EPRI). Basically,
pertinent activities up to and including the initial plant
walkdown need to be performed. These activities include
gathering system information, classifying front-line sys-
tems and identifying front-line components, classifying
support systems and identifying support system compo-
nents, and identifying plant-unique features.

Further guidance on the differences between the
reduced-scope and full-scope seismic margins methods,
that is, elements preserved and elements eliminated are
provided in Appendix B.

The evaluation should be documented in a walkdown
team report and subjected to a peer review (see Sec-
tion 7).

3.2.4 NRC Seismic Margins Methodology

The guidance in NUREG/CR-4334, NUREG/CR-4482,
and NUREG/CR-5076 is supplemented by that in the
following sections to (1) reflect the partitioning of the
0.3g screening criteria into the reduced-scope, 0.3g
focused-scope, and 0.3g full-scope bins identified in Ta-
ble 3.1 and (2) identify enhancements so that the method
can be used for IPEEE implementation.

3.2.41 Walkdown

Reduced Scope

See Appendix B, Sections B.1 (1) through (4) for guid-
ance.

Empbhasis on walkdowns also applies to containment and
containment systems (that is, containment functions re-
quired to prevent early failure, containment integrity,
isolation, and prevention of bypass), USI A-45, and
GI-131.

NUREG-1407
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Focused Scope, Full Scope, and 0.5g

The walkdown should be performed and documented in
accordance with the recommendations contained in EPRI
NP-6041.

3242 Relay Evaluation

Relays in this context include such components as electric
relays, contactors, and switches that are prone to chatter.

The following paragraphs define the scope of the relay
chatter evaluation for each of the three bins:

Reduced Scope

USI A-46 Plants—Completion of the USI A-46 review
will satisfy the IPEEE intent.

Non A-46 Plants—No action is needed.

Focused Scope

USI A-46 Plants—Follow USI A—46 procedures. If low-
seismic-ruggedness relays are discovered during the USI
A-46 review, the relay review should be expanded to
include relays outside the scope of USI A—46 but within
the scope of the IPEEE.

Non A-46 Plénts—bocate and evaluate low-seismic-
ruggedness relays (bad actor list).

Full Scope and 0.5g (Including Western U.S. Plants)

USI A-46 Plants—Follow USI A-46 procedures for the
review; review systems within the scope of the IPEEE,
including those that are also within the scope of USI
A-46, using appropriate margin (EPRI NP-6041) or USI
A-46 procedures at the RLE. '

Non A-46 Plants—Review the relays in all systems within
the scope of the IPEEE, using appropriate margin (EPRI
NP-6041) or USI A-46 procedures at the RLE.

The NRC method as originally developed did not address
the relay chatter issue because information on the subject
was lacking. Hardy et al. (1989), summarized the results of
several efforts in this area and provided guidance to ad-
dress this issue in an IPEEE context. Relay chatter analy-
sis could be resource intensive, and careful planning and
use of generic insights, if they are applicable to the plant,
are desirable. Insights and recommendations based on
the Hatch experience are available in Moore et al. (1990).

Attempts to address the concerns related to high-
frequency ground motion by analysis is very likely to entail
extensive efforts, including the development of new and
much more complex building models that transmit and
amplify high-frequency input and generate accurate and
meaningful floor spectra at high frequencies. Estimates




of high-frequency amplification in cabinets containing
relays will also have to be developed. Rather than using
analysis, the following approach is more suitable:

1. Prepare a list of relays that are known to have high-
frequency sensitivity.

2. Screen relays that are known to have very high
HCLPFs (that is, eliminate them from further con-
sideration without performing specific response cal-
culations).

3. Assume that the remaining relays will chatter at the
review level earthquake.

4. Screen the remaining relays by showing either that
the electrical circuity is insensitive to high-frequency
chatter or that they can be recovered from changes
of state and associated false alarms.

5. Finally, replace the remaining relays with relays that
are not sensitive to high frequency (an alternative
approach is to show that the remaining relays are
rugged by conducting tests).

Although stated in the context of high-frequency ground
motion, this approach can be used to address the relay
chatter issue.

3243 Soil Failures

Soil failure analyses include an evaluation for instability,
settlement, and liquefaction.

Reduced Scope
No evaluation is necessary.

Focused Scope

EPRI NP-6041 contains guidance; a review based on ap-
propriate design and construction records is considered
adequate. A detailed analysis, as necessary, will be per-
formed if soil failure is deemed significant.

Full Scope and 0.5g

EPRI NP-6041 contains guidance; it is anticipated that
existing soil test data will be adequate. An evaluation of
plant site conditions using state-of-the-art approaches
should be performed if soil failure is deemed significant.

3244 Screening Criteria (Use of Screening Tables)

The screening guidance given in the Generic Implemen-
tation Procedure for Seismic Verification of Nuclear
Power Plant Equipment (GIP) may be used, provided a
review is conducted at the appropriate RLE, caveats in-
cluded in margins reports are observed, and limitations on
the use of the generic equipment ruggedness spectrum
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(GERS) are observed. Also, spatial interaction evalu-
ation, such as assessing the effects of flooding, as noted in
EPRI NP-6041, is retained.

Reduced Scope
Appendix B contains guidance.

0.3g Bin—Focused and Full Scope

The criteria in the < 0.3g column of NUREG/CR-4334,
Table 5.1, or EPRI NP-6041, Tables 2-3 and 2-4, should
be used.

0.5g Bin

The criteria in the 0.3-0.5g column of NUREG/
CR-4334, Table 5.1, or EPRI NP-6041, Tables 2-3 and
2-4, should be used.

3245 Seismic Input
Reduced Scope

For the evaluation, the SSE ground response spectra and
in-structure spectra should be used. New in-structure
response spectra, if developed, should be mean plus one
standard deviation to be consistent with the conservatism
in the design input. Any differences between the Final
Safety Analysis Report (FSAR) and new response spectra
should be highlighted and discussed.

Focused-Scope, Full-Scope, and 0.5g

For the evaluation, the NUREG/CR-0098 median rock
or soil spectrum (depending on primary condition at the
site) anchored at the assigned review level earthquake
should be used.

3.2.4.6 Evaluation of Outliers—HCLPF Calculations

Two approaches, fragility analysis (FA) and conservative
deterministic failure margin (CDFM), for computing
component and plant HCLPFs are acceptable. For the
NRC margins method, if the licensee initially chose the
CDFM method to calculate component and plant
HCLPF values, it is possible to make plant HCLPF state-
ments with and without the inclusion of nonseismic fail-
ures and human actions by developing complete fragili-
ties for the few components that remain in the plant-level
Boolean equations (optional).

As noted in EPRI NP-6041, use of the Generic Equip-
ment Ruggedness Spectrum (GERS) to estimate
HCLPFs should take into account the latest results from
ongoing work on the reconciliation of GERS and HCLPF.

Reduced Scope

Outliers should be evaluated for the provisions in the GIP
if the plant is also in the USI A-46 Program. For elements
outside the USI A-46 scope (structures and piping) the
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requirements of the plant FSAR should be used in the
evaluation. Since the evaluation is done at the design
Ievel, the outliers should be addressed in accordance with
10 CFR 50.72(b).

Focused Scope

The seismic capability evaluation engineers/seismic re-
view team may use judgment to rank the unscreened
structures and equipment from the lowest to the highest.
The licensee should determine the number, scope, and
type of HCLPF analyses with the aim of identifying vul-
nerabilities and ranking them. Reed et al. (1990) and
Rasin (1990) suggest that HCLPF capacities should be
calculated for the lowest one-third of the ranked compo-
nents; the remaining components should be assigned a
conservative HCLPF based on the highest calculated
HCLPFs. The assumed and calculated HCLPFs should
be reported.

Full Scope and 0.5g

HCLPFs for unscreened structures and componehts
should be calculated as needed to accurately characterize
plant HCLPFs and vulnerabilities and rank them.

3.2.47 Nonseismic Failures and Human Actions

These activities should be included; guidance on includ-
ing nonseismic failures and human actions is provided in
NUREG/CR-4826 (Maine Yankee evaluation) and in
two draft reports by Budnitz (1987 and 1990).

3.2.5 EPRI Seismic Margins Methodology

The guidance provided in EPRI NP-6041 is supple-
mented by that in the following sections to (1) reflect the
partitioning of the 0.3g screening criteria into the
reduced-scope, 0.3g focused-scope and 0.3g full-scope
bins identified in Table 3.1, and (2) identify enhance-
ments so that the method can be used for the implemen-
tation of the IPEEE.

3.2.5.1 Selection of Alternative Success Paths

The EPRI SMM as currently constituted calls for evalu-
ation of a preferred path and an alternative path. The
NRC panel that reviewed the EPRI methodology recom-
mended:

“... that a reasonably complete set of potential success
paths be set down initially, rather than a very small num-
ber, since limiting the number of success paths too quickly
can prevent the identification of some plant-level
HCLPF insights, and can mask plant differences regard-
ing defense-in-depth. The Panel believes that preliminary
analysis to narrow the number of paths to the required
two or three should begin with the fuller set, and it recom-
mends that this narrowing be documented in detail.”

NUREG-1407
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For IPEEE purposes, it is desirable that, to the maximum
extent possible, the alternative path involve operational
sequences, systems, piping runs, and components differ-
ent from those used in the preferred path. The procedure
used in the trial application of the EPRI methodology
(EPRI NP-6359) provides an acceptable approach for use
in selecting success paths (preferred and alternative).

3252 Walkdown
Same as Section 3.2.4.1.

3253 Relay Evaluation
Same as Section 3.2.4.2.

32.5.4 Soil Failures
Same as Section 3.2.4.3.

3.255 Screening Criteria (Use of Screening Tables)
Same as Section 3.2.4.4.

3256 Seismic Input
Same as Section 3.2.4.5.

32.5.7 Evaluation of Outliers—HCLPF Calculations
Same as Section 3.2.4.6.

32538

Success paths are chosen based on a screening criterion
applied to nonseismic failures and needed human actions.
It is important that the failure modes and human actions
are clearly identified and have low enough probabilities to
not affect the seismic margins evaluation. The screening
criteria used in the Maine Yankee margin evaluation
(NUREG/CR-4826) addressing both single-train and
multi-train systems is an acceptable approach. The redun-
dancies along a given success path should be specifically
analyzed and documented when they exist. (In a comple-
mentary sense, where a single component is truly “alone”
in performing a vital function along a success path, this
should be highlighted too). This information will serve to
indicate the extent to which a single failure would or
would not invalidate the plant’s ability to respond safely
to a given earthquake level.

Nonseismic Failures and Human Acticns

3.2.6 Containment Performance

The primary purpose of the evaluation for a seismic event
is to identify vulnerabilities that involve early failure of
containment functions. These include containment
integrity, containment isolation, prevention of bypass
functions, and some specific systems depending on a con-
tainment design (e.g., igniters, suppression pools, ice bas-
kets). The analyses performed for internal events IPE




should be used to determine the scope of systems for the
examination.

Each licensee should develop a plan to address contain-
ment performance during a seismic event consistent with
the above-defined purpose. Additional guidance (no re-
quirements implied) on extending margin-type ap-
proaches to obtain containment insights is contained in
Budnitz 19912 and 1991b, and Reed, et al., 1990. Some
general guidance is provided here based on past PRA
experience and some generic capacity estimates of typical
components involved in containment systems. From a
survey of past PRAs (Amico, 1989), it appears that high-
consequence sequences involve gross structural failure of
the containment itself or failure of major equipment or
structures within the containment at very high accelera-
tions (HCLPF values greater than 0.5g) and isolation
failure due to seismically induced relay chatter.

Generally, containment penetrations are seismically rug-
ged; a rigorous fragility analysis is needed only at review
levels greater than 0.3g, but a walkdown to evaluate for
vnusual conditions (e.g., spatial interactions, unique
penetration configurations) is recommended. An evalu-
ation of the backup air system of the equipment hatch and
personnel lock that employ inflatable seals should be
performed at all review levels. Also, some penetrations
need cooling, and the possibility and consequences of a
cooling loss caused by an earthquake should be con-
sidered.
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Valves involved in the containment isolation system are
expected to be seismically rugged (NUREG/CR-4734). A
walkdown to ensure that they are similar to test data and
have known high capacities and that there are no spatial
interaction issues will suffice. Seismic failures of actua-
tion and control systems are more likely to cause isolation
system failures and should be included in the examin-
ation. For valves relying on a backup air system, the air
system should also be included in the seismic examin-
ation.

Components of the containment heat removal/pressure
suppression functional system that are not included else-
where and are not known to have high capacities should
be examined. An example of such a component might bea
fan cooler unit supported on isolator shims. The walk-
down should include examination of such components
and their anchorages. Similarly, support systems and
other system interaction effects (e.g., relay chatter)
should be examined as applicable.

For Mark I and ice condenser containments, it is not
feasible to screen out components (e.g., torus, ice basket
support) on a generic capacity basis. The potential for
accident sequences initiated by a containment functional
failure should be examined.

3.3 Optional Methodologies

A licensee may request the staff to review any other
systematic examination method to determine its accept-
ability for IPEEE purposes.
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4 ACCEPTABLE METHODOLOGY FOR PERFORMING
THE INTERNAL FIRES IPEEE

For purposes of an IPEEE, a Level 1 probabilistic risk
assessment (PRA) is considered acceptable to identify
potential internal fire vulnerabilities at nuclear power
plants. Some fire issues identified in the Fire Risk Scop-
ing Study, (1) seismic/fire interactions, (2) effects of fire
suppressants on safety equipment, and (3) control system
interactions, should be addressed in the IPEEE. The
walkdown procedures of the IPEEE should address the
above issues and should be specifically tailored to assess
the potential vulnerabilities related to these issues. The
licensee should use a plant-specific data base on fire bri-
gade training in the IPEEE to assess the effectiveness of
manual fire fighting to determine the response time for
the manual fire fighters. The licensee should also show
the effectiveness of fire barriers in the IPEEE. The cur-
rent fire PRA method has its limitations (NUREG/CR-
5088, 1989) and significant “engineering judgment” must
be brought to bear once the PRA has been accomplished
to allow for sensible application of the results. The staff
believes that the type of “engineering judgment” needed
tointerpret the results of a PRA is fully within the compe-
tence of most fire-safety experts, including experts within
the regulatory staff. Further, despite current limitations
in the methodology, a fire “vulnerability search” in the
spirit of the Severe Accident Policy Statement and the
IPE exercise is feasible, and such a vulnerability search
need not wait for the completion of further methodology
development. Finally, in meeting the objectives of the
IPEEE, it is desirable to focus on relative insights rather
than on absolute core damage frequency.

4.1 New Fire PRA Analysis

There are several different approaches for the analysis
of fires (NUREG/CR-2300, 1983, NUREG/CR-2815,
1985, NUREG/CR-4840, 1990, and NUREG/CR-5259,
1990). Although not all fire PRAs delineate their analysis
steps in exactly the same way, the following steps, in one
form or another, should be part of any analysis.

4.1.1 Identify Critical Areas of Vulnerability

The criterion is whether a fire could compromise impor-
tant safety equipment. Emphasis should be placed on
areas where multiple equipment could be compromised,
in particular, several trains of redundant equipment to
perform the same safety function. Attention should be
given to the potential for cross-zone spread of fire and the
likelihood that transient fuels might supplement fuels
already present in a zone.

4.1.2 Calculate the Frequency of Fire
Initiation in Each Area

This calculation is sensitive to location within a larger
area, particularly if fuel loading conditions, cross-zone
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spreading potential, or other idiosyncrasies are consid-
ered. Also, the data base on fires in various areas should
be coupled with location-specific information obtained
from the plant walkdown and other experience to account
for uncertainties.

4.1.3 Analyze for the Disabling of Critical
Safety Functions

Determine the likelihood of equipment being disabled by
a fire. The areas to be addressed include:

1. Fire growth and spread, including the treatment of
hot gases and smoke.

2. Detection/suppression effectiveness and reliability.
Component fragility to fire and combustion prod-

ucts.
4. Probability estimates (distributions) for fault tree
quantification.
4.1.4 Identify Fire-Induced Initiating Events/
Systems Analysis

Perform the analysis to determine the frequency of fire
initiated accident sequences leading to core damage.

4.1.5. Perform Containment Analysis

Perform containment analysis if containment failure
modes differ significantly from those found in the IPE
internal events evaluation.

Perform in a fashion similar to an internal-initiator PRA.

4.2 Use of an Existing Fire PRA

The use of an existing fire PRA for the internal fires
IPEEE is acceptable provided the PRA reflects the cur-
rent as-built and as-operated status of the plant and the
licensee addresses the deficiencies of past PRAs that are
identified in the Fire Risk Scoping Study (NUREG/
CR-5088). Deficiencies may include the use of low condi-
tional failure probabilities for dampers and penetrations,
no consideration of damage from the use of fire suppres-
sants, inappropriate estimates of the effectiveness of
manual fire fighting, and no consideration of seismic/fire
interactions.

4.3 Optional Methodologies

A licensee may request the staff to review any other
systematic examination method to determine its accept-
ability for IPEEE purposes.




S ACCEPTABLE METHODOLOGY FOR PERFORMING THE HIGH WINDS,
FLOODS, AND TRANSPORTATION AND NEARBY FACILITY ACCIDENT
IPEEE

For the purposes of an IPEEE, the staff recommends a
progressive screening approach to identify potential vul-
nerabilities at nuclear power plants due to high winds,
floods, and transportation and nearby facility accident.
The owners of Trojan and Washington Nuclear Plant 2,
who are requested to evaluate the effects of volcanic
activities in assessing severe accident vulnerabilities,
should determine if the recommended screening ap-
proach is applicable to their unique situation.

5.1 Introduction

It is assumed that the IPE for internal events will be in
progress or completed when the portion of the IPEEE
pertaining to high winds, floods and transportation and
nearby facility accident is being performed. Some exter-
nal events will be addressed in the internal events IPE
analyses (e.g., the primary effect of lightning is loss of
offsite power, which is included in the internal events
analyses); other external events will have been screened
from further consideration by the staff. For those external
events not in either of these categories, further considera-
tion using the progressive screening approach shown in
Figure 5.1 is recommended.

