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Figure 13,1 Benefits of accident mima’gement strategies,















13. Resource Document

Table 13.1 Utility of NUREG~1150 PRA process to other plant studies.

Example Results

Applicability

Class of Plants Plant Population

i. Methods (e.g,, uncértainty, elicitation, event tree/ high high

fault tree)

2. General perspectives (e.p., principa] contributors to medium ‘ low

core damage frequency and risk)

3. Supporting data base on design features, operational = high medium
charactensncs, and phenomenology (e.g., hydrogen .

generation in core damage accidents, operational

data)

4. Quantitative results (e.g., core damage frequency, low low

containment performance, risk)

Site-specific requirements and differing utility re-
quirements often lead to significant differences in
support system designs (e.g., ac power, dc power,
service water) that can significantly influence the
response of the plant to varlous potential acci-
dent-initiating events. Further, different opera-~
tional practices, including maintenance activitles
and techniques for monitoring the operational re-
Hability of components or systems can have a sig-
nificant influence on the likelihood or severity of
an accident,

13,2.2 Guidance for Accident Managemeni
Strategies

Certain preparatory and recovery measures can be
taken by the plant operating and technical staff
that could prevent or significantly mitigate the
consequences of a severe accident, Broadly de-
fined, such “accident management” includes the
measures taken by the plant staff to (1) prevent
core damage, (2) terminate the propress of core
damage if it begins and retain the core within the
reactor vessel, (3) maintain containment integrity
as long as possible, and finally (4} minimize the
consequences of offsite releases. In addition, acci-
dent management includes certain measures taken
before the occurrence of an event (e.g., improved
training for severe accldents, hardwate or proce-
dure modificatlons) to facllitate implementation of
accident management strategies. With all these
factors taken together, accident management is
viewed 8§ an important means of achieving and
maintaining a low risk from severe accidents.

Under the staff program, 'accident management
programs wiil be developed and implemented by

Heensees, The NRC will focus on developing the
regulatory framework under which the industry
programs will be developed and implemented, as
well as providing an independent assessment of
licensee-proposed aceident management capa-
bilities and strategies, NUREG-1150 has been
used by the NRC staff to support the development
of the accident management program. NUREG-
1150 methods provide a methodological frame-
work that can be used to evaluate particular
strategies, and the current results provide some in-
sights into the efficacy of strategies in place or that
might be considered at the NUREG-1150 plants,
Thus, the NUREG-1150 methods and resttlts will

" support a staff review of licensee accident man-

agement submittals.

PRA information has been used in the past to in-
fluence accident management strategies; however,
the methods used in NUREG-1150 can bring
added depth and breadth to the process, along
with a detailed, explicit treatment of uncertainties.
The integrated nature of the methods is particu-
larly important, since actions taken during early
parts of an accident can affect later accident pro-
gression and offsite consequences. For example,
an aceident management strategy at a BWR may
involve opening a containment vent. This action
can affect such things as the system response and
core damage frequency, the retention of radioac-
tive material within the containment, and the tim-
ing of radionuclide releases (which impacts evacu-
ation strategies), It is possible that actlons to
reduce the core damage frequency can yleld
accldent sequences of lower frequency but with
much higher consequences, All these factors need
to be considered in concert when developing

NUREG-1150
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appropriate venting strategies. The treatment of
uricertainties is another key aspect of accldent
management. Generally, procedures are devel-
oped based on “most likely” or "expected” out-
comes, For severe accidents, the outcomes are
particularly uncertain. PRA models and results,
such as those produced in the accident progres-
sion event trees, can identify possible alternative
outcomes for important accldent sequences. By
making this information available to operators and
response teams, unexpectsd events can be recog-
nized when they occur, and a more flexible ap-
proach to severe accidents can be developed, The
recent trend toward symptom-based, as opposed
to event-based, procedures is consistent with this
need for flexibility.

To demonstrate the potential benefits of an acci-
dent management program, some example calcu-
lations were performed, as documented in Refer-
ence 13.20, For this injtial demonstration, these
calculations were limited to the internal-event ac-
cident sequence portion of the analysis, Further,
the numerical results presented are "point esti-
mates” of the core damage frequency as opposed
to mean frequency estimates. Selected examples
from the initial analysis are presented below.

Effect of Firewater System at Grand Gulf

The first NUREG-1150 analysis of the Grand
Gulf plant (Ref. 13.21) did not credit use of the
firewater system for emergency coolant injection
because of the unavailability of operating proce-
dures for its use in this mode and the difficultles
in physically configuring its operation. However,
since that time, the licensee has made significant
system and procedural modifications. As a result,
the firewater system at Grand Gulf can now be
used as a2 backup source of low-pressure coolant
injection to the reactor vessel. The system would
be used for lonp-term accident sequences, i.&.,
where makeup water was provided by other injec-

tion systems for several hours before their subse- .

quent failure, The firewater system primarily aids
the plant during station blackout conditions and is
considered a last resort effort.