5.2 Analytical Procedure

The steps shown in Figure 5.1 represent a series of analy-

ses in increasing level of detail, effort, and resolution.
However, the licensee may choose to bypass one or more
of the optional steps as long as the 1975 Standard Review
Plan (SRP) (NUREG-75/087) criteria are met or the
potential vulnerabilities are either identified or demon-
strated to be insignificant.

In general, the containment structure, equipment hatch,
personnel air lock, and other penetrations are designed
and constructed to have high capacities in resisting the
effects of high winds, floods, and overpressure induced by
transportation or nearby facility accidents. Therefore, no
additional containment performance assessment (beyond
that discussed for the seismic portion of the IPEEE in
Sections 3.1.1.5, 3.1.2, and 3.2.6) is needed unless a licen-
see predicts or identifies plant-unique accident sequences
different from those determined by the internal events
IPE.
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5.2.1 Review Plant-Specific Hazard Data and
Licensing Bases

All licensees should review the information on plant de-
sign hazard and the licensing bases, including the resolu-
tion of each event.

5.2.2 Identify Significant Changes Since OL
Issuance

All licensees should review the site for any significant
changes since the operating license was issued with re-
spect to (1) military and industrial facilities within 5 miles
of the site, (2) onsite storage or other activities involving
hazardous materials, (3) transportation, or (4) develop-
ments that could affect the original design conditions.

5.2.3 Determine if the Plant/Facilities Design
Meets 1975 SRP Criteria

All licensees should compare the information obtained
from the review discussed in Sections 5.2.1 and 5.2.2 for
conformance to 1975 SRP criteria and perform a confirm-
atory walkdown of the plant. The walkdown would con-
centrate on outdoor facilities that could be affected by
high winds, onsite storage of hazardous materials, and
offsite developments. If the comparison indicates that the
plant conforms to the 1975 SRP criteria and the walk-
down reveals no potential vulnerabilities not included in
the original design basis analysis, it is judged that the
contribution from that hazard to core damage frequency
is less than 10-¢ per year and the IPEEE screening crite-
rion is met.

Otherwise or if a licensee knows that the 1975 SRP crite-
ria will not be met, it should take one or more of the
optional steps given in Sections 5.2.4, 5.2.5, and 5.2.6 to
further evaluate the situation.

5.2.4 Determine if the Hazard Frequency is
Acceptably Low (Optional Step)

If the original design basis does not meet current regula-
tory requirements, the licensee may choose to demon-
strate that the original design basis is sufficiently low—
that is, less than 10-8 per year, and the conditional core
damage frequency is judged to be less than 10-1.

If the original design basis hazard combined with the
conditional core damage frequency is not sufficiently low
(i.e., less than the screening criterion of 10-€ per year),
additional analysis may be needed.
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(1) Review Plant Specific Hazard Data and Licensing Bases
(FSAR)
(2) ldentify Significant Changes, if any, since OL Issuance
¢ NO__ | (3) Does Plant/Facilities Design Meet 1975 SRP Criteria? YES 3
(Quick Screening & Walkdown) ‘
_OR o1 (4) Is the Hazard Frequency Acceptably Low? | YES o
NO y
OR 5) Bounding Analysis YES
> ( (Response/Consequence) >
NO {
OR
————>»{ (6) PRA
(7) Documentation <
(Incl. ldentified Reportable Iltems and Proposed Improvements

Figure 5.1 Recommended IPEEE Approach for Winds, Floods, and Others

5.2.5 Perform a Bounding Analysis
(Optional Step)

This analysis is intended to provide a conservative calcula-
tion showing that either the hazard would not result in
core damage or the core damage frequency is below the
reportingcriterion. The level of detail is that level needed
to demonstrate the point; judgment is needed for deter-
mining the proper level of detail and needed effort.

5.2.6 Perform a Probabilistic Risk
Assessment (Optional Step)

A probabilistic risk assessment (PRA) consists of the fol-
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lowing key elements: hazard analysis, fragility evaluation,
plant systems and accident analysis (event/fault trees),
and radioactive material release analysis. The detailed
procedure is described in NUREG/CR-2300, NUREG/
CR-2815, and NUREG/CR-5259. If the core damage
frequency is less than 10-8 per year, the event need not be
considered further. The level of detail is that level needed
to conclude that the core damage frequency is low or to
find vulnerabilities.

5.3 Optional Methodologies

A licensee may request the stalf to review any other
systematic examination method to determine its accept-
ability for IPEEE purposes.




6 COORDINATION WITH ONGOING PROGRAMS

6.1 Introduction

If unnecessary duplication of effort is to be avoided, coor-
dination with ongoing programs is necessary. The first
level of coordination consists of the three major elements
related to the implementation of the Severe Accident
Policy, that is, coordination of the IPEEE with the inter-
nal events IPE and accident management. The second
level of coordination consists of the three major elements
of the IPEEE, that is, scismic events, internal fires, and
high winds, floods, and others. The third level of coordi-
nation consists of each major element of the IPEEE, for
example, seismic events, and the ongoing programs re-
lated to that element.

6.2 Description of Ongoing Programs

6.2.1 IPE Program Related to Internal
Events

In Generic Letter 88-20, the NRC requested that the
licensee of each plant to perform a systematic exam-
ination to identify any plant-specific vulnerabilities to
severe accidents and to report the results to the staff. The
process was defined as an individual plant examination
(IPE). Licensees were requested to proceed with the ex-
aminations for internally initiated events only (including
internal flooding). Examination of externally initiated
events would proceed separately and on a later schedule.
However, while performing the IPE for internally initi-
ated events, licensees were advised to document and re-
tain plant-specific data relevant to external events so that
they can be readily retrievec in a convenient form when
needed for later external event analyses.

6.2.2 Programs Related to External Events

622.1 Seismic Programs

The following is a brief description of the programs re-
lated to seismic events:

1. USI A-17, “System Interactions in Nuclear Power
Plants,” addresses NRC’s concerns regarding the
interaction of various systems with regard to
whether actions or consequences could adversely
affect the redundancy and independence of safety
systems. The evaluation of system interactions re-
lated to internal events and internal floods is in-
cluded in the IPE (GL 88-20). The evaluation of

- spatial system interaction under seismic conditions
(the SSE) is included in USI A-46.

2. USI A-40, “Seismic Design Criteria,” investigates
selected areas of the seismic design process. The
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staff identified alternative approaches to certain de-
sign procedures and modifications to the NRC crite-
ria in the Standard Review Plan to reflect the cur-
rent state of the art and industry practice. The
concern for the seismic capacity of safety-related
above-ground tanks (at the SSE) is included in USI
A—46.

USI A-45, “Shutdown Decay Heat Removal
Requireménts,” has the objective of determining
whether the decay heat removal function at operat-
ing plants js adequate and if cost-beneficial improve-
ment could be identified. USI A-45 was subsumed in
the IPE (GL 88-20); therefore, the external event
aspects including the seismic adequacy of the decay
heat removal systern should be included in the
IPEEE.

USI A-46, “Verification of Seismic Adequacy of
Equipment in Operating Plants” has developed an
alternative method and acceptance criteria (to cur-
rent licensing requirements) to verify the seismic
adequacy of equipment in some operating plants
with construction permit applications docketed be-
fore about 1972. All these plants will be reviewed to
the existing safe shutdown earthquake (SSE). The
scope of USI A-46 has been expanded to cover the
seismic spatial system interaction of USI A-17 and
the concern of USI A-40 for the seismic capability of
large safety-related above-ground tanks.

GI-131, “Potential Seismic Interaction Involving
the Movable In-Core Flux Mapping System Used in
Westinghouse Plants,” was identified because por-
tions of the in-core flux mapping system that have
not been seismically analyzed are located directly
above the seal table. Failure of this equipment dur-
ing a seismic event could cause multiple failures at
the seal table and could produce an equivalent
small-break LOCA.

The “Eastern U.S. Seismicity Issue” (formerly the
Charleston Earthquake Issue) came about as a re-
sult of a U.S. Geological Survey letter in 1982 that
pointed out the possibility that large, damaging
earthquakes have some likelihood of occurring at
locations that had not been considered in licensing
decisions. The staff initiated the Seismic Hazard
Characterization Project at LLNL, which provided

. probabilistic seismic hazard estimates for all nuclear

power plant sites east of the Rocky Mountains. A
similar project was carried out by EPRI for the elec-
tric utility industry. The staff’s purpose in evaluating
the probabilistic studies has been to identify plants
in the Central and Eastern United States where past
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licensing decisions may have resulted in their being
outliers with respect to seismic hazard, that is, the
likelihood of exceeding their design bases. As a re-
sult of the probabilistic analyses performed, eight
plants at five Eastern U.S. sites were identified as
being outliers. The IPEEE will provide a resolution
for the outlier plants with no need for additional
analyses or documentation from the licensees.

6.222 Internal Fires Programs

The following is a brief description of programs related to
internal fires:

1. NUREG/CR-5088, “Fire Risk Scoping Study,”
identifies some fire issues that had not previously
been addressed in the fire PRASs: fire growth code,
seismic/fire interaction, fire barrier effectiveness,
manual fire fighting effectiveness, effects of fire sup-
pressants on safety equipment, and control system
interactions. A plant-specific analysis (including a
specifically tailored walkdown) should be performed
to assess the actual risk impact of these issues at a
plant.

2. GI-57, “Effects of Fire Protection System Actuation
on Safety-Related Equipment,” assesses the impact
of inadvertent actuation of fire protection systems
on safety systems. This is one of the issues identified
in the Fire Risk Scoping Study. The industry,
through EPR], has a program collecting data on the
effects of suppressants on the safety equipment.

3. USI A-45, “Shutdown Decay Heat Removal Re-
quirements,” was initiated to determine if the decay
heat removal function at operating plants is ade-
quate and if cost-beneficial improvement could be
identified. The USI A—45 was subsumed in the IPE
(GL 88-20); therefore, the adeqgunacy of the decay
heat removal system under internal fires should be
addressed in the fire IPEEE.

6.22.3 External Flooding Program

GI 103, “Design for Probable Maximum Precipitation
(PMP),” is a related external flooding issue. The staff
provided the resolution of this issue to all licensees in
Generic Letter 89-22, dated Oct. 19, 1989. Specifically,
the NRC requested that future plants be designed against
a new PMP criterion. For existing plants, the NRC recom-
mended that licensees review the information contained
in Generic Letter 89-22 and determine if they need to
take additional action. For the IPEEE, the severe acci-
dent risk from PMP should be assessed. The licensees
should assess the effects of applying this new PMP crite-
rion to their plants in terms of onsite flooding and roof
ponding to determine whether that would lead to severe
accidents.
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6.3 Approach on Coordination with
Ongoing Programs

If duplication of effort by the staff and licensees is to be
avoided, it is important that the above ongoing programs
be coordinated.

6.3.1 Coordination With Internal Events
Program (IPE)

The coordination between the internal events IPE and
the IPEEE can be categorized into three phases:
preanalyses planning, plant modifications, and accident
management.

6.3.1.1 Preanalyses Planning

Considerations include (1) definition of elements and
their boundaries, (2) walkdown procedures and spatial
interactions, and (3) composition of the peer review
group. It is likely that the IPE will precede the IPEEE.
Careful planning, taking into account the above consid-
erations, will avoid a duplication of effort by the licensee.

6.3.1.2 Plant Modifications

Since the IPE and the IPEEE are likely to be performed
separately, it isimperative to examine the impact of modi-
fications identified during the IPE on external events and
vice versa. The staff examined several PRAs that included
both internal events and external events (Bohn, 1989) to
identify possible interactions. Highlights of the major
findings in the seismic area (which to some extent are
applicable to fire), are the following:

1. Ingeneral, the modifications proposed as a result of
the internal events analysis would not adversely
affect the seismic or fire risk, provided the modifica-
tions do not become weak links.

2. Ingeneral, the modifications made could potentially
contribute to an increase in risk at the plant in the
following ways:

a. Many of the modifications proposed may in-
volve adding valves or suction lines to existing
systems. Thus, the possibility of violating the
pressure boundary and creating a potential di-
version exists if the modification were to fail
during an earthquake. Also, modifications may
involve routing different trains of electrical
power or power from adjacent units. The possi-
bility exists that the circuitry could be designed
in such a way that failure of non-safety-related
electrical componénts could actually defeat the
circuitry that was desired to provide redun-
dancy, and




b. The possibility exists that inadequate anchor-
age could defeat the planned redundancy dur-
ing a seismic event.

3. The potential adverse effects of the modifications
include:

a. Poor accessibility for maintenance,

b. Stiffening of systems leading to higher stress
due to thermal cycles during normal plant op-
eration.

The cited study (Bohn, 1989) provides specific examples
of modifications and their effects on other initiating
events.

6.3.1.3 Accident Management

Guidance on the integration of findings from the IPEEE
and accident management is being developed (SECY-
89-308, Oct. 1989).

6.3.2 Coordination Among External Events
Programs

The issue of integration between external events primar-
ily involves interactions between seismic events and fires
and seismic events and floods. Seismically induced fires
and floods are to be addressed as part of the IPEEE. The
effects of seismically induced fires and the impact of inad-
vertent actuation of fire protection systems on safety sys-
tems should be addressed. The effects of seismically in-
duced external flooding and internal flooding on plant
safety should be included. The scope of the evaluation of
seismically induced floods, in addition to that of the exter-
nal sources of water (e.g., tanks, upstream dams), should
include the evaluation of some internal flooding consis-
tent with the discussion in Appendix I of EPRI NP-6041.
The coordination between the seismic and the fire or
flood analysts should be based on the following:

1. The seismic analysts should generally search for and
identify the initiating events (certain specific seis-
mically initiated failures of equipment or structures)
that can cause fires or floods, and

2. The seismic and fire or flood analysts should also
discuss other concurrent seismically induced fail-
ures or possible effects on human actions and then,
proceed to complete the rest of the IPEEE analysis.

The coordination should include a meeting, prior to seis-
mic walkdown, in which the fire and flood analysts discuss
the key issues, how the analysis will be done, and what to
look for. The fire or flood analyst may need to participate
in parts of the seismic walkdown or revisit the areas iden-
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tified during the seismic walkdown to grasp the issues
from the seismic-capacity point of view.

6.3.3 Coordination With Seismic Programs

A number of programsrelated to seismic events requiring
licensee action have been identified. Many of these pro-
grams have arisen as a result of the changing perception
of hazards and revisions in the design and qualification
criteria. There are two categories of seismic programs as
they relate to the seismic IPEEE. The first category in-
volves programs, e.g., USI A~45, “Shutdown Decay Heat
Removal Requirements”, GI-131, “Potential Seismic In-
teraction Involving the Movable In-Core Flux Mapping
System Used in Westinghouse Plants,” and “the Eastern
U.S. Seismicity Issue,” that have been subsumed into the
IPE/IPEEE. USI A-45 and GI-131 should be specifically
addressed as part of the seismic IPEEE. The Eastern U.S.
Seismicity Issue requires no additional licensee actions or
reporting. The second category involves programs (e.g.,
USI A-46, “Verification of Seismic Adequacy of Equip-
ment in Operating Plants,”) that can be coordinated with
the seismic IPEEE. The coordination of these programs
with the seismic IPEEE is most beneficial in reducing the
resources expended by the licensee and the staff.

6.3.3.1 USI A-45 and GI-131

The methodology used in the seismic IPEEE can also be
used to address USI.A-45 and GI-131. The systems and
components for addressing USI A—45 will have been de-
termined by the internal events IPE, and the purpose of
the seismic IPEEE is to identify any significant and
unique seismic vulnerabilities in the decay heat removal
function. In addition, the seismic IPEEE will evaluate the
potential seismic interaction of the movable in-core flux
mapping system used in Westinghouse plants.

Capacities of decay heat removal components can be
established using either the fragility analysis (FA) or
conservative deterministic failure margin (CDFM)
approaches depending upon the methodology chosen to
implement the seismic IPEEE. Thus resolution of these
issues can be easily accomplished during the seismic
IPEEE evaluation.

The potential interaction between the seal table and non-
Category I seismic systems associated with the movable
in-core flux mapping system can be identified during the
seismic walkdown of the IPEEE. If needed, the compo-
nent capacities or consequences of component failure can
be evaluated using the same procedures that are used in
the seismic IPEEE.

6.3.3.2 The Eastern U.S. Seismicity Issue (The
Charleston Earthquake Issue)

Asaresult of work carried out to resolve the Eastern U.S.
Seismicity Issue (Charleston Earthquake Issue), probabil-
istic seismic hazard estimates exist for all nuclear power
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plants east of the Rocky Mountains. These should be used
directly by any licensee in that region opting to satisfy the
seismic IPEEE with a seismic PRA. The hazard estimates
also played a key. role in determining the review level
earthquake used in the seismic margins methodology op-
tion. The IPEEE will provide a resolution for this issue
without requiring additional analyses or documentation
from licensees.

6.3.33 USIA-46

Implementation of the USI A-46 program involves plants
with construction permit applications docketed before
about 1972. The USI A-46 plants thus form a subset of all
the nuclear power plants in the U.S. that are requested to
perform the seismic IPEEE.

The most efficient way to address the ongoing seismic
programs for USI A-46 plants is to conduct the A-46
review and walkdown to gather relevant information for
the seismic IPEEE. In order to facilitate this approach,
the activities of USI A-46 and the seismic IPEEE need to
be coordinated, and the plant walkdown needs to be well
planned. Several inherent differences between the A-46
program and the seismic IPEEE should be noted at the
outset before attempting to coordinate the two programs.

First, the objectives are quite different. The USI A-46
program has licensing implications on plant operation;
this program will assess and ensure the seismic rugged-
ness of safety-related equipment in a plant to withstand
the SSE. The seismic IPEEE, on the other hand, gener-
ally tries to identify plant vulnerabilities when subjected
to earthquake levels higher than the SSE design basis.