An e¢xamination has been made of the benefit of
these licensee madifications to the Grand Gulf
plant. As shown in Fipure 13.1, these analyses
showed that the total core damage frequency was
reduced from 4E-6 to 2E-6 per reactor year be-
cause of these changes,

NUREG-1150

Effect of Feed and Bleed on Core Dyamage
Frequency at Surry :

The NUREG~1150 analysis for Surry includes the
use of feed and bleed cooling for those sequences
in which all feedwater to thée steam generators is
lost (thus causing their loss as heat removal sys~
tems). Feed and bleed cooling restores heat re-
moval from the core using high-pressure injection
(HP]) to inject into the reactor vessel and the
power-operated relief valves (PORVs) on the
pressurizer to release steam and regulate reactor
coolant system pressure,

An examinaton has been made to determine to
what extent feed and bleed cooling decreases core
damage frequency at Surry. The current Sutry
model includes two basic events representing fail-

. ure modes for feed and bleed cooling in the event

of a loss of all feedwater. These modes are: opera-
tor failure to initiate high-pressure injection and
operator failure to properly operate the PORVs,
In order to examine the impact of feed and bleed
cooling, both basic events were assumed to always
occur. As shown in Figure 13.1, the resulting total
core damage frequency for Surry (if feed and
bleed cooling were not available) then increases
by roughly a factor of 1.3, That is, the availability
of the feed and bleed core cooling option in the
Surry deslgn and operation is estimated to reduce
core damage frequency from 4E-5 to 3E-5 per
reactor year, ‘

Gas Turbine Generator Recovery Action at
Surxy

The present NUREG-1150 modeling and analysis
of the Surry plant have not considered the bene-
fits of using onsite gas turbine generators for re-
covery in the event of statlon blackout accidents,
Both a 25 MW and a 16 MW pas turbine genera-
tor are available to provide emergency ac power to

_safety-related and non-safety-related equipment.

These generators were not included in the analysis
because, as cutrently configured, they would not
be available to mitipate important accident se-
quences. .

An examination has been made-of the effect on
core damage frequency at Surry of including the
gas turbine generators as a means of recovery
from station blackout sequences. To give credit
for the additlon of one generator for emergency
ac power, it is assumed that Surry plant personnel
have the authority to start the gas turbines when
required and that 1 hour s required to start the
gas turbines and energize the safety buses, In the
analysls, the gas turbines were assumed to be
available 90 percent. of the time,
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The use of the onsite gas turbine was estimated to
retuce core damage frequency from 3E-5 to
2E~5 per reactor year.

High-Pressure Injection and Auxiliary Feed-
water Crossconnects at Surry

The Surty Unit 1 plant is configured to recover
from loss of either the high-pressure injection
(HPI) system or the auxillary feedwater (AFW)
system by operator-initiated crossconnection to
the analogous systern at Unit 2, While these ac-
tions provide added redundancy to these systems,
new failure modes (e.g., flow diversion pathways)
that were included in the modeling process for
Surry have been created. The alignment of the
Unit 1 and Unit 2 HPI and AFW systems for
crossconnect injection is modeled as a recovery
action, '

Analysis of the importance of crossconnect injec~
tlon at Surry includes two parts. First, credit for
crossconnect injection was removed from all ap-
plicable dominant sequences, which were then re-
quantified. Second, sequences that were previ-
ously screened out of the analysis were checked 10
determine if they would become dominant in the
absence of crossconnect injection, As shown in
Figure 13.1, the point estimate of the total core
damage frequency without crossconnects is 1E-4,
compared to the value of 3E~5 for internally initi~
ated events in the base case.

Primary Containment Venting at Peach
Bottom

The primary containment venting (PCV) system at
Peach Bottom js used tg prevent primary contain-
ment overpressurization during accident se-
quences in which all containment heat removal is
lost. Most sequences of this type involve failure of
the residual heat removal systems. Because of the
existence of this venting capability, no such acci-
dent sequences appeared as dominant in the
NUREG-1150 analysis for Peach Botton,

The effect of the PCV system on the core damage
frequency at Peach Bottom was determined by ex-
amining the sequences screened out in the
NUREG-1150 angalysis that included the PCV sys-
tem as an event (primarlly the sequences involving
loss of containment heat removal), Credit for the
PCV system was removed from these sequences,
which were then summed and added to the cur-
rent point estimate of the core damage frequency.
As shown in Figure 13.1, this results in a point
estimate of the Peach Bottom core damage fre-

NUREG-1150

quency withowt containment venting of 9E-6,
sbout a factor of 2.6, incréase over the
NUREG-1150 vailue of 4E~6,

13,2.3 Improving Containment Performance

The NRC has performed an assessment of the
need to improve the capabilities of containment
structures to withstand severe accidents (Ref.
13.1). Staff efforts focused Initially on BWR
plants with a Mark I containment, followed by the
review of other containment types. This program
was intended to examine potential enhanced plant
and containment capabilities and procedures with
regard to severe accident mitigation, NUREG-
1150 provided information that served to focus at-
tention on areas where potenttal containment per-
formance improvements might be realized,
NUREG-1150 as well as other recent risk studies
indicate that BWR Mark 1 tisk is dominated by
station bluckout and anticipated transient without

"scram (ATWS) accident sequences. NUREG-

1150 further provided a model for and showed
the benefit of a hardened vent for Peach Bottom
(discussed above and displayed in Figure 13.1).
The staff i$ currently pursuing regulatory actions
to require hardened vents in all Mark I plants,
using NUREG-1150 and other PRAs in the cost-
benefit analysis.

The NUREG-1150 accident progression analysis
models were used by the staff and its contractors

. in the evaluation of possible containment im-

provements for the PWR ice condenser and BWR
Mark III designs. The result of the staff reviews of
these designs (and all others except the Mark I)
was that potential improvements would best be
pursued as part of the individual plant examina-
tion process (discussed in Section 13.2.1).

13.2.4 Determining Important Plant
Opeérational Features

NUREG-1150 will provide a source of informa-
tion for investigating the importance of opera-
tional safety Issues that may arise during day-to-
day plant operations. The NUREG-1150 models,
methods, and results have already been used to
analyze the importance of venting of the suppres-
sion pool, the importance of keeping the PORVs
and atmospheric dump vaives unblocked, the im-
portance of operational characteristics of the ice
condenser containment design, the lmportance of
operator recovery during an accident sequence,
and the importance of crossties between systems.
These operational and system characteristics, as
well as many others, are described in detail in
Chapters 3 through 7, For example, characteris-
tics of the Surry plant design and operation that
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8. PERSPECTIVES ON FREQUENCY OF CORE DAMAGE

8.1 Introduction

Chapters 3 through 7 have summarlzed the core
damage frequencies individually for the five plants
assessed in' this study, Significant diiferences
among the plants can be seen in the results, both
in terms of the core damage frequencles and the
particular events that contribute most to those fre-
quencles, These differences are due to plant-spe-
cific differences in the plant designs and opera-
tional practices, Despite the plant-specific nature
of the study, it is possible to obtain impottant per-
spectives, that may have implications for a larger
number of plants and also to describe the types of
plant-specific features that are likely to be impor-
tant at other plants, This chapter provides some of
these perspectives.