Second, the scope of the reviews are different. USI A-46
is concerned with only one success path (with some re-
quirement on equipment redundancy) of equipment
needed to bring the plant to safe shutdown in the event of
an earthquake and maintain it there for at least 72 hours.
The scenario considers an earthquake of the SSE level
with a possible loss of offsite power because of this earth-
quake. The probabilities of a seismically induced LOCA
(small or large) and a high-energy line break (HELB)
occurring are judged to be low enough that their consid-
eration at this earthquake level is not warranted. Piping,
tubing, and structures will be examined during a walk-
down only if they have the potential to cause seismic
interaction with the equipment reviewed and cause dam-
age to this equipment. The review of above-ground tanks
(as part of USI A-40) is an exception. The seismicIPEEE
is concerned with the vulnerabilities of the whole plant,
not just the equipment. Also, evaluations are generally
made at levels above the design basis. At this level of
earthquake, seismically induced LOCAs are considered,
and mitigating systems and equipment to address this
initiator are reviewed. Therefore, even if the EPRI seis-
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mic margins methodology is utilized to implement the
seismic IPEEE (since it is quite similar to the USI A-46
evaluation), it would need additional equipment to be
reviewed over that required for implementing USI A—46.

Third, the levels of review and walkdown are different.
The Seismic Qualificatiori Utility Group (SQUG) and
EPRI have developed a detailed Generic Implementa-
tion Procedure (GIP) for the USI A—46 review and walk-
down that was reviewed by the NRC staff, and a Safety
Evaluation Report (SER) was issued. The GIP should be
followed in performing the USI A-46 review and walk-
down. The guidelines associated with the seismic PRA or
seismic margins methodology are not as specific as those
in the GIP. To illustrate this point, in the walkdown re-
view of expansion anchor bolts, GIP calls for the use of a
wrench test for the bolt tightness check, whereas the
margins walkdown ensures only that the anchor bolts are
adequate to hold down the equipment as designed withno
specific testing requirements to confirm anchor capacity.
The completion of the seismic IPEEE does not automati-
cally mean that the USI A—46 review is satisfactorily com-
pleted.

There may be overlaps or differences in the equipment
scope for USI A-46 and the seismic IPEEE. For equip-
ment that is within the scope of USI A-46 or the seismic
IPEEE only, it is clear that either GIP or IPEEE guide-
lines, respectively, should apply. For the overlapping
equipment, the efficient approach is to use the GIP for
both walkdowns; however, the IPEEE should use the
review level earthquake. Caveats and interaction (such as
flooding) provisions of EPRI NP-6041 should be ob-
served.

In summary, it is recommended that licensees coordinate
the information collection for the USI A-46 and seismic
IPEEE review and walkdown in order to minimize or
avoid duplication of effort by the licensees and staff. Care
should be exercised in the coordination to ensure that the
objectives of both programs are fulfilled. Coordination of
the two programs has been shown to be feasible in the
trial evaluation of the Hatch plant using the EPRI seismic
margins methodology.

6.3.4 Coordination With Other Issues

In addition to the specific USIs and GIs discussed above,
if, during its IPEEE, a licensee (1) discovers a notable
vulnerability that is topically associated with any other
USI or GI and proposes measures to dispose of the spe-
cific safety issue or (2) concludes that no vulnerability
exists at its plant that is topically associated with any USI
or GI, the staff will consider the USI or GI resolved for a
plant upon review and acceptance of the results of the
IPEEE. The following should be discussed:




The ability of the methodology to identify vulner-
abilities associated with the USI or GI being ad-
dressed.

The contribution of each USI or GI to core damage
frequency or unusually poor containment perform-

6. Coordination with Ongoing Programs
ance, including sources of uncertainty when PRA is

used.

c. The technical basis for resolving the issue.
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7 PEER REVIEW

In Supplement 4 to Generic Letter 88-20, the staff re-
quests that each licensee conduct a peer review by indi-
viduals who are not associated with the initial evaluation
to ensure the accuracy of the documentation and to vali-
date both the IPEEE process and its results. The submit-
tal should contain, as a minimum, a description of the
review performed, the results of the review team’s evalu-
ation, and a list of the review team members.

The purpose of the peer review is twofold. The first pur-
pose is to provide quality control and quality assurance to
the IPEEE process. Independence of the review team is
desirable because it reflects a quality control and quality
assurance attitude. This does not imply that the staff is
seeking a review or document control similar to that
specified in Appendix B to 10 CFR-Part 50. The staff does
seek to ensure that the IPEEE process produces reliable,
factual information. If it is necessary to use a reviewer
who is not totally removed from the plant-specific IPEEE
process, the licensee should be confident that the re-
viewer can be objective and capable of providing a critical
review. The “in-house” team can be supplemented by out-
side consultants as determined appropriate by the licen-
see.

The second purpose of the review relates to the impor-
tance of having utility personnel cognizant of the IPEEE.
The maximum benefit to the utility would occur if the
combination of persons involved in the original analysis
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and peer review, taken as a group, provide both a cadre of
utility personnel to facilitate the continued use of the
resultsand the expertise in the methods to ensure that the
techniques have been correctly applied. The staff expects
all utilities to have in-house personnel who have the most
expert knowledge of their plants, system configurations,
and operating practices and procedures.

The staff recommends that the peer review team have
combined experience in the areas of systems engineering
and specific external events. For example, the seismic
peer review team should have combined experience in the
areas of sytems engineering, seismic capacity engineering,
and seismic PRAs or seismic margins methodologies.

7.1 Seismic Related Insights

Three trial plant applications of the seismic margins
methodologies have demonstrated that considerable
judgment is involved in applying these methods, and that
peer review groups have considerably aided this judgment
and have also enhanced the overall credibility of the stud-
ies (Davis, 1990).

A meeting of the peer review team with the seismic re-
view team prior to the plant walkdown will provide in-
sights into the appropriateness of the proposed plant
walkdowns. Also, the peer review team’s endorsement of
the final results will add credibility to the HCLPF
estimates.




8 DOCUMENTATION AND REPORTING

The IPEEE should be documented in a traceable manner
to provide the basis for the findings. This can be dealt with
most efficiently by a two-tier approach. The first tier
consists of the results of the examination, which will be
reported to the NRC for review. The second tier is the
documentation of the examination itself, which should be
retained by the licensee for the duration of the license
unless superseded.

The information submitted to the NRC should be organ-
ized and presented in accordance with Appendix C. The
submittal may enable many issues to be dealt with in the
IPEEE review. Pertinent issues are discussed in Section 6.
For some issues, for example, USI A-46, a detailed docu-
mentation requirement exists, and it should be followed
in the broad framework of IPEEE submittals. Specific
information relevant to particular issues, e.g., USIs and
Gls, should be identified.

25

8.1 Information Submitted to the NRC

A detailed list of information to be submitted to the NRC
is provided in Appendix C.

8.2 Information Retained for Audit

Retained documentation should include applicable event
trees and fault trees, current versions of the system note-
books (if applicable), walkdown reports, and the results of
the examination. In general, all documents essential for a
practitioner in the field to understand what was done in
the IPEEE should be retained. In addition, the manner in
which the validity of these documents has been ensured
should be documented. Hf credit is allowed in the IPEEE
for any actions taken by the operators, the licensee should
have established plant procedures to be used by the plant
staff responsible for managing a severe accident should
one occur. Procedures should provide assurance that the
operators can and will take the proper action.
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The seismic margins methodology was designed to dem-
onstrate sufficient margin over the Safe Shutdown Earth-
quake (SSE) to ensure plant safety and to find any “weak
links” that might limit the plant shutdown capability to
safely withstand a seismic event larger than the SSE or
lead to seismically induced core damage. The methodol-
ogy involves the screening of components based on their
importance to safety and seismic capacity. The seismic
margins method utilizes two review or screening levels
geared to peak ground accelerations of 0.3g and 0.5g. In
areas of low to moderate seismic hazard, most plants that
have been evaluated using PRAs or margins studies have
been shown to have HCLPFs at or below 0.3g. Past expe-
rience indicates that, at the 0.3g screening level, a small
number of “weak links” are likely to be identified, effi-
ciently defining the dominant contributors to seismically
induced core damage. It is the staff’s judgment that the
use of a 0.3g review level earthquake for most of the
nuclear power plant sites in the Central and Eastern
United States (east of the Rocky Mountains) would serve
to meet the objectives of the IPEEE.

All sites east of the Rocky Mountains, however, are not

subject to the same level of earthquake hazard. The re--

cent studies by LLNL (NUREG/CR-5250) and EPRI
(EPRI NP-6395-D) show significant differences depend-
ing on location and specific site conditions. Because the
two studies do not necessarily agree with each other, it
was deemed necessary to use both studies in determining
which review level earthquake should be assigned to each
site. Hazard comparisons were made using the median,
85th percentile, and mean from the site-specific results
provided by the LLNL and EPRI studies. Based on the
sensitivity tests and engineering and seismological judg-
ment, the staff has defined the review level earthquake
for each site (0.3g, 0.5g, or reduced scope) in Table 3.1. A
second criterion, plant design basis, was used to subdivide
the 0.3g bin. The subdivision, based on a composite condi-
tional probability of exceeding the SSE for each nuclear
power plant, resulted in plants within the 0.3g bin being
assigned a full-scope or focused-scope review.

The sites in the Western United States (west of the Rocky
Mountains) are treated differently. Those sites in coastal
California where the seismic hazard is much higher and
the resulting design bases are greater than 0.5g cannot
make use of the margins methodology. The other plant
sites in the West should use a 0.5g review level earth-
quake unless it can be demonstrated that the seismic
hazard level at a particular plant site is consistent with the
seismic hazard at the 0.3g bin plant sites east of the Rocky
Mountains. Western sites that show such a consistency in
seismic hazard will conduct the full-scope 0.3g margins

review. The results of the binning for the plants in the
Western United States are presented in Table 3.2.

The ratiounale for the selection of the review level earth-
quakes (RLEs) and the grouping of the plants east of the
Rocky Mountains is discussed below.

A.1 Introduction

The specification of a review level earthquake (RLE) for
use in carrying out an individual plant examination for
external events (IPEEE) has been a complex problem
involving the search for consistency. It would be prefer-
able if the selection of the RLEs were completely consis-
tent with the individual plant examination (IPE) for inter-
nal events and the inherent strengths of the seismic mar-
gins methodologies, but it is very difficult to satisfy all of
these elements in any rigorous quantitative sense. Thus,
for example, attempting to equate the review level earth-
quake to the reporting criteria in the IPE (mean sequence
frequency leading to core damage of 10-® per year) is
fraught with difficulties because of the large uncertainties
in numerical estimates of seismically induced core dam-
age, the inappropriateness of a comparison between nu-
merical estimates of seismically and internally induced
core damage (the source and treatment of uncertainty can
be quite different), and the inherent difficulties in relat-
ing the output of a seismic margins study (HCLPF) to
estimates of core damage frequency. For some of the
same reasons, it was recognized that external initiators,
including earthquakes, need not necessarily be treated in
the same manner as internal initiators in implementing
the Severe Accident Policy. It should be noted that the
RLE defines a reporting level. A HCLPF value lower
than RLE does not necessarily represent a plant vulner-
ability. However, the licensee should assess the signifi-
cance of HCLPF values lower than RLE and take any
necessary actions and make other improvements that are
deemed appropriate by the licensee.

A.2 General Evaluation Procedure

A.2.1 Data Evaluated

The staff has recommended three review level earth-
quakes to be used when applying the seismic margins
methodology to nuclear power plants east of the Rocky
Mountains for the IPEEE. The review levels or “bins” are
0.5g, 0.3g, and a reduced-scope level. The basic informa-
tion used was the Lawrence Livermore National Labora-
tory (LLNL) hazard study (NUREG/CR-5250) and the
Electric Power Research Institute (EPRI) hazard study
(EPRI NP-6395-D). These studies represent state-of-
the-art estimates of seismic hazard. Because the two
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studies do not necessarily agree with each other, it was
deemed necessary to use them both in determining which
bin a particular site belonged in.

In the LLNL study (NUREG/CR-5250), it was noted
that, for some sites, the mean estimates of seismic hazard
were dominated by the input of one ground motion expert
(No. 5). This, dominance was caused by the low attenu-
ation, high uncertainty, and relatively high motion on rock
found in this expert’s input. This input has received a
great deal of attention, and some have argued that it is
inconsistent with the data. The staff requested LLNL (as
a sensitivity study) to calculate the hazard at nuclear
power plant sites east of the Rocky Mountains leaving out
the input of this expert.

Data from the Saguenay Event in Quebec, Canada (No-
vember 1988), the largest earthquake in eastern North
America in 50 years, appears to be quite different from
previous data sets and has not helped to resolve the con-
troversy. At this time, in order to avoid relying exclusively
on the LLNL results that include the input of expert No.
5, the staff is treating the LI.NL hazard estimates based
on the other four ground motion experts as a separate
study when binning nuclear power plant sites for IPEEE.

A.2.2 Comparison Procedure

Hazard comparisons were made using the mean, median,
and 85th percentile from the site-specific results provided
by the LLNL and EPRI studies. Each of these pieces of
information represents a different way of characterizing
the distribution of seismic hazard estimates at each site as
determined by a particular study.

Mean: The mean is a commonly used statistic that can be
assigned actuarial significance. However, because of the
skewed nature of the distribution, it is also a highly unsta-
ble (with respect to methodology and input assumptions)
view of hazard. The mean is highly sensitive to the charac-
terization of the extremes of the distribution.

Median: The median is more stable than the mean and
shows the greatest agreement between the LLNL and
EPRI studies. However, it is only the 50th percentile of
the hazard and is insensitive to the extent of uncertainty.

85th Percentile: An alternative candidate to the mean is
the 85th percentile. It reflects uncertainty in that it indi-
cates the breadth of the distribution, but it is less sensitive
to extreme outliers.

A.2.3 Weighting Criteria
In the past, great emphasis has been placed on the likeli-

hood of exceeding peak ground acceleration (PGA). In
this evaluation, site hazard comparisons were made using
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response spectra and PGA. The likelihoods of exceeding
spectral response accelerations in the 2.5 to 10 Hz range
were examined because these frequencies are more
closely related to the types of motion that could cause
damage at nuclear power plants. Unit weights (2/7th
each) were assigned to the likelihoods of exceeding spec-
tral response ordinates at 2.5, 5, and 10 Hz. One-half unit
weight (1/7th) was assigned to the likelihood of exceeding
the PGA.

A.2.4 Ranking Criteria

Emphasis was placed on the relative ranking of sites with
respect to other sites using the same seismic hazard study,
statistic, and ground motion measures. Extensive use was
made of a clustering methodology developed by LLNL
for the NRC (Bernreuter et al., 1989a, 1989b). For a given
hazard study, statistic, ground motion measure and refer-
ence level, this methodology divides the ensemble of sites
into groups so that the sites in any one group are “close”
to each other with respect to seismic hazard. For example,
the sites may be divided into groups based on mean esti-
mates of exceeding 0.5g PGA from the EPRI study or
median estimates of exceeding the 2.5 Hz spectral re-
sponse (associated with the NUREG/CR-0098 response
spectrum anchored at 0.3g) from the LLNL five-expert
study. Although there were a fixed number of groups, no
minimum number of sites were in a group, and indeed
some groups contained only one site.

A.2.5 Spectral Shape

The spectral shape associated with the 0.3g screening
level was assumed to be the median NUREG/CR-0098
spectrum anchored at 0.3g. There has been some discus-
sion that the screening level should actually be associated
with a somewhat higher ground motion (the Seismic
Qualification Utility Group (SQUG) bounding spectrum)
but in this relative comparison, the use of this alternative
spectrum would make little or no difference.

A.3 Specific Binning Procedure

AJ3.1 Initial Binning Evaluation

As the first step, sites that consistently fell into the group
that had the highest likelihood of exceeding the 0.3g
NUREG/CR-0098 5% damped median spectrum were
conditionally assigned to the 0.5g bin. Sites that fell into
the group that had the lowest likelihood of exceeding the
0.3g NUREG/CR-0098 5% damped spectrum were as-
signed to the reduced-scope bin.

The ground motion measure compared was the weighted
combination of 2.5 Hz, 5§ Hz, 10 Hz and PG A. The individ-
val consistency criteria used were:

1. Agreement among the LLNL five-expert, LLNL
four-expert, and EPRI studies, and



2. Agreement between the median and either mean or
85th percentile statistics.

This resulted in a comparison of nine separate hazard
groupings (three pieces of information for each of the
three studies).

For example, if a particular site fell in the top group (0.5g
bin) for all of the criteria except the EPRI median, it
remained in the 0.3g bin. The conclusions must be sup-
ported by all the hazard studies. On the other hand, if a
particular site fell in the bottom group for all of the
criteria except for the LLNL four- and LLNL five-expert
mean estimates, it was included in the reduced-scope bin.
Only one measure of uncertainty, mean or 85th percen-
tile, needs to be satisfied.

A3.2 0.3g Bin Subdivision

The staff investigated the potential for using the seismic
design basis as a parameter for making the initial binning
assignments. There was insufficient technical basis for its
use; thus it was not used for the initial binning. However,
when combined with hazard and engineering judgment,
the use of the seismic design provided a basis for an
overall cost-effective reduction in the scope of the 0.3g
margins review. The staff repeated the process that was
used to obtain the initial binning with the sole change that
instead of factoring in only the seismic hazard, the seismic
hazard and the seismic design basis were used.

Composite conditional probabilitics were obtained for
the three seismic hazard curves (EPRI, LLNL with four
experts, and LLNL with five experts) and the three statis-
tical measures of the hazard curves (mean, median, and
85%)—nine separate probabilities for each site. A com-
posite conditional probability was formed by adding the
weighted conditional probabilities of exceeding the uni-
form hazard spectra at a particular ground motion fre-
quency; i.e., the intersection of the plant-specific seismic
design spectrum for the particular frequencies with the
uniform hazard spectra yields the conditional probability.
The frequencies were those used for the initial binning
(2.5Hz, 5Hz, 10Hz, and PGA). The were also weighted
the same (2/7, 2/7, 211, and 1/7).

Using the same agreement criteria as in the initia! bin-
ning, six sites were identified, i.e., consistently fell into
the top group. These are listed in Table 3.1 to do the
full-scope (.3g seismic margins review.