8.2 Summary of Results

As discussed in Chapter 2, the core damage fre-
quency is not & value that can be calculated with
absolute certainty and thus is best characterized
by a probability distribution, It js therefore dis-
cussed in this report in terms of the mean, me-
dian, and varlous percentile values, The internal-
event core damage frequencies are illustrated
graphically in Figure 8.1 (Refs, 8.1 through 8.5),
The figure does not include the contributlons of
external events, which are discussed in Section
8.4, .

In Figure 8.1 the lower and upper exiremities of
the bars represent the 5th and 95th percentiles of
the distributions, with the mean and median of
each distribution also shown. Thus, the bars in-
clude the central 90 percent of the distributlons (it
should be remembered that the distributions are
not uniform within these bars), These figures show
that the range between the 5th and 95th percen-
tiles covers from one to two orders of magnitude
for the five plants. There is also significant overlap
among the distributions, as discussed below. The
reader should refer to References 8.1 through 8.5
for detailed discussion of the distributions,

Figures 8.2 and 8.3 show the contributions of the
principal types of accidents to the mean. core
damage frequency for each plant. Figure 8.4 also
presents this breakdown, but on a relative scale.
These figures show that some types of accidents,
siuch as station blackouts, contribute to the core
damage frequencies for all the plants; however,

' there is substantial plant-to-plant variability among

important accldent sequences.

" Higures 8.5 through 8,8 provide the results of the

external-event analyses, and Figures 8.9 through
B.12 glve the breakdown of these analyses accord-
ing to the principal types of accident sequences.

8.3 Comparison with Reactor Safety .
Study

Figures 8.13 and 8,14 show the internal core
damage frequency distributions calculated in this
present study for Surry and Peach Bottom along
with distributions synthesized from the Reactor

- Safety Study (Ref. B.6), which also analyzed-

Surry and Pench Bottom. The Reactor Safety
Study presented results in terms of medians but
not means, It can be seen that the medians are
lower in the present work, although observation of
the overlap of the ranges shows that the change is

‘more siganificant for Peach Bottom than for Surry.

There are two important reasons for the differ-
ences between the new figures and those of the
Reactor Safety Study. The first is the fact that
probabilistic risk analyses (PRAs) are snapshots in
time. In these cases, the smapshots are taken
about 15 years apart. Both plants have imple-
mented hardware modifications and procedural
Improvements with the stated purpose of increas-
ing safety, which drives core damage frequencles
downward,

The second reason is that the state of the art in
applying probabilistic analysls in nuclear power
plant applications has advanced significantly since
the Reactor Safety Study was performed, Compu-
tational techniques are now more sophisticated,
computing power has Increased enormously, and
consequently the level of detail in modeling has
increased, In some cases, these new methods have
reduced or eliminated previous analytical conser-
vatisms, However, new types of failures have also
been discovered. For example, the years of expe-
rience with probabilistic analyses and plant opera-~
tion have uncovered the reactor coolant pump
seal failure scenario as well as intersystem depend-
encles, common-mode failure mechanisms, and
othér items that were less well recognized at the
time of the Reactor Safety Study. Of course, this
same experlence has also uncovered new ways in
which recovery can be achieved during the course
of a possible cove damage scenarlo (except for the

NUREG-1150
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recovery of ac power, the Reactor Safety Study
did not consider rscovery actions), Thus, the net
effect of including these new techniques and ex-
perience is plant specific and can shift core dam-
age frequencies in either higher or lower direc~
tions,

In the case of the Surry analysis, the Reactor
Safety Study found the core damage frequency to
be dominated by loss-of-coolant accidents
(LOCAs). For the present study, station blackout
accidents are dominant, while the LOCA-induced
core damage frequency is substantially reduced
from that of the Reactor Safety Study, particularly
for the small LOCA events. This occurred in spite
of a tenfold increase in the small LOCA initiating
event frequency estimates, which was a result of
the inclusion of reactor coolant pump seal fail-
ures. One reason for the reduction ligs in plant
modifications made since the Reactor Safety
Study was completed, These modifications allow
for the crossconnection of the high-pressure safety
injection systems, auxiliary feedwater systems, and
refueling water storage tanks between the two

. units at the Surry site. These crossties provide a

reliable alternative for recovery of system failures,
Thus, the plant modifications (the crossconnec-
tions) have driven the core damage frequencies
downward, but new PRA information (the higher
small LOCA frequency) has driven them upward.
In this case, the net effect is an overall reduction
in the core damage frequency for internal events.

In the case of Peach Bottom, the Reactor Safety
Study found the core damage frequency to be
comprised primarily of ATWS accldent sequences
and of transients with long-term failure of decay
heat removal. The present study concludes that
station blackout scenarios are dominant, The pos-
sibility of containment venting and sllowing for
some probability of core cooling after containment
failure has considerably reduced the significance
of the long-term loss of decay heat removal acci-
dents, In addition, the plant has implemented
some ATWS improvements, although ATWS
events remain among the dominant accident se-

quence types. Moreover, more modern neutronic

and thermal-hydraulic simulations of the ATWS
sequences have calculated lower core power levels
during the event, allowing more opportunity for
mitigation such as through the use of low-pressure
injection systems. Thus, for Peach Bottom, both
advances in PRA methodology and plant modifi-
cattons have contributed to a reduction in the esti-
mated core damage frequency from internal
events.