As a “sanity check” of this approach, the list derived from
this approach was compared to the list derived from seis-
mic hazard alone. The six full-scope plants were among
the top ten seismic hazard sites.
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The staff’s resolution of the Eastern U.S. Seismicity Issue
(Charleston Earthquake Issue) has identified eight plants
at five sites as outliers. The staff determined that these
plants should be assigned to the full-scope category. This
action added a single additional plant, Arkansas Nuclear
One, Unit 1, to the list derived on the basis of seismic
hazard and seismic design.

The candidates for the 0.5g and reduced-scope bins were
then subjected to additional evaluation by the staff.

A3.3 Subsequent Binning Evaluations

The candidates for the 0.5g bin were first examined to
provide some assurance that, although the hazard was
relatively high, it was high enough to warrant inclusion in
this bin.

As a test, it was considered appropriate that a site be-
longed in the 0.5g bin if a hypothetical nuclear power
plant at that site was assumed to have a HCLPF of 0.3g
and the mean annual core damage frequency associated
with that hypothetical plant was 10-5 or higher. The work
cited in NUREG/CR-5501 showed that the mean annual
core damage frequency was roughly an order of magni-
tude lower than the mean annual likelihood of exceeding
the plant HCLPF and very roughly equal to the median
annual likelihood of exceeding the plant HCLPF.

Based on these estimates, the staff assumed that inclusion
in the 0.5g bin would be supported if:

1. The mean or 85th percentile annual likelihood of
exceeding the 0.3g ‘spectrum from all three studies
‘'was 104 or greater, and

2., The median annual likelihood of exceeding the 0.3g
spectrum from all three studies was 10-5 or greater.

This evaluation should be viewed as a “sanity check”; it
should not be viewed as a plant-specific statement on core
damage frequencies. The reasons are:

1. The uncertainty and generic nature associated with
the correlation in NUREG/CR-5501,

2. The use of spectral estimates rather than peak
ground acceleration,

3. Theinclusion of the 85th percentile estimates, and

4. All the previously mentioned problems associated
with bottom line numbers.

Finally, the staff examined the candidates for the 0.5g and
reduced-scope bins to assure itself that the classification
made good seismological sense and there was no need to
include additional sites in these bins. In conjunction with
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this examination, limited sensitivity tests were alsc car-
ried out to determine the impact of slight relaxations in
the consistency criteria.

A4 Binning of Sites—Results

A.4.1 Reduced-Scope Margins Methodology
Bin

The consistency criteria outlined in Section A.3.1 were
slightly modified to identify sites for the reduced-scope
bin. The two bottom median groups were included rather
than the bottom group alone. When this was done, five
sites (South Texas, Comanche Peak, Waterford, River
Bend, and Crystal River) were identified as belonging to
the reduced-scope bin.

Also added to this bin were several sites for which no
EPRI calculations were available but were in the bottom
groups in both the LINL four- and five-expert studies.
They are Duane Arnold, Big Rock Point, Grand Gulf, St.
Lucie, and Turkey Point. The ten candidate sites in the
reduced-scope bin lie in areas of low seismic hazard along
or near the Gulf and Florida coasts and in the upper
Midwest.

A4.2 0.5g Bin
As a result of the evaluations cited above, two sites (Pil-

grim and Seabrook) were identified as belonging in the
0.5g bin.
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All sites not identified as belonging in the 0.5g or
reduced-scope bins were assigned to the 0.3g bin.

A.4.4 Other Considerations

The grouping was made assuming that each location was
associated with one site condition (rock or varying depths
of soil). Some twelve plant sites east of the Rocky Moun-
tains whose main Category I structures are located on
rock also have some Category I structures or components
located on shallow or intermediate depths of soil. Since
shallow soil, less than about 80 feet thick, can significantly
amplify ground motion, these sites should perform soil
amplification studies to determine the effect.

In particular, for four of the sites included in the 0.3g bin
(on the basis of their primary site conditions), the hazard
for structures or components on the secondary site condi-
tions is equal to or higher than the hazard associated with
those plants in the 0.5g bin. Licensees should, if the
site-specific analysis indicates, use the 0.5g screening ta-
bles for elements affected by soil amplification. Similarly,
for one site in the reduced-scope bin, site-specific analysis
should be carried out to determine the effects on those
elements affected by soil amplification.
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COMPARISON BETWEEN A REDUCED-SCOPE
AND FULL~SCOPE SEISMIC MARGINS EVALUATION

There are differences between the reduced-scope and
full-scope margins evaluation both in the extent of the
systems analysis and in the amount of quantification of
HCLPF values for equipment identified in the walkdown.
The comparison is presented in Table B.1. The emphasis
on walkdown and not on quantification also applies to the
performance of containment and containment systems
(that is containment performance analysis should concen-
trate on identifying seismically induced vulnerabilitics
and sequences different from those obtained from the
IPE), USI A-45 (Decay Heat Removal Requirements),
and GI-131 (In-Core Flux Mapping System).

B.1 Elements Preserved

The following elements of the seismic margins methodol-
ogy must be preserved; that is, they must be identical in
the reduced-scope and full-scope evaluation:

1. For either the NRC or EPRI methodology, the sys-
tems engineers must perform significant pre-
walkdown work that should be preserved in a
reduced-scope evaluation. In the NRC methodol-
ogy, this involves defining initiating events, defining
event trees and the safety functions involved, and
identifying systems and components necessary to
carry out these functions. In the EPRI methodology,
this involves defining success paths (primary and
alternative) and the systems and components in-
volved in these paths. For both methodologies, the
thrust of this work is to narrow the scope and focus
the effort of the key element of the review, the
walkdown.

For either the NRC or the EPRI methodology, the
seismic capability evaluation engineers must per-
form significant pre-walkdown work that should be
preserved in the reduced-scope evaluation. In each
methodology, this involves developing an under-
standing of the seismic input to the plant and the
seismic design basis and realistic ground and floor
response spectra. It also involves pre-walkdown
screening of the key systems and components identi-
fied by the systems engineers so as to make the
walkdown itself most efficient. The thrust of the
screening is to identify items thought to have very
high HCLPF values, items suspected of having low
HCLPF values, and therefore lists of items to be
examined at various levels of detail during the walk-
down.

B-1

The reduced-scope evaluation should be identical in
quality and effort to that as for the full-scope mar-
gins methodology. One crucial feature is that it
should involve interactions among seismic capability
evaluation engineers, systems engineers, and the
licensee’s plant operations personnel. The walk-
down team should visually inspect pertinent struc-
tures, equipment, and anchorages consistent with
the full-scope NRC or EPRI methodology. If poten-
tially vulnerable components are found during the
walkdown, & capacity check may be necessary using
the applicable SSE ground response spectra. These
results should be documented. Data sheets similar
to those found in Appendix I of EPRI NP-6041
should be used to document the walkdown. A review
of construction drawings for structural details that
can not be seen in the field should be performed.

While the post-walkdown assessment effort for a
reduced-scope evaluation should be identical in
quality to that in the full-scope margins methodol-
ogy its thrust and level of effort are different be-
cause sequence-level (NRC) or success path-level
(EPRI) HCLPFs will not be computed. Instead, its
emphasis should be on identifying possible weak-
link items that may need strengthening.

B.2 Reductions

The following, although needed in the full-scope margins
methodology, are not needed in a reduced-scope margins
evaluation

B.2.1 NRC Seismic Margins Methodology

1. The systems engineers need not prepare or quantify
fault trees and Boolean expressions representing
accident sequences. Also, since fault trees will not
be developed, these engineers need not combine
nonseismic failure basic events with seismically initi-
ated failures in any rigorous fashion, although the
existence of those non-seismic failures, if identified,
should be noted and their importance assessed in
the course of the margin evaluation.

The seismic capability evaluation engineers need
not develop HCLPF capacity values for all of the key
equipment items that would be represented on the
sequence level Booleans (which will not be devel-
oped). It follows that they can not develop a plant-
level HCLPF capacity value.
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B.2.2 EPRI Seismic Margins Methodology

The seismic capability evaluation engineers need not de-
velop HCLPF capacity values for all of the key equipment -

items found on the success paths (primary and alterna-
tive) being studied. It follows that they can not develop
any success-path-level HCLPF capacity values that would
be taken as representing the plant-level HCLPF capacity.

Table B.1 Reduced-Scope Margins Method
Based on NRC Seismic Margins Methodology (NUREG/CR-4482, Chapter 4)

Step No. Description In Reduced Program?
1 Selection of Earthquake Review Level Not applicable, NRC designates sites that qualify
2 Initial Systems Review Yes, in entirety
3 Initial Component HCLPF Categorization Yes, in entirety
4 First Plant Walkdown Yes, in entirety
5 Systems Modeling Finalize Event Trees: Yes:
Fault Tree Development: No
Second Plant Walkdown Only as needed
7 Systems Model Development No
Margin Evaluation of Components, Plant No

Based on EPRI Seismic Margins Methodology (EPRI NP-6041, Chapter 2)

Step No. Description In Reduced Program?

1 Selection of Seismic Margins Earthquake Not applicable, NRC designates sites that qualify
2 Selection of Assessment Team Yes, in entirety

3 Pre-Walkdown Preparation Work Yes, in entirety

4 Systems and Element Selection Walkdown Yes, in entirety

5 Seismic Capacity Walkdown Yes, in entirety

6 Subsequent Walkdowns Only as needed

7 Seismic Margin Assessment Work No
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APPENDIX C
DETAILED DOCUMENTATION AND REPORTING GUIDELINES

This appendix provides the guidelines for detailed docu-
mentation and reporting format and content for the
IPEEE submittals. The major parts of this appendix are
the guidelines for seismic analysis (Section C.2), internal
fire analysis (Section C.3), other analyses (Section C.4),
specific safety features and plant improvements (Section
C.1.4), and the licensee review team (Section C.1.5). The
licensees are requested to submit their IPEEE reports
using the standard table of contents given in Table C.1 or
provide a cross reference. This will facilitate review by the
NRC and promote consistency among various submittals.
The contents of the elements of this table are discussed in
sections below.

The level of detail needed in the documentation should
be sufficient to enable NRC to understand and determine
the validity of all input data and calculation models used,
to assess the sensitivity of the results to all key aspects of
the analysis, and to audit any calculation. It is not neces-
sary to submit all the documentation needed for such an
NRC review. Relevant documentation should be cited in
the IPEEE submittal, and be available in easily retriev-
able form. The guideline for judging the adequacy of
retained documentation is that independent expert ana-
lysts should be able to reproduce any portion of the
results of the calculations in a straight forward, unambi-
guous manner. To the extent possible, the retained docu-
mentation should be organized along the lines identified
in the areas of review. Any information that is comparable
to that provided under the IPE for internal events can be
incorporated by reference.

C.1 General

C.1.1 Conformance with Generic Letter and
Supporting Material

Certification that an IPEEE has been completed and
documented as requested by Generic Letter 88-20, Sup-
plement 4. The certification should also identify the
measures taken to ensure the technical adequacy of the
IPEEE and the validation of results, including any uncer-
tainty, sensitivity, and importance analyses.

C.1.2 General Methodology

Provide an overview description of the methodology em-
ployed in the IPEEE for each external event.

C.1.3 Information Assembly
Reporting guidelines include:

1. Plant layout and containment biilding information
not contained in the Final Safety Analysis Report
(FSAR).

2. A concise description of plant documentation used
in the IPEEE, (e.g., the FSAR; system descriptions,
procedures, and licensee event reports); and a con-
¢ise discussion of the process used to confirm that
the IPEEE represents the as-built, as-operated
plant. The intent of such a confirmation is not to
propose new design reverification efforts on the part
of the licensees but to account for the impact of
previous plant modifications or modifications con-
ducted within the IPEEE framework.

3. A description of the coordination activities of the
IPEEE teams among the external events (e.g., for
seismically induced fires).

C.1.4 Submittal of Specific Safety Features
and Potential Plant Improvements

The licensee should provide a discussion of the criteria
used to define vulnerabilities for each external event
evaluated. The licensee should list any potential improve-
ments (including equipment changes as well as changesin
maintenance, operating and emergency procedures, sur-
veillance, staffing, and training programs) that have been
selected for implementation based on the IPEEE (a
schedule for implementation should be provided) or that
have already been implemented. A discussion of antici-
pated benefits in terms of averted potential risk or in-
creased plant seismic capacity as well as drawbacks to any
improvements should be provided. Those improvements
that have been taken credit for in the analysis and have
not yet been implemented at the plant, should be specifi-
cally highlighted in the submittal.

C.1.5 IPEEE Team and Peer Review

The basis for requiring the involvement of the licensee’s
staff in the IPEEE review is the belief that the maximum
benefit from the performance of an IPEEE would be
realized if the licensee’s staff were involved in all aspects
of the examination and that involvement would facilitate
integration of the knowledge gained from the exam-
ination into operating procedures and training programs.
Thus the submittal should describe licensee staff partici-
pation and the extent to which the licensee was involved

in all aspects of the program.

The submittal should also contain a description of the
peer review performed, the same type of review as re-
quested for the internal event IPE, the results of the
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review team’s evaluation, and a list of the review team
members.

C.2 Seismic Events

Section C.2.1 describes submittal information guidelines
for licensees who choose the seismic PRA for seismic
IPEEE, whilg, section C.2.2 describes information guide-
lines for licensees who choose the seismic margin method
for the seismic IPEEE. The submittal should be pre-
sented in conformance with Table C.1.

C.2.1 Seismic PRA Methodology

The following information on the seismic IPEEE should
be documented and submitted to the NRC:

1. A description of the methodology and key assump-
tions used in performing the seismic IPEEE.

The hazard curve(s) (or table of hazard values) used
and the associated spectral shape used in the analy-
sis. Also, if an upper bound cutoff to ground motion
of less than 1.5g peak ground acceleration is as-
sumed, the results of sensitivity studies to determine
whether the cutoff affected the overall results and
the delineation and ranking of seismic sequences.

A summary of the walkdown findings and a concise
description of the walkdown team and the proced-
ures used.

All functional/systemic seismic event trees as well as
data (including origin and method of analysis). Ad-
dress to what extent the recommended enhance-
ments have been incorporated in the IPEEE. A de-
scription of how nonseismic failures, human actions,
dependencies, relay chatter, soil liquefaction, and
seismically induced floods/fires are accounted for.
Also, a list of important nonseismic failures with a
rationale for the assumed failure rate given a seismic
event.

A description of dominant functional/systemic se-
quences leading to core damage along with their
frequencies and percentage contribution to overall
seismic core damage frequencies (for both LLNL
and EPRI hazard curves if used). Sequence selection
criteria are provided in GL 88-20 and NUREG-
1335. If either hazard curve causes a sequence to
meet these criteria, that sequence should be in-
cluded. The description of the sequences should
include a discussion of specific assumptions and hu-
man recovery actions.

The estimated core damage frequency (for both the

LLNL and EPRI hazard curves, if used) and plant
damage state frequencies, the timing of the core
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damage, including a qualitative discussion of uncer-
tainties and how they might affect the final results,
and contributions of different ground mections to
core damage frequencies.

Any seismically induced containment failures and
other containment performance insights. Particu-
larly, vulnerabilities found in the systems/functions
which will lead to early containment failure that
might result in high consequences. This includes:
isolation, bypass, integrity, and systems (e.g., ig-
niters) required to prevent early failure. The com-
puted fragilities of containment components,
systems, and functions as applicable should be pro-
vided. The licensee may submit computed HCLPFs
associated with containment performance (Op-
tional).

Atable of fragilities, both generic and plant-specific,
used for screening as well as in the quantification.
The estimated fragilities for the plant, dominant
sequences, and dominant components should be re-
ported. (Optional: The estimated HCLPF for the
plant, dominant sequences, and components with
and without nonseismic failures and hurnan actions
may be submitted by the licensee.)

Documentation with regard to other seismic issues
(Section 6) addressed by the submittal, the basisand
assumptions used to address these issues, and a dis-
cussion of the findings and conclusions. Evaluation
results and potential improvements associated with
the decay heat removal function and movable in-
core flux mapping system (for Westinghouse plants)
should be specifically highlighted.

10. A Discussion of nonseismic failures and human ac-
tions that are significant contributors, or have im-
pacts on results.

11. When an existing PRA is used to address the seismic
IPEEE, the licensee should describe sensitivity stud-
ies related to the use of the initial hazard curves,
supplemental plant walkdown results and subse-
quent evaluations, and relay-chatter evaluations.
The licensee should examine the above list to fill in
those items missed in the existing seismic PRA (See
Section 3.1.2).

C.2.2 Seismic Margins Methodology

The following information on the seismic IPEEE should
be documented and submitted to the NRC for a full-
scope or a focused-scope SMM review:

1. A description of the methodology and a list of im-
portant assumptions, -including their basis, used in
performing the seismic IPEEE. Address the extent

to which the following were taken into account:




nonseismic failures, human actions, dependencies,
relay chatter, soil liquefaction, and seismically in-
duced floods/fires. Also, a list of important nonseis-
mic failures with a rationale for the assumed failure
rate given a seismic event.

2. A summary of the walkdown results and a concise
description of the walkdown team and procedures
used.

3.  Allfunctional/systemic seismic event trees data (in-
cluding origin and method of analysis) when NRC
SMM is used.

4. A description of the most important sequences and
important minimal cutsets (for both seismic and
nonseismic failures) leading to core damage (NRC
method) or a description of the success paths and
procedures used for their selection and of each com-
ponent in the controlling success path (EPRI
method).

5. Any seismically induced containment failures and
other containment performance insights. Particu-
larly, vulnerabilities found in the systems/functions
which will lead to early containment failure and high
consequences. This includes: isolation, bypass, con-
tainment integrity and systems (e.g., igniters) re-
quired to prevent early failure. Also, computed fra-
gilities (if used) and HCLPFs of containment
components, systems, and functions as applicable.

6. A table of fragilities (if used) and HCLPFs, both
generic and plant-specific, used for screening as well
as in the quantification. The estimated fragilities (if
used) and HCLPFs for the plant, dominant se-
quences, and dominant components should be re-
ported.