NUREG-1150 8-10

In summary, there have been reductions in the
core damage frequencies for both plants since the
Reactor Safety Study, The reduction in core dam-
age frequency for Peach Bottom is more signifi-
cant than for Surry; however, there is still consid-

‘erable overlap of the uncertainty ranges of the two

studies, The conclusion to be drawn is that the
hardware and procedural changes made.since the
Reactor Safety Study appear to have reduced the
core damage frequency at these two plants, even
when accounting for more accurate failure data
and reflecting new sequences not identified in the
Reactor Safety Study (e.p., the reactor coolant
pump seal LOCAY).

8.4 Perspectives

8.4,1 Internal-Event Core Damage
Probability Distributions

The core damage frequencies produced by all
PRAs inherently have large uncertainties, There-
fore, comparisons of frequencies between PRAs
or with absolute limits or goals are not simply a
matter of comparing two numbers, It is more ap-
propriate to observe how much of the probability
distribution les below a given point, which trans-
lates into a measure of the probability that the
point has not been exceeded, For example, if the
median were exactly equal to the point in gues-
tion, half of the distribution would lie above and
half below the point, and there would be a 50 per-
cent probability that the point had not been ex-
ceeded.

Similarly, when comparing core damage frequen-
cies calculated for two or more plants, it is not
sufficient to simply compare the mean values of
the probability distributions. Instead, one must
compare the entire distribution. If one plant’s dis-
tribution were almost entirely below that of an-
other, then there would be a high probability that
the first plant had a lower core damage frequency
than the second, Seldom is this the case, however,.
Usually, the distributions have considerable over-
lap, and the probability that one plant has a
higher or lower core damage frequency than an-
other must be calculated. References 8,1 through'’
8.5 contain more detailed information on the dis-
tributlons that would support such calculations.

Although the distributions are not compared in
detail here, the ovetrlap of such core damage
frequency distributions is clearly shown in Figure
8.1. For example, one can have relatively high
confidence that the internal-event core damage
frequency for Grand Gulf is lower than that of
Sequoyah or Surry. Conversely, It can readily be
seen that the differences in core damage



frequency between Surry and Sequoyah are not
very significant.

Interpretation of extremely low median or mean
core damage frequencies (<1E-5) is somewhat dif-
ficult. As discussed in Section 1.3 and in Refer-
ence 8.7, there are limitations in the scope of the
study that could lead to actual core damage fre-
quencies higher than those estiniated, In addition,
the uncertaintles in the sequences Included in the
study tend to become more important on a rela-
tive scale as the frequency decreases. A very low
core damage frequency is evident for Grand Guif
with the median of the distribution in the range of
1E-6 per reactor year. However, it is incomplete
to simply state that the core damage frequency for
this plant is that low since the 95th percentile ex-
ceeds 1E-5 per reactor year. Thus, although the
central tendency of the calculation is very low,
there is still a finite probability of a higher core
damage frequency, particularly when considering
that the scope of the study does not include cer-
tain types of accldents as discussed in Section 1.3,

8.4.2 Principal Contributors to Uncertainty
in Core Damage Frequency

In Section 8.4.3, analyses are discussed concern-
ing some of the issues and events that contribute
to the magnitude of the core damage frequency.
Generally, for the accident frequency analysls, the

. 1ssues that contribute most to the magnitude of the
frequency are also the issues that contribute most
to the estimated uncertainty, More detail con-
cerning the contributions of various parameters to
the uncertainty in core damage frequency may be
found in References 8,1 through 8,5, Perspectives
on the contributions of accldent frequency issues
1o the uncertainty in risk may be found in Chapter
12,

8.4.3 Dominant Accident Sequence Types

'The various accident sequences that contribute to

" the total core damage frequency can be grouped
by common factors into categories. Older PRAs
generally did this in terms of the initiating event,
.., transient, small LOCA, large LOCA. Current
practice also uses categorles, such as ATWS, seal
LOCA, and station blackout, Generally, these
categorles are not equal contributors to the total
core damage frequency. In practice, four or five
sequence categories, sometimes fewer, usually
contribute almost all the core damage frequency.
These will be referred to below as the dominant
plant damage states (PDSs).

8. Core Damage Frequency

1t should be noted that the selection of categorles
is not unigue in a mathematical sense, but instead
is a convenient way to proup the results. If the
core damage frequency Is to be changed, changing
something common to the dominant PDS will
have the most effect. Thus, if a particular plant
had a relatively high core damage frequency and a
particular group of sequences were high, a valu-
able insight into that plant's safety profile would
be obtained.

It should also be noted that the importance of the
highest frequency accident sequences should- be
consldered in relatlonship to the total core dam-
age frequency. The existence of a highly dominant
aceident sequence or PDS does not of itself itaply
that a safety problem exists, For example, if a
plant already had an extremely low estimated core
damage frequency, the existence of a single,
dominant PDS would have little significance. Simi-
larly, if a plant were modified such that the domi-
nant PDS were eliminated entirely, the next high-
est PDS would become the most dominant con-
tributor.

Nevertheless, it is the study of the dominant PDS
and the important failures that contribute to those
sequences that provides understanding of why the
core damage frequency is high or low relative to
other plants and desired goals. This qualitative un-~
derstanding of the core damage frequency is nec-
essary to make practical use of the PRA results
and improve the plants, if necessary,

Given this background, the dominant PDSs for
the five studies are illustrated in Figures 8.2, 8.3,
and 8.4. Additional discussion of these PDSs can
be found in Chapters 3 through 7, Several obser-
vations on these PDSs and their effects on the
core damage Irequency can be made, as discussed
below.