7. Documentation with regard to other seismic issues
(Section 6) addressed by the submittal, the basis and
assumptions used to address these issuies, and a dis-
cussion of the findings and conelusions. Evaluation
results and potential improvements associated with
the decay heat removal function and movable in-
core flux mapping system (for Westmghouse plants)
should be specifically highlighted.

8. Forthe NRC method, provide a discussion of non-
seismic failures and human actions that are signifi-
cant contributors to or have an impact on the results.

The following is the information that should be docu-
mented and submitted to the NRC for a reduced-scope
SMM review:
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A description of the procedures used to identify
systems and components for the walkdown in per-
forming the seismic IPEEE.

A summary of the walkdown findings and a concise
description of the walkdown team and procedures
used.

A discussion and the results of any specific compo-
nent capacity evaluations performed, the methods
used, and assumptions.

Documentation with regard to other seismic issues
(Section 6) addressed by the submittal, the basisand
assumptions used to address these issues, and a dis-
cussion of the findings and conclusions. Evaluation
results and potential improvements associated with
the decay heat removal function and movable in-
core flux mapping system (for Westinghouse plants)
should be specifically highlighted.

C.3 Internal Fires

The information on the internal fires IPEEE identified
below should be documented and submitted to the NRC.

1.

A description of the methodology and key assump-
tions used in performing the fire IPEEE and a
discussion of the status of Appendix R modifica-
tions.

A summary of the walkdown findings and a concise
description of the walkdown team and the proced-
ures used. This should include a description of the
efforts to ensure that cable routing used in the analy-
sis represents as-built information and the treat-
ment of any existing dependence between remote
shutdown and control room circuitry.

A discussion of the criteria used to identify critical
fire areasanda list of critical areas, including (a) sin-
gle area in which equipment failures represent a
serious erosion of safety margin, and (b) same as (a),
but for double or multiple areas sharing common
barriers, penetration seals, HVAC ducting, etc.

A discussion of the criteria used for fire size and
duration and the treatment of cross-zone fire spread
and associated major assumptions.

A discussion of the fire initiation data base, includ-
ing the plant-specific data base used. Provide docu-
mentation in each case where the plant-specific data
used is less conservative than the data base used in
the approved fire vulnerability methodologies. De-
scribe data handling method, including major as-
sumptions, the role of expert judgment, and the
identification and evaluation of sources of data un-
certainties.
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6. A discussion of the treatment of fire growth and
spread, the spread of hot gases and smoke, and the
analysis of detection and suppression and their asso-
ciated assumptions, including the treatment of
suppression-induced damage to equipment.

7. Adiscussion of fire damage modeling, including the
definition of fire-induced failures related to fire bar-
riers and control systems and fire induced damage to
cabinets. A discussion of how human intervention is
treated and how fire-induced and non-fire-induced
failures are combined. Identify recovery actions and
types of fire mitigating actions taken credit for in
these sequences.

8. Discussthe treatment of detection and suppression,
including fire fighting procedures, fire brigade train-
ing and adequacy of existing fire brigade equipment,
and treatment of access routes versus existing
barriers.

9.  All functional/systemic event trees associated with
fire-initiated sequences.

10. A description of dominant functional/systemic se-
quences leading to core damage along with their
frequencies and percentage contribution to overall
core damage frequencies due to fire. Sequence se-
lection criteria are provided in GL 88-20 and
NUREG-1335. The description of the sequences
should include a discussion of specific assumptions
and human recovery action.

11. The estimated core damage frequency, the timing of
the associated core damage, a list of analytical as-
sumptions including their bases, and the sources of
uncertainties.

12. Any fire induced containment failures identified as
being different from those identified in the internal
events analysis.

13. Documentation with regard to the decay heat removal
function and Fire Risk Scoping Study issues ad-
dressed by the submittal, the basis and assumptions
used to address these issues, and a discussion of the
findings and conclusions. Evaluation results and po-
tential improvements should be specifically high-
lighted.

14. When an existing PRA is used to address the fire
IPEEE, the licensee should describe sensitivity stud-
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ies related to the use of the initial hazard, supple-
mental plant walkdown results and subsequent
evaluations. The licensee should examine the above
list to fill in those items missed in the existing fire
PRA.

C.4 High Winds, Floods, and Others

The following information on the high winds, floods, and
others portion of the IPEEE should be documented and
submitted to the NRC:

1. A description of the methodologies used in the
examination.

2. Information on plant-specific hazard data and -
censing bases.

3. Identified significant changes not reported per
10 CFR 50.71(e) (See Section 5.2.2), if any, since OL
issuance with respect to high winds, floods, and
other external events.

4. Results of plant/facility design review to determine
their robustness in relation to NRC’s 1975 SRP
criteria.

5. Results of the assessment of the hazard frequency
and the associated conditional core damage fre-
quency if step 4 of Figure 5.1 is used.

6. Results of the bounding analysis if step 5 of Figure
5.1 is used. '

7. All functional event trees, including origin and
method of analysis (PRA only).

8.  Adescription of each functional sequence selected,
including discussion of specific assumptions and hu-
man recovery action (PRA only).

9. The estimated core damage frequency, the timing of
the associated core damage, a list of analytical as-
sumptions including their bases, and the sources of
uncertainties, if applicable (PRA only).

10. A certification that no other plant-unique external
event is known that poses any significant threat of
severe accident within the context of the screening
approach for “High Winds, Floods, and Others.”




Table C.1 Standard Table of Contents for IPEEE Submittal

Appendix C

Executive Summary

1.1  Background and Objectives
1.2  Plant Familiarization
13  Overall Methodology
14  Summary of Major Findings

Examination Description

2.1 Introduction

2.2  Conformance with Generic Letter and Supporting Material
2.3  General Methodology

24  Information Assembly

Seismic Analysis

3.0 Methodology Selection
3.1a Seismic PRA
3.1.1 Hazard Analysis
.2 Review of Plant Information and Walkdown
.1.3 Analysis of Plant System and Structure Response
.1.4 Evaluation of Component Fragilities and Failure Modes
.1.5 Analysis of Plant Systems and Sequences
.6 Analysis of Containment Performance
ismic Margins Method (SMM) (NRC, EPRI, or Reduced SMM)
.1 Review of Plant Information, Screening, and Walkdown
.2 System Analysis
3 1.3 Analysis of Structure Response
3.1.4 Evaluation of Seismic Capacities of Components and Plant
3.1.5 Analysis of Containment Performance
3.2 USI A-45, GI-131, and Other Seismic Safety Issues

Internal Fires Analysis

4.0 Methodology Selection

4.1 Fire Hazard Analysis

4.2  Review of Plant Information and Walkdown

4.3  Fire Growth and Propagation

4.4  Evaluation of Component Fragilities and Failure modes
4.5 Fire Detection and Suppression

4.6  Analysis of Plant Systems, Sequences, and Plant Response
477  Analysis of Containment Performance (If Applicable)

4.8 Treatment of Fire Risk Scoping Study Issues

49  USI A-45 and other Safety Issues

High Winds, Floods, and Others
5.1 High Winds

3.1b

5.2 Floods
5.3  Transportation and Nearby Facility Accidents
54  Others

Licensee Participation and Internal Review Team

6.1 IPEEE Program Organization

6.2 Composition of Independent Review Team
6.3  Areas of Review and Major Comments

6.4  Resolution of Comments

Plant Improvements and Unique Safety Features
Summary and Conclusions (including proposed resolution of USIs and GIs)

C-5

NUREG-1407






APPENDIX D
NRC RESPONSE TO COMMENTS AND QUESTIONS






APPENDIX D
NRC RESPONSE TO COMMENTS AND QUESTIONS

D.1 Introduction and Summary

The NRC staff conducted an IPEEE Workshop on Sep-
tember 11-13, 1990 at the Pittsburgh Hilton in Pitts-
burgh, Pennsylvania. The objectives of the workshop
were to discuss the IPEEE process and to solicit questions
and comments on the guidance for performing the
IPEEE and for reporting the results of the review. The
schedule of the IPEEE Workshop was announced in the
Federal Register (55 FR 30332) July 25, 1990, and a
preliminary agenda of the workshop was published on
August 10, 1990, in the Federal Register (55 FR 32712).

All the questions and comments raised at the workshop or
submitted after the workshop were categorized into sev-
eral major subject areas. This appendix summarizes these
questions and comments and the NRC staff responses
(SR) to them. The most significant comments, concerns,
and questions, together with staff response (SR), are sum-
marized below. This summary also serves to highlight the
major changes made in going from the proposed to the
final documents.

1)  Backfit Analysis: Should a regulatory backfit analysis of
the proposed IPEEE effort be performed prior to issu-

ance of the IPEEE generic letter?

SR: The staff does not believe, as a legal matter, thata 10
CFR 50.109 type backfit analysis is needed for the
IPEEE genericletter (memorandum from W. Parler
to Commissioners, dated July 27, 1990). Because the
request to perform the IPEEE is considered to be a
request under 10 CFR 50.54(f), the staff has per-
formed a 50.54(f) analysis, which is included as Ap-
pendix 5 to Supplement 4 of Generic Letter 88-20.
However, in view of the significant licensee resource
commitment required to respond to this information
request and in the interest of a prudent policy, the
staff has completed a value-impact analysis and has
included it as an attachment to this appendix. This
analysis shows that, based on previous experience
with the evaluation of severe accidents initiated by
external events, the IPEEE has the potential to
identify items that, if corrected, would result in
substantial increases in safety, and that the cost of
corrections, including the cost of the IPEEE, would
be commensurate with averted potential risk to se-
vere accidents.

2)  Cost Estimates and Resource Requirements: The over-

all cost of the IPEEE was underestimated.

SR: The staff derived its estimates of cost and resource
requirements to perform an IPEEE from the actual
costs spent on two NUREG-1150 plants and the
cost spent on the Hatch seismic review extrapolated
to the IPEEE scope. At the IPEEE workshop, cer-
tain industry estimates were presented that were
either less than or comparable to the staff’s esti-
mates. The staff recognizes that there are uncertain-
tiesin the costs because there are uncertainties asso-
ciated with tfie analysis of external events. However,
the staff believes that there are ways tokeep the cost
under control. If additional questions arise regard-
ing the IPEEE process and the associated
quidelines, the staff will meet with licensees and
respond to those questions.

3) Schedule and Resource Availability: Schedule and re-
source availability for performing the IPEEE are of

concern.

SR: The methods identified in this report are not new
and have been used and discussed extensively in the
past. Probabilistic risk assessment (PRA) proced-
ures for assessing the risk associated with external
events have been uvsed since the late 1970’s. The
NRC seismic margins method was published in
1985; the Electric Power Research Institute (EPRI)
seismic margins method was published in 1988.
These methods were derived from the insights
gained from available seismic PRAs. They were
widely discussed at many conferences and work-
shops and were used at three plant sites. Procedures
for the seismic walkdown, one of the most important
ingredients in the seismic IPEEE, are similar to
those that will be used in the implementation of
Unresolved Safety Issue (USI) A-46, “Verification
of Seismic Adequacy of Equipment in Operating
Plants.” A-number of trial walkdown training work-
shops with a number of participants from the utili-
ties were conducted in the past by the Seismic Quali-
fication Utility Group (SQUG), which developed
the walkdown procedures for USI A-46. Finally, the
event trees and fault trees developed for the inter-
nal event IPE, which was initiated about 18 months
before the IPEEE, will be available for use in the
IPEEE. Therefore, the staff believes that a large
pool of talent is available (as evidenced by the num-
ber [approximately 25] of consultants and consulting
firms represented at the IPEEE workshop), and that
within the 3-year period to perform the IPEEE,
licensees can develop or obtain the necessary exper-
tise to conduct the IPEEE. However, as with the
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SR:

3)

SR:

internal events IPE, the staff will consider extending
this date on a case-by-case basis.

Licensee Response Time: The initial response time of 60
days to identify the methodologies for completing
IPEEE is too short,

The staff believes that it is appropriate to extend the
licensee’s initial response time from 60 days to 180
days to allow for some essential preparatory work
(i.e., the processing of bids, completion of the devel-
opment of the alternative fire evaluation methodol-
ogy by the Nuclear Management and Resource
Council (NUMARC) and EPRI, and the staff’s re-
view and assessment of this methodology). One hun-
dred eighty days was selected in consideration of the
current schedule for NUMARC/EPRI to complete
the development and verification of their alternate
fire evaluation methodology, and for the subsequent
staff review. These activities are expected to be com-
pleted in July 1991 (see Response 6.1).

Inclusion of Issues: The inclusion of (a) lightning, (b)
volcanic activities, and (c) Generic Issue (GI) 103,
“Design for Probable Maximum Precipitation (PMP)”
in the IPEEE was questioned.,

Licensees need to confirm that lightning or volcanic
activity is not a dominant contributor to severe-
accident risk at their nuclear power plant sites. The
determination should be based on plant-specific ex-
perience. The concern related to lightning (as
pointed out by the ACRS) s that lightning strikes, in
addition to causing loss-of-offsite power, may dam-
age instrumentation and control systems. If this had
happened before at a site, the staff would expect the
IPEEE for that specific plant to address this con-
cern. In regard to volcanic activity, only two sites
would be affected. In either case, a simple discussion
will be sufficient for those plants not affected by
these events. For plants that may be affected, a
success screening process, such as the one described
in this report can be used.

With regard to GI-103, the NRC acknowledged the
importance of this new PMP criterion in Generic
Letter 89-22 by requiring that future plants be de-
signed against it (i.e., design basis). For existing
plants, the NRC recommended that licensees re-
view the material contained in GL 89-22 to deter-
mine whether they believe additional action is nec-
essary; however, licensees need not change their
design bases. For the IPEEE, the staff believes that
assessing the potential for a PMP to cause a severe
accident is justified, since the National Weather
Service PMP data are being applied to future de-
signs. However, the staff has clarified it’s recom-
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6.1)

SR:

6.2)

SR:

7

7.1)

mendation by limiting the assessment of the effects
to onsite flooding and roof ponding.

Fire Evaluation

Expeditious NRC review of the NUMARC/EPRI alter-
nate fire-evaluation methodology was requested.

The staff had previously committed to review
an alternate methodology being developed by
NUMARC and EPRI for evaluating fires. Cur-
rently, the staff is reviewing a NUMARC document
describing the methodology and is waiting for more
information from EPRI and NUMARC on the re-
sults of demonstration applications of this method-
ology at two nuclear plants (the staff anticipates this
will come in April 1991). Following receipt of this
information, the staff plans to complete its review,
including discussions with the ACRS and the
NUMARC. As stated in Response 4, these activities
are not expected to be completed until July 1991.
Therefore, the staff plans to respond separately to
the NUMARC/EPRI alternate methodology, so as
not to delay issuing the IPEEE generic letter and
guidance document. However, as discussed in Re-
sponse 4, additional time was given to licensees, so
that they have the results of the staff review before
they commit to a fire evaluation methodology in
their IPEEE submittal plans.

GI-57, “Effects of Fire Protection System Actuation on
Safety-Related Equipment:” The relationship of this GI
to the IPEEE was questioned.

The effect of fire suppressants on safety equipment
is one of the safety issues identified in the Fire Risk
Scoping Study, (NUREG/CR-5088) and may be a
significant contributor to risk. Accordingly, it was
raised as a generic safety issue and was also included
in the IPEEE. The staff expects that if a licensee
discovers a significant vulnerability in this area
through the IPEEE, the licensee would address the
problem and not await the GI-57 resolution. During
the walkdown, licensees can collect relevant infor-
mation on whether actuated fire protection systems
would spray safety-related equipment, and can insti-
tute some protective measures to prevent the safety
equipment from being sprayed by fire suppressants.
The additional effort to collect this information dur-
ing the walkdown should not be a burden. However,
the formal resolution of GI-57 does not have tobe a
part of the IPEEE.

Seismic Events: Treatment of seismic events needs clari-
fication.

The need to use both the LLNL and EPRI seismic
hazard curves was questioned.
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The staff considered the difference between these
two curves in specifying the enhancements for the
seismic margins methods and the seismic PRA.
However, based on the available information to
date, the staff is unable to dispute the merit of either
curve and considers both of them to be valid. The
staff also believes that the added cost of using two
curves should not be burdensome, based on what
was spent on two NUREG-1150 plants. A utility
may choose to use only a single curve, provided the
higher one of the two curves is chosen.

The use of a site-specific seismic curve (in lieu of the
LLNL and EPRI curves) was suggested.

The LINL and EPRI curves are “site-specific” seis-
mic curves. Each used its standard methodology and
uniform interpretation of data bases to calculate the
seismic hazards for power plant sites in the Eastern
United States. The use of other site-specific seismic
hazard curves is an acceptable option subject to re-
view and acceptance by the staff. However, the staff
believes that the cost associated with the develop-
ment of new site-specific seismic hazard curves
could be very high and time consuming.

The use of plant design bases in the seismic binning
process was suggested.

The staff investigated the potential of using the seis-
mic design basis as a parameter for making the initial
binning assignments. Because there was insufficient
technical basis for its use, it was not used initially.
However, when considered in conjunction with the
seismic hazard, the use of the seismic design bases
provided a means for reducing the scope of the 0.3g
margins review. Specifically, plant sites in the 0.3g
bin were assigned to a full-scope or a newly defined
focused-scope category. The full-scope category is
essentially the review specified in the draft generic
letter and guidance document that were distributed
for public comment, whereas the focused-scope re-
view represents a reduced scope review. The pri-
mary purpose of this further subdivision is to reduce
the level of review effort, mainly in the relay chatter
area, for plants with a lower hazard or higher design
basis. Plants with a relatively higher hazard and
lower seismic design basis should perform a more
detailed study than the other plants. (Grouping of
plants into various categories is discussed in Section
3 and Appendix A of this report.) Of the 56 sites
originally assigned to the 0.3g category, 7 remain in
the full-scope category, the remainder moved to the
focused-scope category.
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7.4) The scope of the relay chatter evaluation was ques-

SR:

tioned.

Detailed relay chatter studies conducted at the
Hatch and Diablo Canyon plants showed that con-
siderable resources were expended to perform the
relay chatter review; and using existing procedures,
operators could solve the relay chatter problems
identified at these plants. However, the staff and
industry consultants are concerned that such conclu-
sions cannot be considered generic without some
additional plant reviews.