Boiling Water Reactor versus Pressurized
Water Reactor

1t is evident from Figure 8.1 that the two particu-
lar BWRs in this study have internal-event core
damage frequency distributions that are substan-
tially lower than those of the three PWRs. While it
would be inappropriate to conclude that all BWRs
have lower core damage frequencles than PWRs,
it is useful to consider why the core damage fre-
quencies are lower for these particular BWRs.

The LOCA. sequences, often dominant in the
PWR core damage frequencies, are minor con-
tributors in the case of the BWRs., This is not
surprising in view of the fact that most BWRs have
many more systems than PWRs for injecting water
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directly Into the reactor coolant system to provide
makeup. For BWRs, this includes two' low-
pressure emergency core cooling (BCC) systems
(low-pressure coolant injectlon and low-pressure
core spray), each of which is multitrain; two high-
pressure injection systers (reactor core Isolation
cooling and either high-pressure coolant injection
or high-pressure core spray); and usually several
other alternative injection systems, such as the
control rod drive hydraulic system, condensate,
service water, firswater, etc, In contrest, PWRs
generally have one high-pressurs and one low-
pressure ECC system (both multitrain), plus a set
of accumulators. The PWR ECCS does have con-
siderable redundancy, but not as much as that of
most BWRs. .

Por many types of transient events, the above ar-
guments also hold. BWRs tend to have more sys~
tems that ¢an provide decay heat removal than

PWRs, For transient events that lead to loss of -

water inventory due to stuck-open relief valves or
primary system leakage, BWRs have numerous
systems to provide makeup, ATWS events and
station blackout events, as discussed below, affect
both PWRs and BWRs.

BWRs have historically been considered more
subject than PWRs to ATWS events. This percep-
tlon was partly due to the fact that some ATWS
events in a BWR involve an insertion of positive
reactivity. Except for the infrequent occurrence of
an unfavorable moderator temperaturs coeffi-
. cient, an ATWS event in a PWR is slower, allow-
ing more time for mitigative action.

In spite of this historical perspective for ATWS, it
is evident from Figures 8.2 and 8.3 that the

ATWS frequencies for the two BWRs are not dra-

matically higher than for the PWRs. There are
several reasons for this, First, plant procedures for
dealing with ATWS events have been modified

over the past several years, and operator training .

specifically for these events has improved slghifi-
cantly, Second, the ability to model and analyze
ATWS events has improved. More modern
neutronic and thermal-hydraulic simulations of
the ATWS sequences have calculated lower cors
power levels during the event than predicted in
the past, Further, these calculations indicate that
low-pressure injection systems can be used without
resulting in significant power oscillations, thus al-
lowing more opportunity for mitigation. Note that
for both BWRs and PWRs the frequency of reac-
tor protection system failure remains highly un-
certain. Therefore, all compavisons 'concerning
ATWS should be made with caution.
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Statlon blackout accidents contribute a high per-
centage of the core damage frequency for the
BWRs. However, when viewed on an absolute

scale, station blackout has a higher frequency at

the PWRs than at the BWRs, To some extent this
is due to design differences between BWRs and
PWRs leading to different susceptibilities, For ex-
ample, in station blackout accldents, PWRs are
potentially vulnerable to reactor coolant pump
seal LOCAs following loss of seal cooling, leading
to Joss of inventory with no method for providing
makeup, BWRs, on the other hand, have at least
one injection system that does. not require ac
power, While important, it would be incorrect to
imply that the differences noted above ase the
only considerations that drlve the varlations In the
core damage frequency. Probably more important
is the electric power system design at each plant,
which is largely independent of the plant type.
The station blackout: frequency is low at Peach
Bottom because of the presence of four diesels
that can be shared between units and a mainte-
nance program that led to an order of magnitude
reduction in the diesel generator failure rates.
Grand Gulf has essentially three trains of emer-
gency ac power for one unit, with one of the trains
belng both diverse and independent from the
other two, These characteristics of the electric
power system design tend to dominate any differ-
ences in the reactor design, Therefore, a BWR
with a below average electric power system relt-
ability could be expected to have a higher station
blackout-induced core damage frequency than 2
PWR with an above average elestric power system,

For both BWRs and PWRs, the analyses indicate
that, along with electric power, other support sys-
tems, such as service water, are quite important,
Because thiese systems vary considerably among
plants, caution must be exercised when making
statements about generic classes of plants, such as
PWRs versus BWRs, Once significant plant-
specific vulnerabilities are removed, support-
system-driven sequences will probably dominate
the core damage frequency of both types of
plants, Both types of plants have sufficient redun-
dancy and diversity so as to make multiple inde-
pendent failures unlikely. Support system failures
introduce dependencies among the systems and
thus can become dominant.

Boiling Water Reactor Observations

As shown in Figure 8.1, the Internal-gevent core
damage frequencies for Peach Bottom and Grand
Gulf are extremely low, Therefore, even though
dominant plant damage states and contribuling
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failure events can be identified, these items should
not be considered as safety problems for the two
plants, In fact, these dominating factors should
not be overemphasized because, for core damage
frequencles below 1E-5, it is possible that other
events outside the scope of these internal-event
analyses are the ones that actually dominate., In
the cases of these two plants, the real perspectives
come not from understanding why particular se-
quences dominate, but rather why all types of se-
quences considered in the study have low fre-
quencies for these plants.

Previously it was noted that LOCA sequences can
be expected to have low frequencies at BWRs be-

cause of the numerous systems available to pro- .

vide coolant injection. While low for both plants,
the frequency of LOCAs is higher for Peach Bot-
tom than for Grand Gulf. This is primarily be-

cause Grand Gulf is a BWR-6 design with a mo- -

tor-drlven high-pressure core spray system, rather
than a steam-driven high-pressure coolant injec-
tion system as is Peach Bottom. Motor-driven sys-
tems are typically more reliable than steam-driven
systems and, more importantly, can operate over
the entire range of pressures experienced in a
LOCA sequence, ‘

It is evident from Fipures 8.2 and 8.4 that station
blackout plays a major role in the internal-event
core damage frequencles for Peach Bottom and
Grand Guli. Each of these plants has features that
tend to reduce the station blackout frequency,
some of which would not be present ‘at other
BWR.S» :

Grand Gulf, like all BWR-6 plants, is equipped
with an extra diesel generator dedicated to the
high-pressure core spray system, While effectively
providing a third train of redundant emergency ac
power for decay heat removal, the extra diesel
also provides diversity, based on a different diesel
design and plant location relative to the other two
diesels. Because of the aspect of diversity, the
analysts neglected common-cause failures affect-
ing all three diesel generators. The net effect is a
highly reliable emergency ac power capability, In
those unlikely cases where all three diesel genera-
tors fail, Grand Guilf relies on a steam-driven cool-
ant injection system that can function until the
station batteries are depleted. At Grand Gulf the
batterles are sized to last for many hours prior to
depletion so that there is a high probability of re-
covering ac power prior to core damage. In addi-
tion, there is a diesel-driven firewater system
available that can be used to provide coolant
injection In some sequences involving the loss of
ac power,

8. Core Damage Frequency,

Peach Bottom is an older model BWR that does
not have a diverse diesel generator for the high~ .
pressure core spray system. However, other fac-
tors conttibute to a low station blackout frequency
at Peach Bottom, Peach Bottom is a two-unit site,
with four diesel generators available. Any one of
the four diesels can provide sufficlent capacity to
power both units in the event of a loss of offsite
power, glven that appropriate crosstles or load
swapping between Units 2 and 3 are used, This
high level of redundancy is somewhat offset by a
less redundant service water system that provides
cooling to the diesel generators. Subtleties in the
design are such that if a certain combination of
diesel generators fails, the service water system
will fail, causing the other diesels to fail, In addi-
tion, station dec power is needed to start the dle-
sels. (Some emergency diese! genefator systems,
such as those at Surry, have a separate dedicated
dc power system just for starting purposes,) In
spite of these factors, the redundancy in the
Peach Bottom emergency ac power. system is con-
siderable, . ’

While there {5 redundancy in the ac power system
design at Peach Bottom, the most significant fac-
tor in the Jow estimated station blackout fre-
quency relates to the plant-specific data analysis,
The plant-specific analysis determined that, - be-
cause of a high~quality maintenance program, the
diesel generators at Peach Bottom had approxi-
mately an order of magnitude greater reliability
than at an average plant. This factor direetly influ-
ences the frequency.

Finally, Peach Bottom, like Grand Gulf, has sta-
tion batteries that are sized to last several hours in
the event that the diesel generators do fail, With
two steam-driven systems to provide coolant injec-
tion and several hours to recover ac power prior
to battery depletion, the station ‘blackout fre-

_quency is further reduced,

Unlike most PWRs, the response of containment
is often a key in determining the core damage fre-
quency for BWRs. For example, at Peach Bottom,
there are a number of ways in which containment
conditions can affect coolant infection systems.
High pressure in containment can lead to closure
of primary system relief valves, thus failing low-
pressure injection systems, and can also lead to
failure of steam-drlven high-pressure injection sys-
tems due to high turbine exhaust backpressure,
High suppression pool temperatures can also lead
to the failure of systems that are recirculating
water from the suppression pool to the reactor
coolant system. If the containment ultimately fails,
certain systems can fail because of the loss of net
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positive suction head in the suppression pool, and
also the reactor building is subjected to a harsh
steam environment that can lead to failure of
equipment located there,

Despite the concerns describied in the previous
paragraph, the core damage frequency for Peach
Bottom is relatively low, compared to the PWRSs,
There are two major reasons for this. First, Peach
Bottom has the ability to vent the wetwell through
a 6-inch dlameter steel pipe, thus reducing the
containment pressure without subjecting the reac-
tor bujlding to steam. While this vent cannot be
used to mitigate ATWS and station blackout se~
quences, it is valuable in reducing the frequency
of many other sequences, The second important
feature at Peach Bottom is the presence of the
control rod drive system, which is not affected by
either high pressure in containment or contain-
ment failure. Other plants of the BWR-4 design
may be more susceptible 1o containment-related
problems if they do not have similar features, For
example, some plants have ducting, as opposed to
hard piping available for venting. Venting through
ductwork may lead to harsh steam environments
and equipment failures in the reactor bullding,*

The Grand Gulf design Is generally much less sus-
ceptible to containment-related problems than
Poach Bottom. The containment design and
equipment locations are such that containment
rupture will not result in discharge of steam into

the bullding containing the safety systems. ¥ur-

ther, the high-pressure core spray system is de-
signed to function with a saturated suppression
pool so that it is not affected by containment fail-
ure. Finally, there are other systems that can pro-
vide coolant injection using water sources other
than the suppression pool, Thus, containment fail-
ure is relatively benign as far as system operation
is congetned, and there is no obvious need for
containment venting,

Pressurized Water Reactor Observations

The three PWRs examined in this study reflect
much mote variety in terms of dominant plant
damage states than the BWRs, While the se-
quence frequencies are generally low for most of
the plant damage states, it is useful to understand
why the variations among the plants occurred.