Therefore, as discussed above, the staff is recom-
mending that the 0.3 g bin be subdivided into two
categories, a full-scope and a focused-scope cate-
gory. For plants in the full-scope category, licensees
will have to evaluate the relay chatter consistent
with the approach discussed in EPRI NP-6041 or its
equivalent. For reduced-scope review, the imple-
mentation of USI A-46 program will provide infor-
mation for satisfying the IPEEE provisions. Note
that licensees can perform the IPEEE with consider-
able efficiency, if they take advantage of the lessons
learned from the Hatch and Diablo Canyon relay
chatter evaluations. For plants in the focused-scope
category, a lower level of effort is recommended;
this would entail looking for and addressing low-
capacity relays only.

D.2 Detailed Response to Public

Comments and Questions

This section paraphrases, summarizes, and categorizes
into subject areas, questions and comments either raised
at the workshop or received by the staff (16 parties sub-
mitted written comments, see sources of comments). The
NRC staff response is also provided. Table D.1 containsa
listing of the subject areas discussed in this section. The
workshop transcript and a copy of the comments received
are available in the NRC Public Document Room.

Table D-1 Categorization of Question and Comments

el el ol

IPEEE, IPE, CPI, and Accident Management
Backfit analysis

Cost estimates and resource requirements
Schedule and response time

High winds, floods, and transportation and
nearby facility accidents

Internal fires

Seismic events

NUREG-1407
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IPEEE, IPE, CPI, and Accident Management

How do the IPE, IPEEE, and the accident manage-
ment all relate to the design bases of the plant in
terms of identified plant vulnerabilities, improve-
ments, and potential increase in risk? How do the
plant operators make the day-to-day decisions when
PRA insights and Tech Specs are in conflict? (Ref.
D.16, p. 40)

The thrust of the whole severe accident program is
to reduce the likelihood of severe accidents and
their consequences. As such, they are looking at
accident scenarios beyond the traditional design ba-
sis envelope. If a vulnerability isidentified and a fix is
proposed, it is important to make sure that the pro-
posed fix has no adverse effect on the plant. If a
licensee makes modifications to the plant, which
resulted in a change of the plant design basis, then
that must be documented, tracked, and accounted
for, in accordance with the provisions of 10 CFR
50.59. If the PR A identifies a conflict with the Tech-
nical Specifications or operating procedures, the li-
censee should examine the reason for the conflict. It
is important that the licensee not make plant or
procedural modifications without understanding the
basis behind the PRA conclusions. For example, if
the underlying model in the PRA was developed
with simplified assumptions and modeling tech-
niques, it might be prudent to perform a more realis-
tic evaluation to assure that the modeling assump-
tions have not biased the results in an inappropriate
manner.

After the utilities had factored vulnerabilities identi-
fied through IPE and IPEEE in their emergency
operating procedures (EOPs) and the Tech Specs
that support the EOPs, what else would the utilities
be required to do for the accident management?
Any specific example of a guideline that the staff
would be putting forth as part of accident manage-
ment? (Ref. D.16, p. 46)

It is important to recognize that accident manage-
ment responses are not just limited to emergency
procedure guidelines (EPGs) or EOPs. Technical
support and the kind of guidance and personnel
training that are needed should be part of accident
management. IPE and IPEEE results should be con-
sidered as an information source which provides in-
puts to training programs and to the development of
emergency preparedness exercises. Accident man-
agement takes that information and uses it in the
planning, training, exercises, and to establish the
communication and the feedback mechanism at the
utilities. Specific guidance and examples are still
being developed by industry (NUMARC) and NRC,

NUREG-1407
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and will be addressed in a future generic letter on
accident management.

The Severe Accident Policy Statement is silent on
external events, thus, there is no need to do much
beyond what is already done for internal event IPEs.
(Ref. D.16, p. 53)

The Commission Policy Statement identified the
need to seek vulnerabilities systematically at all op-
erating plants. It didn’t distinguish between internal
and external events. However, PRA studies have
shown that external events, in particular seismic and
fire, are principal contributors to overall risk. Ac-
cordingly, the staff recommended to the Commis-
sion in SECY-86-162, dated May 22, 1986, that
external events be included in implementation of
the Severe Accident Policy Statement.

IPEEE, basically, is an evaluation looking at a point
in time, a snapshot in time, is there an intent of
keeping it living? (Ref. D.16, p. 78)

The staff is treating the IPEEE as a one-time evalu-
ation. There is no requirement to keep it living.
However, based on utilities’ experience, once one
has gone through the process and invested the re-
sources and constructed the PRA or equivalent, it
would be useful to keep it up to date. However, it is
really up to the utility whether or not to keep it
living.

Is it correct to assume that there is no requirement
for the pedigree of the program, that it can be basi-
cally be a study without a QA type of pedigree? (Ref.
D.16, p. 80)

There is no requirement for an Appendix B-type
QA program to check the IPE or IPEEE. The licen-
sees should perform an ongoing internal quality as-
surance effort to ensure that the results of the IPE
and IPEEE are factual and represent the as-built,
as-operated plant. Typically, licensees will define
“pinch points” in their performance of a risk assess-
ment to stop and assess the progress and quality of
their effort to date. Asin the internal event IPE, the
staff is asking for a peer review as part of the IPEEE.
The peer review provides a type of QA function.

In the area of other external events that are not
included in the IPEEE, does the utility need to de-
velop a hazard curve associated with that particular
event? (Ref. D.16, p. 81)

No. The staff is not asking the utilities to justify not
including those events. However, if a utility knows of
a particular hazard that is greater than what the staff
has considered in the generic study, the utility
should consider including it in the IPEEE.
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Is sabotage included in the IPEEE? (Ref. D.16, p.
82)

Sabotage is not included.

Florida Power & Light has a policy that upon ap-
proaching hurricanes in S. Florida, the unit will be
shut down and the unit will go to a Mode 3 oraMode
4 in advance of the hurricane, does that mean the
hurricane need not be considered in the IPEEE?
(Ref. D.16, p. 82)

In general, the shutdown mode is outside of the
IPEEE scope. Howeyver, in a case like this, the licen-
see should make sure that the plant can be shutdown
and maintained in a safe shutdown condition (USI
A-45 requirements). In other words, the combined
frequency of the hurricane and failure to shutdown
and to maintain the plant in a safe shutdown condi-
tion needs to be assessed.

Faced with large uncertainties, how are risk, human
reliability, operational reliability, maintenance reli-
ability, etc. associated with external events to be
quantified? (Ref. D.16, p. 84)

The staff recognizes that there are significant uncer-
tainties in quantifying risks associated with both in-
ternal and external events. Thus, the staff hasdeem-
phasized the bottomline numbers in both the IPE,
and more importantly, for the IPEEE.

1.10 When should the improvements resulting from the

SR:

IPE process be carried out, right after the IPE or
wait until the IPEEE is completed? (Ref. D.16, p.
87)

The staff has looked at the interaction between the
internal and external events. The staff has con-
cluded that it is unlikely that the cost effective im-
provements based on internal IPEs would have a
negative impact on safety for external events (see
Section 6.3.1.2). The Generic Letter states that it
expects each licensee to move expeditiously to cor-
rect any vulnerabilities that it determines warrants
correction.

1.11 Since the purpose of the IPEEE is to gain a qualita-

SR:

tive understanding of core damage frequency, not
quantitative, is it good enough for seismic PRAs to
just report seismic risk in terms of high, medium, or
low, instead of putting in numbers? (Ref. D.16, p.
89)

No. Core damage frequencies are requested from
the seismic PRA so as to obtain insights and the
relative ranking of the accident sequences, and

Appendix D

dominant components as well as assess the findings
against the reporting criteria.

1.12 In the draft generic letter, how will this information

SR:

be used is rather general. It seems that it is up to the
utilities to determine what to do with the results,
how they see fit; make the change or justify not
making the change. However, in the generic letter it
also says that the NRC will assess whether the con-
clusions the licensee draws from the IPEEE regard-
ing changes to the plant systems or components are
adequate. May be you should include some kind of
an example of either a positive or a negative finding
that you’ve made that can provide some sort of guide
as to what is adequate and what is not adequate.
(Ref. D.16, p. 92)

If the staff disagrees with what a licensee did, the
options that are open to the staff are contained in
the regulations. The staff may request additional
information via questions pertaining to the submit-
tal, or may impose plant modifications via the backfit
rule.

1.13 Vulnerabilities need to be tied to core damage risk.

SR:

If you can’t tie a vulnerability to a core damage risk,
then it’s not a vulnerability. The Severe Accident
Policy Statement says that if you identified a vulner-
ability, then what you do next is to see if by fixing that
vulnerability you can reduce the risk of core damage.
So it seems that you have to have a quantitative
number for core damage before and after you fix the
identified vulnerability. (Ref. D.16, p. 94)

There are several stages in the process: (1) To iden-
tify a vulnerability; (2) To identify fixes for that vul-
nerability; (3) To determine if it’s substantial; and
(4) To determine if it’s cost-beneficial. The cost-
beneficial side of it has to be determined by the
reduction in risk to the population outside the plant,
which, in effect, requires a containment failure.

So we haveto identify the vulnerability list and then
follow these steps. Because the IPEEE implements
severe accident policy, we all have to make sure that
we're implementing it in the way intended.

The process described is what the staff would go
through if we chose to backfit a plant. It’s not neces-
sarily what the utilities might do in their plant. We
leave it up to the utilities to decide what process they
would use and how they would define a vulnerability.

1.14 Clarify the IPEEE Objectives. (Ref. D.1)

SR:

The purpose of the IPEEE is to gain a qualitative
understanding of core damage frequency, not quan-
titative. Section 1.2 provides the discussion of this
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aspect and also points out that some methods have
been developed for evaluating external event hazard
and identifying vulnerabilities that do not produce
estimates of damage frequency. Seismic margins
method is cited as a specific example. The objectives
were reworded to emphasize this point.

Backfit Analysis

The staff has stated that the Office of the General
Counsel is looking into whether the request for an
IPEEE should be under 50.54(f) or the backfit rule.
If the Office of the General Counsel does determine
that the backfit rule applies, would it be correct to
assume that this supplement to the generic letter
will be issued similar to Generic Letter 89-16, the
Hardened Vent of the Mark I’s, where doing the
action or performing the IPEEE would be voluntary,
and for those utilities who do not volunteer to per-
form it, plant-specific backfit analyses would be per-
formed using plant-specific values and criteria in
terms of our own resources required and the scope
of the analyses that an individual plant would have to
perform? (Refs. D.13 and D.16, pp. 90-91)

The staff has determined that a backfit analysis is not
needed for the IPEEE.

If the General Counsel does determine that this can
go ahead under a 50.54(f) request for information,
will the utilities have an opportunity to look at that
for themselves and perhaps appeal that decision or
do their own analyses, whether we feel that backfit
rule actually applies or not? (Ref. D.16, p. 92)

All utilities will be required to respond to the IPEEE
50.54(f) request.

Without some kind of numerical or specific figure of
merit, how can one really say that it’s cost-effective
toimplement one type of fix over another, or evento
make a fix at all? (Ref. D.16, p. 92)

The staff traditionally uses a cost benefit figure of
merit of $1000/man-rem in imposing new require-
ments.

That does not constrain a licensee to use the same
cost benefit as their criterion for what to fix or what
not to fix. Any criterion that the licensee chooses to
use should be justified.

What are the criteria that NRC will use in determin-
ing what to fix? (Ref. D.16, p. 154)

If the staff determines that a fix is required to bring
the plant into conformance with the regulations, no
cost-benefit or other analysis is required, and the

NUREG-1407

D-6

25

SR:

2.6

SR:

staff can seek to have the fix implemented, if neces-
sary by Order. If the staff determines that a fix de-
sired by the staff is beyond the design bases or Regu-
lations of the Commission, the staff must preparea
backfit analysis and submit it to the Commission. A
backfit analysis does not have to include a probabilis-
tic risk evaluation, but can instead be presented
relying primarily on engineering judgment.

The Severe Accident Policy Statement doesn’t give
you any probabilistic numbers that you can really
work with. However, in June 1990, the Commission
directed the staff to consider 10-4 core melt fre-
quency as safe enough as in the Safety Goal Policy
Statement.

We propose to link “how safe is safe enough” with
the Safety Goal Policy Statement about undue risk
in severe accident with adequate protection in the
backfit rule. We could make a very good case that
plants currently are safe enough especially if we use
that number on the individual plant level. (Ref.
D.16, p. 156)

The Commission Safety Goal is not just 10-4 per year
for core melt. The Commission safety goals are the
quantitative health objectives for fatalities. The staff
had recommended that subsidiary objectives (e.g.,
10-¢ CDF) be established as a way to implement the
Safety Goals in a practical manner.

In addition, the Safety Goals are not to be used to
judge individual plants. They are to be used to judge
the acceptability of the NRC regulations.

There is a concern about the closure process, par-
ticularly in relation to the fact that both the EPRI
and the Livermore hazard curves will be used in a
seismic PRA.

What’s going to happen is ultimately, if a seismic
vulnerability would be expensive to repair, you are
forced into doing some probabilistic type cost bene-
fit analysis. Even though you may have done a seis-
mic margins assessment to identify that vulnerabil-
ity, I see no way that you are able to avoid not
reverting to using the Livermore hazard curves in
your ultimate decision-making process. I think thisis
the time that there ought to be some effort to re-
solve the difference between these two curves. (Ref.
D.16, pp. 162-164)

When we do backfit analysis and regulatory analysis,
it’s not uncommon to have areas of great uncer-
tainty, even as large as the difference between these
two curves. The EPRI and LI.NL hazard curves dis-
play a level of that uncertainty. Some backfit evalu-
ations are evaluated without having core damage/
risk values, but rather rely on engineering judgment.
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The Commission makes use of all the information
available in making its decisions. HCLPF s may also
be an important consideration in making decisions
regarding backfit.

If a licensee prefers to use a single curve in the
seismic review, that is also acceptable provided the
higher of the two curves is chosen. See response 7.8.

Cost Estimates and Resource Requirements

The staff’s resource estimate for IPEEE is low.
(Refs. D.9, D.13, and D.16, p. 42)

The staff believes that the cost estimate for IPEEEs
was developed conservatively. Obviously, there are
uncertainties in the costs because there are uncer-
tainties in how a licensee will choose to analyze
external events. The staff has used previous utility
and NRC experience in conducting external event
analysis in arriving at the cost estimate and has at-
tempted to clarify the scope of the IPEEE where
questions on scope were raised. However, where
questions still exist, licensees should come in and
talk to the staff to make sure that they have a clear
understanding of the IPEEE process.

Six person years was the estimate for the IPEEE cost
or manpower resource requirement, what is the ba-
sis? (Ref. D.16, p. 155)

The basis is discussed in Appendix 5 to Generic
Letter 88-20, Supplement 4. Basically what the staff
did was to estimate the overall effort required to
perform the IPEEE and to use the cost spent for
NUREG-1150 plants and the Hatch seismic review
to estimate the IPEEE cost. We also received esti-
mates from a few PRA companies. We do recognize
that there are some costs that licensees will have to
spend over and above just what it will cost the PRA
company. We do believe that the staff’s estimates
are reasonable. K. Fleming of PLG Inc., whose firm
has done most industry-sponsored PRAs, and D.
Dube of NE Utilities provided estimates that are
either less than or comparable to the staff’s esti-
mates. Table D.2 provides a comparison of the
staff’s and the industry resource estimates.

Schedule and Response Time

What is the schedule for IPEEE, staff review, and
fixes? (Ref. D.16, p. 50)

The staff intends to complete closure of severe acci-
dent issues in 1995. Accordingly, a three year com-
pletion period for the IPEEE is specified so as to
give the staff time to review the submittals.

5.1
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High Winds, Floods, and Transportation and
Nearby Facility Accidents

The flooding criterion screens at a frequency of 10-8
per year, but the wind screens at 10-8 peryear, why is
there an inconsistency between flooding and wind?
(Ref. D.16, pp. 144 & 150)

The screening criteria are essentially a reporting
criteria, which are consistent for all external events
and internal events.

We’re not using 10-5 per year flood frequency alone
to screen out floods. Based on a number of flood
studies, the judgment was made that the probable
maximum flood has a 10-5/yr. or less frequency. But
that alone does not screen out the flood concern.
Judgment was made that the conditional failure
probability for a plant designed against the probable
maximum flood is somewhere around 10-1, so that
the combined probability is 10-¢ or less per year. A
similar approach was used for the wind, where the
design basis wind was usually selected to have a
probability of less than 10-8 per year.

The item 2 on the flowchart for screening external
events, identifying significant changes, does that re-
fer to the hazard at the site or does that refer to the
design of a plant? (Ref. D.16, p. 147)

It refers to the hazard on the site and the land use of
the general vicinity, for example, a new airport built
nearby.

For item 3, review plant against the current standard
review plan criteria, why do older plants need to do
that? Obviously, some older plants were not de-
signed using current methods and codes. (Ref. D.16,
p- 147)

Item 3 is a screening criterion only. If you know
already that your plant does not meet the 1975 Stan-
dard Review Plan (SRP) criteria, you should move
on to the next step in the evaluation process.

The inclusion of lightning and volcanic activity is
questioned. (Refs. D.1, 8, & 11)

The confirmation that lightning or volcanic activity is
not a significant contributor to severe accidents at
the nuclear power plant, should be assessed to the
satisfaction of the utilities. A relatively simple dis-
cussion by the licensee to state why a licensee be-
lieves these issues to be unimportant, will be suffi-
cient for these issues for most plants.
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Table D2 IPEEE Resource Estimates (Manhours)

Hatch! Future PLG

Task NUMARCz? Actual Today* SMM + SPRA3
1. Select SME 0 200 200 0-200
2. Select success paths 600 850 700 600-950
3. Mod. seismic bld’g model 600 430 430 0-950
4. Perform SSI & Dev. FRS 2000 1020 1020 0-2000
5. Soil lig. evaluation 1000 500 500 0-1000
6. Relay chatter evaluation 2000 2800 1700 1400-2100
7. Pre-walkdown 160 160 100-200
8. Walkdown preparation 200 200 100-300
9. Seismic walkdown 900 900 900 600-1400
10. SMM of outliers 1800 2680 2000 1200-2700
11. Report & documentation 700 1320 1000 980-1200
12. 'Walkdown travel expense 500
13. Containment review isolation,

bypass, etc 800

Long term mitigation 400
14. Misc. cost (startup, plant

support, training, peer review,

NRC interaction) 1200
Total Seismic IPEEE 13000 11060 8810 4980-13000 1700-2700

Surry Peach Btm PRA PLG

Seismic event 1400 1320 1500-3000 1100-1800
Internal fires 350 450 750 900-1500
High winds - - 0-200
External floods 150 250 0-300
Others - - 0-650
QA 450 450 200-500
Plant support 1200 1300 1300-2500 1000-2000
Sources:

1*+D. P. Moore of Southern Company Services, Inc.
2NUMARC cost estimate of full-scope SMM of Nov. 13, 1990.
3PLG letter to NRC, dated Oct. 9, 1990

5.5 The requirement for assessing GI 103, Design for

Probable Maximum Precipitation (PMP) and lack of
specific guidance in the generic letter are ques-
tioned. (Refs. D 1, 8, 11, & 13)

SR: IPEEE imposes no requirements. With regard to
the PMP, NRC acknowledged the importance of this

NUREG-1407

new PMP criterion in generic letter 89-22, dated
Oct. 19, 1989, by requiring that future plants be
designed against this new criterion. For existing
plants, NRC recommended that the licensees re-
view the material contained in GL 89-22 to deter-
mine whether they believe additional action on their
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part is necessary. However, this previous review was
directed toward assessing the adequacy of the design
basis, whereas the IPEEE is directed toward severe
accidents. Therefore, the staff is requesting that
PMP be looked at to assess the effects on plants in
terms of onsite flooding and roof ponding to deter-
mine whether that would lead to a severe accident.
This is consistent with the staff’s request that licen-
sees confirm that no plant-unique external events
with the potential to initiate severe accidents have
been excluded from the IPEEE, as stated in Section
3 of the Generic Letter 88-20, Supplement 4. The
general procedure can be found in section D. 2.4 of
SRP and section 11.4 of NUREG/CR-2300. The
staff believes that this information is readily avail-
able per GL 89-22 recommendation.

Internal Fires

The generic letter doesn’t state whether the Fire
Vulnerability Evaluvation (FIVE) methodology and
the associated . database, being developed by
NUMARC and EPRI, are acceptable or not, either
for meeting the IPEEE requirements or for satisfy-
ing the issues in the Sandia fire risk scoping study.

Are you planning to put that in the final generic
letter and guidance document? Since we don’t know
whether the FIVE methodology is acceptable ornot,
we can’t really make our decision on what method to
use and respond in the 60-day timeframe as re-
quested in the generic letter. (Ref. D.16, p. 96)

The development of FIVE has been acknowledged
in the generic letter supplement. However, the staff
is unable at this time to endorse the FIVE method
for the use in IPEEE, because NUMARC and EPRI
have not completed its validation and documenta-
tion. The staff intends to review the NUMARC/
EPRI methodology and, if it is acceptable, endorse it
as an acceptable way to deal with fires under the
IPEEE. However, final review will not be completed
in time to incorporate a final position on FIVE into
the generic letter, therefore, the staff will address
the acceptability of the FIVE methodology in a sepa-
rate document.

With regard to the 60-day initial response time, that
has been extended to 180 days after the issuance of
the final generic letter, primarily to allow time for
completion of the FIVE methodology.

What are the procedurally directed walk-downs in
terms of addressing seismic-fire interaction. Do
they pertain to walk-downs for the fire or walk-
downs for the seismic IPEEE. (Ref. D.16, p. 130)

The procedurally directed walk-downs associated
with internal fires vulnerability evaluation can be

D-9

6.3

SR:

6.4

SR:

6.5

SR:

6.6

SR:

6.7

SR:

Appendix D

planned as part of the seismic walk-downs that
would specifically look for the seismic-induced fire
vulnerability issues. The idea is to first identify those
areas that could be vulnerable so that they can be
brought into focus during the walkdown.

For example, if a plant didn’t have its diesel fuel tank
strapped down properly one could postulate a large
fuel source for fire as a result of a seismic event.
Other similar seismic/fire interactions were summa-
rized in Section 7 of NUREG/CR-5088.

If the utilities had already assessed the safe shut-
down capability, are spot checks acceptable for the
cable routing verification? (Ref. D.16, p. 130)

Licensees should rely on previous assessments for
IPEEE information, provided the information is up-
to-date. The licensee does not have to perform any
design verification, or retrace cablesif that had been
done previously.

Will the fire database be updated and when will it be
available? (Ref. D.16, p. 132)

EPRI is updating the fire database through 1988. It
is expected to be available to staff sometime in the
December-January timeframe.

How is safety system separation to be assessed in the
fire analysis? (Ref. D.16, p. 132)

Separation should be modeled as it exists and the
fuel sources as they exist in order to understand,
using the codes (propagation analysis), the effects of
fire on redundant trains of equipment.

In treating of transient combustibles for fire, would
it be sufficient in the IPEEE fire analysis to state
that administrative control for transient combus-
tibles takes care of this or would additional quantita-
tive analysis be needed? (Ref. D.16, p. 148)

Transient combustibles cannot be ignored. If they're
procedurally controlled, a fire protection engineer
should be involved in doing the examination, so that
a determination can be made as to whether proce-
dural control will really limit significant transient
combustibles in a given area.

The requirement stated in Sec. 4.3 Item 5, “provide
documentation in each case where the plant-specific
data used is less conservative than the approved data
base” is a disincentive to use plant specific fire
initiation data. The IPEEE results will capture ge-
neric vulnerabilities instead of plant specific fire
vulnerabilities by preferring generic data (Ref. D.8)

In most cases, plant-specific data are rather limited.
The use of generic data, which usually have a much
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broader base, will provide valuable insights about
what could happen at a plant. The awareness of this
kind information is very important to the plant oper-
ating staff. This is consistent with the purpose of the
Commission’s Severe Accident Policy, “to under-
stand the most likely severe accident sequences that
could occur at its plant.”

Water as a suppression agent may cause potential
damage to safe shutdown components. What about
CO, and Halon? The Sandia study states that there
are no data available to quantify damage from these
sources. Is a simple statement or identification as
potential damage adequate? (Ref. D.16, p. 149)

In the majority of instances seen to date in power
plants, water caused the damage. Therefore, the
staff believes water damage is the most probable. If
there is an area where suppression damage from
CO; or Halon is likely, however, one should not
ignore it.

A major emphasis of the IPE/IPEEE is to have li-
censee staff involved to help ensure the most bene-
fit. NUREG-1407 states that should involve engi-
neering judgments of the fire safety experts. Does it
mean a fire protection engineer is adequate? (Ref.
D.16, p. 166)

The staff would consider a fire protection engineer
of a utility to be a fire safety expert.

6.10 The inclusion of GI-57, “Effects of Fire Protection

SR:

SR:

System Actuation on Safety-Related Equipment,”
was questioned. (Ref. D.1) .

The effect of fire suppressants on safety equipment
is one of the safety issues identified in the Fire Risk
Scoping Study, NUREG/CR-5088. Relevant infor-
mation on whether the actuated fire protection sys-
tems would spray safety-related equipment or not
and some protective measures to prevent the safety
equipment from being sprayed by fire suppressants,
can be collected during the walkdown. The addi-
tional effort to collect this information during the
IPEEE walkdown should be minimal. We also want
to point out that the resolution of this issue does not
have to be a part of the IPEEE.

Seismic Events

What is the justification for including Earthquakes
in IPEEE? (Ref. D.7)

Based upon the examination of NRC’s and indus-
try’s plant-specific probabilistic risk assessments
(PRAs), the mean core damage frequencies at some
plants could be relatively high, in the range of 1IE-4
to 1E-6 per year (Table D.3). Many cost-effective
improvements that would reduce the potential risk
were identified from these PR As; many were imple-
mented at plants as discussed in Appendix 5 of Sup-
plement 4 to Generic Letter 88-20. This finding is

Table D3 Summary of PRA Results of Core Damage Frequency (1E-5)

Total Total Intl Extn’l High Light-
Plant Total Int’l External Seismic Fire Flood Floods Winds ning
PWR
Pt. Beach 313 13.9 17.4 6.1 33 7.7 - 0.4 0.006
Turkey Pt.  23.6 7.1 16.51 7 7.5 - 4.6 24 0.26
St. Lucie 7.44 14 6.04 13 44 - 0.32 - 0.02
ANO1 179 8.8 9.15 7.3 0.58 - 0.72 0.53 0.02
P2 43.5 6.0 375 14.0 19.2 - - 43 -
IP3 15.7 9.0 6.7 0.31 6.3 - - 0.13 -
Zion 34-40 342 0.1-6 <0.1-6
MS3 15-23 14.7 0.8-8Est - - - - -
Qconee 15-28 74 8-21 6.0 1.0 - 0 13 -

10.0 (NRC) - 25(NRC) 23(NRC) -

BWR
Quad City 19.7 9.9 9.8 83 1.3 - 0.01 0.01 0.2
Cooper 43.7 289 14.8 8.1 1.1 - s. 04 0.2
Limerick 9.2 84 0.8 0.5 03 - - - -
Shoreham 7.4 54 20 - - 20(NRC) - -

IP2/TP3—Indian Point 2/Indian Point 3
MS3—Millstone 3
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consistent with the statement in the Commission’s
Severe Accident Policy that systematic examinations
are beneficial in identifying plant-specific vulner-
abilities to severe accidents that could be fixed with
low-cost improvements. References D.2, D.4, D.6,
and D.11 all acknowledged that systematic examina-
tions are valuable tools for gaining insights into the
plant operation and identifying cost-effective plant
improvements.

Another indication that earthquakes can be impor-
tant risk contributors can be seen from the earth-
quake experience on foreign nuclear power plants.
For example, (1) On April 22, 1987, Fukushima
units 1, 3, and § in Japan, tripped as a result of an
earthquake with a magnitude of 6.6; and (2) On
March 4, 1977, one steam generator at the Kozloduy
nuclear power plant in Bulgaria was displaced by §
inches. This earthquake experience caused a major
overhaul in the seismic design of later Russian
plants. It also resulted in a major backfit at the
Armenia unit 2 in Soviet Russia.

Therefore, based on risk considerations and the po-
tential for identifying cost-effective improvements,
the NRC concludes that seismic events should be
included in the IPEEE.

The vse of both Seismic Hazard Curves (LLNL and
EPRI Seismic Hazard Curves) was questioned
(Refs. D.1, 6, 7, 11, & 20)

There is not enough earthquake data at this time to
determine precisely the validity of a single curve. In
other words, there is no way to conclusively validate
or dispute either curve. Therefore, both the LLNL
and EPRI seismic hazard curves are recommended
for use in the seismic PRASs. This is consistent with
the recommendation of the NUREG-1150 peer re-
view group. An acceptable alternative for licensees
choosing to perform only one analysis is to use the
higher curve. Also see response 7.8.

Are extensive margin calculations needed for all
components? (Ref. D.7)

Extensive calculations of HCLPFsare not needed in
order to achieve the NRC’s goals for the seismic
IPEEE. Refer to response 7.17 for the scope of
margins evaluations. Also, see revised Sections
3.2.4.6 and 3.2.5.7 of this report.

IPEEE Objectives and Methods: “, . . recommend
that the objectives of the IPEEE be modified to
better delineate IPEEE objectives for each of the
accepted methodologies, or other non-probabilistic
methods that may be proposed by licensees.” (Ref.
D.1) .

D-11
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References to probabilities are now eliminated from
the objectives. The IPEEE objective is to gain a
qualitative understanding of the overall likelihood
of core damage and fission product releases. This is
different from that of the IPE, where quantitative
understanding is emphasized. In Section 1.2 of this
report, the staff has acknowledged specifically that
“some methods have been developed for evaluating
external hazards and identifying vulnerabilities that
do not produce estimates of core damage frequency.
. . .Thus, objective 3 above would be addressed only
indirectly for some methods to be used in the
IPEEE” It should be noted that the seismic margin
methods were derived from seismic PRAs. The ob-
jectives have been reworded to emphasize this point.

Also, see the staff response to items 1.11 and 1.14.

Scope and Depth of Assessment: “The scope of
evaluations requested for seismic IPE is more exten-
sive than needed to satisfy the Severe Accident Pol-
icy Statement.” (Ref. D.1)

The staff, based on a NUMARC recommendation,
has defined three review categories with varying lev-
els of effort. This approach leads to an overall reduc-
tion in the effort to carry out the examination. Addi-
tional details are discussed in response to comment
7.17.

Seismically induced floods are mentioned for the
first time in draft NUREG-1407, Section 6.3.2 and
not in Generic Letter 88-20 Supplement 4. We un-
derstand that the scope of review for seismically
induced external flooding is limited to a review of
external sources of water (e.g., tanks, upstream
dams, or other significant structures) and not inter-
nal water sources such as piping. This should be
clearly stated in Generic Letter 88-20, Supplement
4, in order to avoid possible confusion in future
interpretations. (Ref. D.1)

The scope of the seismically induced floods, in addi-
tion to the external sources, includes the evaluation
of some internal flooding consistent with the discus-
sion in Appendix I, Check Lists and Walkdown Data
Sheets, of EPRI NP-6041. Section 6.3.2 will be
modified to include reference to EPRI NP-6041. In
addition, the generic letter has been modified.

Draft Generic letter 88-20, Supplement 4, Section 5
lists the three related programs subsumed in the
IPEEE: (1) the external event portion of USI A-45,
“Shutdown Decay Heat Removal Requirements,”
(2) GI-131, “Potential Seismic Interaction Involving
the Movable In-Core Flux Mapping System Used in
Westinghouse Plants,” and (3) the “Charleston
Earthquake Issue.” When the IPEEE is utilized for
closure of a subsumed issue, we understand that no
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special evaluation, documentation, or reporting will
be needed beyond the program defined by IPEEE
(Ref. D.1).

It is generally true that evaluation and reporting
beyond that identified in this report should not be
required for subsumed issues except for any addi-
tional information that may be needed as a part of
the normal staff review of the IPEEE submittal.
Note though, that the IPEEE submittal is to address
specifically USI A-45 and GI-131. Closure of the
IPEEE also means closure for these issues. No spe-
cific reporting requirements are identified for the
Eastern U.S. Seismicity Issue, formerly identified as
the Charleston Earthquake Issue.

Seismic hazard related comments from Ref. D.1, p
8, Comment 1, are summarized as follows:

a. Use of two hazard curves is not needed. Addi-
tional expenses for two analyses not justified.

b. The EPRImethodology hasbeen reviewed and
accepted by the USGS. The LLNL results are
not realistic.

a. The staff has revised its position regarding the
use of hazard curves for a PRA analysis in re-
sponse to this and other similar comments. The
staff still prefers that both LLNL and EPRI
hazard curves be used in an analysis as this will
serve to highlight uncertainties in the bottom
line numbers as well as robustness in the
identification of vulnerabilities. However, an
option of using one hazard curve is now in-
cluded provided the higher hazard curve of the
two is used. The reasons for using the higher
hazard curve are twofold. One, as discussed in
more detail in b. below, is that the validity of
one curve over the other has not been deter-
mined yet. The second is that the use of the
higher hazard curve will ensure that all poten-
tial seismic sequences are identified.

Comments related to expenses appear to re-
sult, to a certain extent, from a misunderstand-
ing of the scope of analyses required to obtain
results using two hazard curves. Similar com-
ments were also made at the workshop specifi-
cally suggesting that two hazard curves will ne-
cessitate two separate plant response and
fragility analyses. However, the staff never in-
tended that two separate response or fragility
analyses would be needed and therefore speci-
fied only one spectral shape. This point is fur-
ther emphasized in Section 3.1.1.2 of this re-
port by categorically stating: “Since only one
spectral shape is used for both hazard analyses,
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two separate plant response and fragility analy-
ses are not needed.” The additional effort to
generate results from an additional hazard
curve is relatively trivial, and requires convolu-
tion of a hazard curve with the existing plant
level and sequence level fragility curves.

b. Licensees east of the Rocky Mountains usinga
seismic PRA for the IPEEE examination are
requested to use the results of two seismic haz-
ard studies. These studies, conducted by the
Lawrence Livermore National Laboratory
(LLNL)and the Electric Power Research Insti-
tute (EPRI), represent a state-of-the-art devel-
opmental effort. However, for reasons associ-
ated with methodology development, these two
studies can produce significantly different seis-
mic hazard curves.

The uncertainty associated with seismic hazard
assessment is clearly demonstrated when one
compares the vast differences between the
mean, median, 15th, and 85th percentile esti-
mates associated with one curve. The differ-
ences between the LINL and EPRI hazard
curves further demonstrate the large uncer-
tainty.

In an attempt to resolve the differences be-
tween the two curves the staff requested assis-
tance from the National Academy of Sciences.
The Academy has criteria it uses to evaluate
scientific and technical approaches used in re-
search. It concluded that both studies followed
good scientific procedures and practices, and
therefore both studies are credible. Therefore,
the staff is encouraging licensees to use both
LLNL and EPRI seismic hazard curves in the
IPEEE evaluation. However, if only one curve
is used, it should be the higher one. As stated
earlier, the use of both will serve to identify
differences, if any, in the delineation of domi-
nant seismic sequences. Although NUREG-
1150 studies did not identify any significant dif-
ferences in ranking and contributions, vari-
ations in contributions and rankings could oc-
cur when curves have markedly different slope
characteristics. Taken together, these pieces of
data (contributions and rankings from both
hazard estimates) give a complete representa-
tion of the seismic event. These data will be
extremely useful to the licensee in identifying
plant vulnerabilities and deciding if plant modi-
fications are warranted.