For LOCA sequences, the frequency is slgnifi-
cantly lower at Surry than at the other two PWRs,
A major portion of this difference is directly tied
“The staff is presently undextaking regulajory action to
require hard pipe vents in all BWR Mark I planis,

NUREG-1150

to the additional redundancy available in the in-
jection systems. In addition to the normal high-
pressure injection capability, Surry can crosstie to
the other unit at the site for an additional source -
of high-pressure injection. This reduces the core
damage frequency due to LOCAs and also certain
groups of transients involving stuck-open relief
valves. -

In addition, at Sequoyah there is a particularly
noteworthy emergency core cooling interaction
with containment englneered safety features in

loss-of-coolant accidents. In this (ice condenser)

containment design, the contalnment sprays are
automatically actuatéd at a very low pressurs set-
point, which would be exceeded for virtually all
small LOCA events. This spray actuation, if not
terminated by the operator can lead to a rapid de-
pletion of the refueling water storage tank at Se-
quoyah. Thus, an early need to switch to
recirculation cooling may occur, Portions of this
switchover process are manual ai Sequoyah.and,
because of the timing and possible stressful condi-
tions, leads to a significant human error probabil-
jty, ‘Thus, LOCA-type sequences are the dominant
accident sequence type at Sequoyah,

Station blackout-type sequences have relatively
similar frequencies at all three PWRs, Station,
blackout sequences can have very different char-
acteristics at PWRs than at BWRs. One of the
most important findings of the study is the impor-
tance of reactor coolant pump seal failures, Dur-
ing statlon blackont, all cooling to the seals is lost
and there 15 a significant probability that they will
vltimately fail, Jeading to an induced LOCA and

loss of inventory. Because PWRs do not have sys-
tems capable of providing coolant makeup without .
ac power, core damage will result if power is not
restored, The seal LOCA reduces the time avail-
able to restore power and thus increases the sta-
tion blackout-induced core damage frequency.
New seals have been proposed for Westinghouse
PWRs and could reduce the core damage fre-
quency if implemented, although they might also
increase the likelihood that any resulting accidents
would occur at high pressure, which has implica-
tlons for the accldent progression analysis, (See
Section C.14 of Appendix C for a more datailed
discussion of reactor coolant seal performance.)

Apart from the generic reactor coolant pump seal
questlon, station blackout frequencies at ]
are determined by the plant-specific electrlc
power system deslgn and the design of other
support systems. Battery depletion times for the
three PWRs were projected to be shorter than for,
the two BWRs. A particular characteristic of the



P

Surry plant is a gravity-fed service water system

with a canal that may drain during station black-
out, thus failing containment heat removal, When
power is restored, the canal must be refilled be-
fore containment heat removal can be restored.

The dominant accident sequence type at Zion is
not a station blackout, but it has many similar
characteristics, Component cooling water Is
needed for operation of the charging pumps and
high-pressure safety injection pumps at Zion, Loss
of component cooling water (or loss of service
water, which will also render component cooling
water inoperable) will result in loss of these high-
pressure systerns. This in turn leads to a loss of
reactor coolant pump seal injection. Simultane-
ously, loss of component cooling water will also
result in loss of cooling to the thermal barrier heat
exchangers for the reactor coolant pump seals,
Thus, the reactor caolant pump seals will lose
both 'forms of cooling. As with station blackout,
loss of component cooling water or service water
can both cause a small LOCA (by seal failure)
and disable the systems needed to mitigate it. The
importance of this scenario is increased further by
the fact that the component cooling water system
at Zion, although it uses redundant pumps and
valves, delivers its fiow through a common
header, The licensee for the Zion plant has made
procedural changes and is also considering both
the use of new seal materials and the installation
of modifications to the cooling water systems,
These measures, which are discussed in more de-
tail in Chapter 7, reduce the importance of this
contributor.

ATWS frequencies are generally low at all three of
the PWRs, This is dug¢ to the assessed reliability of
the shutdown systems and the likelihood that only
slow-acting, low-power-level events will result.

While of low frequency, it is worth noting that
interfacing-systern LOCA (V) and steam genera-
tor tube rupture (SGTR) events do contribute sig-
nificantly to risk for the PWRs. This Is because
they involve a direct path for fission products to
bypass containment. There are large uncertainties
in the analyses of these two accident types, but
these events can be important to rlsk even at fre-
quencies that may be one or two orders of magni-
tude lower than other sequence types.

During the past few years, most Westinghouse
PWRs have developed procedures for uslng feed
and bleed cooling and secondary system blow-
down to cope with loss of all feedwater. These

- procedures have led to substantial reductions in

the frequencies of transient sequences involving
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the loss of main and auxiliary feedwater, Appro-
priate credit for these actions was given in these
analyses. However, there are plant-specific fea-
tures that will affect the success rate of such ac-
tons. For example, the loss of certain power
sources (possibly only one bus) or other support
systems can fail power-operated relief valves
(PORVs) or atmospheric dump valves or their
block valves at some plants, precluding the use of
feed and bleed or secondary system blowdown.

. Plants with PORVs that tend to leak may operate

for significant periods of time with the block
valves closed, thus making feed and bleed less re~
liable, On the other hand, if certain power failures
are such that open block valves cannot be closed,
then they cannot be used to mitigate stuck-open
PORVs. Thus, both the system design and plant
operating practices can be important to the reli-
abillty assesstnent of actions such as feed and
bleed cooling.

8.4.4 External Events

"The frequency of core damage initiated by exter-

nal events has been analyzed for two of the plants
in this study, Surry and Peach Bottom (Ref, 8.1
(Part 3) and Ref, 8.2 (Part 3)). The analysis ex~
amined a broad range of external events, e.g.,
lightning, aircraft impact, tornados, and volcanic
activity (Ref, 8.8). Most of these events were as-
sessed to be insignificant contributors by means of
bounding analyses. However, seismi¢ events and
fires were found to be potentially major contribu-
tors and thus were analyzed in detall,

Figures 8.7 and 8.8 show the results of the core
damage frequency analysis for selsmic- and flre- -
initiated accidents, as well as intermally initiated
accidents, for Sutry and Peach Bottom, respec-
tively, Examination of these figures shows that the
core damage frequency distrlbutions of the exter-
nal events are comparable to those of the internal
events, It is evident that the external events are
slgnificant in the total safety profile «of these

_plants.