The NUMARC claim about the review and accept-
ance of the EPRI methodology by USGS appears to
mischaracterize the extent and intent of the USGS
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review. Certain observations need to be made re-
garding the USGS review of the EPRI methodology.
First of all, the USGS reviewed the EPRI methodol-
ogy as a staff contractor and their findings were
incorporated in the staff Safety Evaluation Report
(SER) addressing this methodology. Second, the re-
view was limited to the methodology and did not
include geology, tectonics, ground motion, or site
specific results. The staff SER (Richardson, 1988)
clearly stated that acceptance was limited to the
methodology, and any application to regulatory is-
sues was not part of the approval. Finally, there were
anumber of caveats in both the USGS and the staff
evaluations and neither indicated a blanket accept-
ance of the EPRI results. The staff conditioned its
approval by noting several areas in which problems
may arise if certain precautions were not observed
based on the USGS review. The staff concluded that
“, . . the staff intends to use seismic hazard calcula-
tions resulting from the application of the SOG/
EPRI methodology in conjunction with similar
results obtained from LLNL Seismic Hazard Char-
acterization Program (SHCP). If significant differ-
ences are observed that can not be resolved, the
NRC staff will use the two sets of calculations to
define the range of seismic hazard to be used in the
decision making process. In any case, these uncer-
tainties are such that the specific calculation of seis-
mic hazard, be it that obtained by EPRI or LLNL,
should be viewed with some caution. The staff finds
that seismic hazard calculations are better used for
making relative comparisons than for placing reli-
ance upon the specific numerical estimates.”

The two Eastern U.S. plants that were placed in the
0.5g RLE bin need not be reviewed at that level.
Recommend adding a footnote that should read
“. . . indicates an Eastern U.S. Site whose RLE is
greater than 0.3g unless the licensee can demon-
strate on site specific examination that the plant’s
seismic exposure is similar to, or less than, those
plants assigned to 0.3g RLE”. (Refs. D.1, 10, and 14)

Since the publication of the draft generic letter and
the guidance document, both plants placed in the
0.5g RLE bin have committed to either enhance the
existing PRA (Ref. D.2) or to perform a new seismic
PRA (Ref. D.19); therefore, they have been re-
moved from this category.

7.10 Reporting of HCLPF values for components, se-

SR:

quences, and the plant for both new and existing
PRAs should not be required. (Ref. D.1)

The staff has accepted this comment and the report-
ing of HCLPF values for licensees using PRA meth-
ods is now optional. The staff has also indicated that
this information is readily available from PR As, and
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the staff intends to use HCLPF or margin related
insights in the evaluation of the IPEEE submittals. It
should be further noted that it is a current practice
to include HCLPF information in PRA submittals.

7.11 Draft Generic Letter 88-20, Supplement 4, Appen-

SR:

dix 4, Section 4.2.2, Item 6, for SMA method, calls
for calculation of HCLPF values “with or without
nonseismic failures and human actions.” This item
should be clarified to state that it does not apply to
the EPRI SMA methodology. We understand that
was the intent because, in the EPRI SMA method,
success paths are chosen avoiding unreliable equip-
ment and unrealistic human recovery actions. (Ref.
D.1)

The staff agrees and will clarify the noted item. Also,
see response to item 7.6 of Section D.1 of this Ap-
pendix.

7.12 With regard to the containment performance evalu-

SR:

ation (Ref. D.1):

a. Itshould be clarified that only systems required
to prevent early containment failure need tobe
assessed.

b. For reduced-scope plants, we recommend no
containment performance evaluation.

a. The staff has now included this clarification
(see the staff response to item 7.7 of Section
D.1 of this Appendix).

b. Thestaff is still recommending retention of the
walkdown of containment systems necessary to
prevent early failures because the walkdown
will identify anchorage and spatial interaction
problems that can occur. Such a review of con-
tainment is consistent with the defense-in-
depth philosophy adopted in other parts of this
program.

7.13 The draft generic letter states that the Charleston

SR:

earthquake issue is subsumed in the IPEEE and that
completion of the IPEEE will constitute a resolution
of the Charleston earthquake issue. We believe the
Charleston earthquake issue should be closed based
on the information contained in EPRI Report,
NP-6395-D. (Ref. D.1, & Ref. D.5, Attachment 1)

The issue of the 1886 Charleston earthquake has
been resolved. The issue of eight outlier plantsiden-
tified thru the Eastern U.S. Seismicity program has
been subsumed in the IPEEE and no specific report-
ing is required to close this issue. The staff will
review the IPEEE results for the affected plants.

7.14 Median estimates of seismic hazard curves should be

used rather than mean values. Mean values are
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unduly influenced by outlier experts and thus are
unstable. Median values are less affected by the
extreme estimates and thus provide more stability.
(Ref. D.1)

SR: The staff is recommending the use of mean hazard
curves for the following reasons: (1) The use of mean
hazard curves and mean fragility curves will lead to
approximate mean level frequencies for core dam-
age. No statistical meaning can be attached to a
point estimate obtained through use of median haz-
ard curves. (2) The instability and uncertainties are
better presented by displaying mean results from
two hazard studies as recommended by the staff. The
use of median curves is tantamount to ignoring un-
certainties and some expert opinions without an
adequate technical basis.

7.15 Scope of relay chatter evaluation. (Ref. D.1)

SR: See the staff response to item 7.17 of this section,
response to Attachment 1 of Ref. D.1.

7.16 If the intent for the NRC SMA method is to require
the development of level 1 and 2 functional se-
quences from event trees, the cost of SMA using the
NRC method would be -substantially increased.
(Ref. D.1)

SR: The staff does not require the development
of functional event trees beyond that contained
in NUREG/CR-4334, NUREG/CR-4482, and
NUREG/CR-5076, to address containment per-
formance issues when the margin approach is used.
(Note that for the PRA approach the tie-in between
Level 1 and Level 2 is quite clear, and this should not
be an issue). As stated in this report, the licensee
should develop its own containment performance
plans based on the IPE results. What is required is to
examine containment functions (regardless of the
plant damage states that may be indicated by Level 1
margin sequences or success paths) required to pre-
vent early failures and report HCLPFs for these
functions and components if betow the RLE. Obvi-
ously, a licensee has an option to develop Level 2
trees at its discretion. Discussions of various ways to
extend Level 1 margin analysis to Level 2 are con-
tained in Budnitz 1991a and 1991b for both NRC
and EPRI methods. (This is suggested for general
guidance, no specific requirements based on these
references are implied.) A success path oriented
approach is also discussed in Ref. D.1 and Reed, et
al.,, 1990. In summary, the cost of the NRC SMA
method need not be greater than the EPRI SMA
method.
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7.17 Summary of NUMARC recommendations for the

SR:

SR:

SR:

implementation of the seismic aspects of Generic
Letter 88-20, Supplement 4. (Ref. D.1, Attachment

1

The staff responses to these summary recommenda-
tions are provided section by section in accordance
with Attachment 1 of Ref. D.1. Many of these rec-
ommendations have been discussed earlier. De-
tailed discussion is included only when the staff does
not agree totally with a recommendation.

Selection of Full-, Focused- and Reduced-Scope
Plants

Reduced-scope, 0.3z RLE Review (Full-scope and
Focused-scope SMA):

The staff has accepted the NUMARC suggestion of
creating full- and focused-scope categories in the
0.3g bin. The 0.3g bin is subdivided into the full and
focused scope based on the NUMARC suggested
approach of using both hazard and seismic design
basis as parameters. Additional consideration was
also given to the identification of outlier plants re-
sulting from resolution of the Charleston earth-
quake issue (see Appendix A of this report for more
discussion).

0.5 RLE Review: Provide opportunity to two East-
ern U.S. plantsin the 0.5g bin to submit site-specific
justification for a binning change from 0.5g to 0.3g,
similar to consideration given to Western US plants.

See response to item 7.9 of this section.

Multiple Units at a Site: Lessonslearned in evaluating
the first unit may be used in examining the other
unit(s); in particular, any areas of concern that may
be identified during the evaluation of the first unit
would be examined in the other unit(s). Otherwise,
the scope of review for the other unit(s) can be
reduced accordingly.

The staff agrees that results and findings from the
first unit should be used to help in the evaluation of
other units, provided appropriate similarities exist.
However, such judgements can be made only on a
case-by-case basis. This report has been revised to
include a statement to this effect. In any event, walk-
downs of all units will have to take place to ensure
similarities. It is very likely that the greatest reduc-
tion would be achievable in analytical effort.

Scope of Deterministic Seismic Review: Identification
of Success Path Elements. For all three types of
review (full-, focused-, and reduced-scope), proced-
ures for identifying structures and equipment to be
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reviewed are the same and are based on the recom-
mendations in EPRI Report NP-6041.

The staff agrees and has referenced EPRI NP-6041
as the primary document for the EPRI success path
methodology. However, due consideration should
be given to supplemental comments made in Sec-
tions 3.2.5.1 and 3.2.5.8 of this report regarding the
selection of success paths.

Containment Review: The full- and focused-scope
SMA reviews should be limited to evaluation of only
those functions that are necessary to prevent early
containment failure.

See the staff response to item 7.12 of this section.

Relay Evaluation: The following table outlines the
NUMARC recommended position on relay chatter
evaluation. This table is based on presentation made
to the staff by NUMARC on November 29, 1990.

Table 7.17.1 NUMARC Recommendations for Relay

Chatter Review

Review Type

Plant Type Recommended Review

Full-scope

Focused-scope

Reduced-scope

A-46 Evaluate A46 per A-46.
For relays within IPEEE
(not in A-46), perform a
bad actors review.
Perform a bad actors
review for all relays
within IPEEE.

Evaluate A-46 relays per
A-46 (SSE). If bad actors
are found, expand scope
to include IPEEE relays.
Perform a bad actors
review for all relays
within IPEEE.

Perform A-46 review. No
additional review for
IPEEE relays.

Non A-46 No relay evaluation.

Non A-46

A-46

Non A-46

A-46

SR:

The staff recommended relay chatter evaluation is
outlined in the following table.
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Table 7.172 NRC Recommendations for Relay Chatter

Review

Review Type

Plant Type Recommended Review

Full-scope

Focused-scope

Reduced-scope

A-46 Follow A-46 procedures
for A-46 review. Expand
scope to include IPEEE
systems using appro-
priate margin or A-46
procedure. Review at
assigned RLE.

Review all IPEEE
systems using appro-
priate procedures at
RLE

Non A-46

Same as NUMARC
recommendation.
Same as NUMARC
recommendation.
Same as NUMARC
recommendation.
Same as NUMARC
recommendation.

A-46
Non A-46
A-46
Non A-46

SR:

SR:

Comparison between Tables 7.17.1 and 7.17.2 indi-
cates that the staff is in agreement with NUMARC
on the focused- and reduced-scope categories en-
compassing the majority of plants. Reasons for dif-
ferences in the full-scope review are discussed in
Section 3.2.1 of this report. It should be noted that,
for plants performing PRAs, the scope of the relay
review is also defined by the above table.

Soil Failure Investigation: For plants in the focused-
scope SMA category, a review based on the design
and construction record is considered adequate. A
review of soil failure should not be required for
plants in the reduced-scope bin.

The staff has adopted both recommendations. For
the focused-scope category, the use of design and
construction records is considered adequate pro-
vided appropriate data is available. A detailed analy-
sis will be performed at the licensee’s discretion if
soil failure is found to be significant. For the
reduced-scope bin, no soil evaluation is required.
However, it should be noted that the need and the
effort required to evaluate soil failure is site specific
and should be determined on a case-by-case basis.

Screening Criteria: Tables 2-3 and 2-4 of EPRI
NP-6041 can be used. The A-46 screening guidance
given in the Generic Implementation Procedure
(GIP) may also be used.

The staff has adopted this recommendation. It
should be noted that all caveats given in the margin
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methodology as well as limitations on the use of
GERs should be observed, and the IPEEE review is
to be performed at the assigned RLE. Spatial inter-
action issues, such as flooding discussed in EPRI
NP-6041, must be addressed.

.8  Evaluation of Outliers: For both full- and focused-
scope SMA reviews, HCLPFs should be determined
for elements not screened out during a walkdown.
For focused-scope reviews, it is recommended that
judgement be used to rank the capacities of the
outliers from the lowest to the highest. HCLPF ca-
pacities should be calculated as necessary for some
components, other components should be assigned
conservative HCLPFs. For reduced-scope plants,
outliers should be evaluated according to the plant
FSAR.

SR: The staff has adopted these recommendations. See
Sections 3.2.4.6 and 3.2.5.5 of this report.

.9 Seismic Input: For full- and focused-scope SMA re-
views, use NUREG-0098 median spectra anchored
to the RLE for the plant. For reduced-scope re-
views, use spectra developed for the SSE ground
response spectrum.

SR: The NUMARC recommendation of the use of
NUREG-0098 is consistent with the staff recom-
mendation. The suggested recommendation for the
reduced-scope review is accepted with a caveat that
any difference between FSAR and new response
spectra should be highlighted and discussed.

.10 Review Documentation: The documentation of the
IPEEE for the full- and focused-scope SMA review
should follow the guidance outlined in EPRI Report
NP-6041. The report for the reduced-scope review
should be concise.

SR: The staff expects that information outlined in Ap-
pendix C will be included in the IPEEE submittals.

Integration of IPEEE and A-46 Reviews:

.11 It is recommended that IPEEE and USI A—46 re-
views be conducted concurrently and that the review
tasks be combined whenever possible.

SR: The staff welcomes the NUMARC emphasis on in-
tegrating these two major seismic efforts; this rec-
ommendation is consistent with the staff philosophy
discussed in Section 6 of this report.

Scope of Seismic Review Using SPRA Approach:

12 Use of Seismic Hazard Results:
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a. Hazard results presented in EPRI Report
NP-6395-D can be used in performing the
SPRA.

b. NRC should allow licensees an opportunity to
perform site specific studies in order to develop
new, more realistic seismic hazard data.

a. See the staff response to item 7.8 in this section.

b. Licensees always have the option to conduct
additional studies they deem necessary and
present them to the staff for review. However,
the new hazard should not be used in lieu of the
LILNL hazard, but it can be used to provide
additional insight into uncertainties.

Fragility Calculations: Mean fragility curves are ade-
quate for fragility calculations.

This is identical to the staff position.

Relay Chatter: Consideration of relays in a seismic
PRA should be limited to relays with low seismic
ruggedness.

The staff preference is that the relay chatter review
scope be defined by the plant categorization used in
the margin review. That is, for a plant identified in
the full-scope category, if the licensee chooses to
conduct a seismic PRA, the relay review is to be
done as outlined for that category. Relay fragilities
and recovery actions should be modeled in the PRA
as appropriate.

HCLPF Calculations: HCLPF calculations should
not be required for a SPRA.

The staff has made this an optional recommenda-
tion. See response to item 7.10 of this section.

7.18 The New Hampshire Yankee and Boston Edison

SR:

requested that the NRC recognize their use of PRA
for performing the seismic portion of the IPEEE, in
both NUREG-1407 and GL 88-20, Supplement 4,
prior to final issuance. (Refs. D.2 & 19)

The staff has modified GL 88-20, Supplement 4,
and this report to acknowledge the licensee’s com-
mitment to use PRA.

7.19 An alternate binning approach, using both hazard

SR:

and seismic design basis considerations, should be
considered. (Ref. D.4)

From several suggestions regarding the binning
process, the staff has accepted the binning process
recommended by the NUMARC to further subdi-
vide the 0.3g bin plants into the full- and focused-




scopes. Many of the individual utilities have en-
dorsed the NUMARC comments.

7.20 Utilities should be given the option of using either
LINL or EPRI hazard results. (Ref. D.5, Attach-
ment 1)

SR: See the staff response to item 7.8 of this section.

7.21 The IPEEE should not be required for closure of
Charleston for every plant. (Ref. D.5)

SR: See the staff response to item 7.13 of this section.

7.22 The NRC should consider modifying the bin catego-
ries based on the design hazard concept proposed
jointly by NUMARC/EPRI. An alternate binning
scheme is suggested. (Ref. D.5)

SR: The staff has considered the NUMARC/EPRI ap-
proach in further subdividirig the 0.3g bin. The staff
binning approach is- more consistent with the
NUMARC suggested approach in Ref. D.1.

7.23 Clarify the extent of peer review for the seismic
IPEEE. (Ref. D.5)

SR: The staff intent is now clarified in Sections 3 and 7 of
this report and the generic letter, the extent of the
peer review should be consistent with the IPE guid-
ance as provided in NUREG-1335.

7.24 The use of two hazard curves is illogical. Allow the
use of EPRI hazard data. (Ref. D.5)

SR: See the staff response to item 7.8 of this section.

7.25 Recommend deleting the containment walkdown
for reduced-scope studies. (Ref. D.5)

SR: See the staff response to item 7.12 of this section.

7.26 In Section 3.2.6 there is some confusion. If you uti-
lize the IPE to identify “success paths,” then you
would not identify sequences and seismic failure
modes that are significantly different from those
found in the IPE internal event evaluation. (Ref.

D.5)

SR: Even if the IPE is used to identify success paths,
failure modes such as passive failures, structural
failures, and spatial interaction failures are gener-
ally not considered in an internal event IPE. Addi-
tionally, the “common cause” effect created by a
seismic event is unique in that the entire plant is
subject to the ground motion causing combinations
of failures that may not be manifested in an internal
event IPE. Thus different failure modes and combi-
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nations of failures can induce sequences that are
different from those found in the IPE internal event
evaluation.

7.27 The Charleston issue should be closed for a majority
of the Eastern U.S. plants; for the outliers, the issue
can be subsumed through the IPEEE.

SR: The staff agrees. See response to item 7.13 of this
section.

7.28 Does Section 6.3.2 imply that seismic event success
paths must also be simultaneously protected from
postulated fire/floods? The sentence “The effects of
seismically induced external flooding and internal
flooding on plant safety should be included” is not
clear. (Ref. D.5) ’

SR: With regard to floods, see the comment and the staff
response to item 7.6 of this section.

With regard to fire, see the staff response toitem 6.2
of this section.

7.29 The sentence “However, the licensee should assess
the significance of HCLPF values lower than RLE
and take any necessary actions and make other im-
provements that are deemed appropriate by 