Seismic Analysis Observations

The analysls of the sefsmically induced core dam-

age frequency begins with the estimation of the
seismic hazard, that is, the likelihood of exceed-
ing different earthquake ground-motion levels at
the plant site. This is a difficult, highly judgmental
issue, with little data to provide verification of the
various proposed geologic and seismolopic models.

The sciences of geology and seismology have not

yet produced a model or group of models upon
which all experts agree. This study did not itself
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produce seismic hazard curves, but instead made
use of seismic hazard curves for Peach Bottom
and Surry that were part of an NRC-funded
Lawrence Livermore National Laboratory project
that resulted in seismic hazard curves for all nu-
clear power plant sites east of the Rocky Moun-
tains (Ref. 8.9).

In addition, the Electric Power Research Institute
(EPRI) developed a separate set of models (Ref.
8.10), For purposes of completeness and com-
pnrlsom the seismically induced core damage fre-
- quencies were also calculated based upon the
EPRI methods. Both sets of results, which are pre-
sented in Figures 8.5 through 8.8, were used in
this study. More detailed discussion of methods
used in the selsmic analysis is provided in Appen-
dix A; Section C.11 of Appendix C provides more
detailed perspectlves on the seismic issue as well,

As can be seen in Figures 8.5 and 8.6, the shapes
of the seismically induced core damage probability
distributions are considerably different from those
of the internally initiated and fire-initiated events,
In particular, the 5th to 95th percentlle range is
much larger for the seismic events. In addition, as
can be scen in Figures 8.7 and 8.8, the wide dis-
parity between the mean and the median and the
location of the mean relatively high in the distri-
bution indicate a wide distribution with a tail at
the high end but peaked much lower down. (This
is a result of the uncertainty in the selsmic hazard
curve.)

It can be clearly seen that the difference between
the mean and median is an important distinction,
The mean is the parameter quoted most often, but
the bulk of the distribution is well below the
mean. Thus, although the mean is the “center of
gravity” of the distribution (when viewed on a lin-
ear rather than logarithmic scale), it is not very
representatlve of the distribution as a whole, In-
stead,’it Is the lJower values that are more prob-
able. The higher values are estimated to have low
probability, but, because of their preat distance

from the bulk of the distribution, the mean is .

“pulled up” to a relatively high value. In a case
such as this, it is particularly evident that the en-
- tire distribution, not just a single parameter such
as the mean or the medlan, must be considered
when discussing the results of the analysis.

1. Surry Seismic Analysis
The core damage frequency probability disttibu-
tions, as calculated using the Livermore and EPRI

methods, have a large degree of overlap, and the
differences between the means and medians of
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the two resulting distributions are not very mean-
ingful because of the large widths of the two distri-
butions. °

The breakaown of the Surry seismic analysis into
principal conteibutors is reasonably similar to the

‘results of other sefsmic PRAs for other PWRs. The

total core damage frequency is dominated by loss
of offélte power transients resultlng from seismi-
cally induced fallures of the ceramic insulators in
the switchyard. This dominant contribution of ce-
ramic insulator fallures has been found in virtually
all selsmic PRAs to date.

A site-specific but significant contributor to the
core damage frequency at Surry ig failure of the
anchorage welds of the 4 kV buses. These buses
play a vital role in providing emergency ac electri-
cal power since offsite power as well as emergency -
onsite power passes through these buses, Although
these welded anchorages bhave more than ade-
quate capacity at the safe shutdown earthquake.
(SSE) level, they do not have sufficlent margin to
withstand (with high reliability) earthquakes in the
range of four times the SSE, which are contribut-
ing to the overall seismic¢ tore damage froquency
results,

Similarly, a substantial contribution is associated
with faflures of the:diesel generators and associ~ -
ated load center anchorage failures. These an-
chorages also may not have sufficient capacity to
withstand earthquakes at levels of four times the
SSE.

Another area of generlc interest is the contribu-
tion due to vertical flat-bottomed storage tanks,
&.g., refueling water storage tanks and condensate
storage tanks, Because of the nature of their con-
figuration and field erection practices, such tanks
have often been calculated to have relatively
smaller margin over the SSE than most compo-
nents in commercial nuclear power plants, Given
that all PWRs in the United States use the refuel-
ing water storage tank as the primary source of
emergency injection water (and usually the sole
source until the recirculation phase of ECCS be-
gins), faflure of the refueling water storage tank
can be expected to be a substantial contributor to
the seismically induced core damage frequency.

2. Peach Bottom Seismic Analysis

As can be seen in Figure 8.9, the dominant con-
tributor in' the seismic core damage frequency
analysls is a transient sequence brought about by
loss of offsite power. The loss of offsite power is
due to seismically induced failures of onsite ac
power. Peach Bottom has four emergency diesel



<

generators, all shared between the two units, and
four station batteries per unit, Thus, there is a

high degree of redundancy. However, all diesels

require cooling provided by the emergency service -

water system, and failure to provide this cooling
will result in fallure of all four diesels.

There is a varlety of seismically induced equip-

- ment failures that can fail the emergency service

water system and result in a station blackout.
These include failure of the emergency cooling
tower, failures of the 4 kV buses (in the same
manner as was found at Surry), and failures of the
emergency service water pumps or the emergency
diesel generators themselves. The various combi-
nations of these failures result in a large number
of potential failure modes and giye rise to a rela-
tively high frequency of core damage based on
station blackout, None of these equipment failure
probabilitles is substantially greater than would be
implied by the generlc fragility data available.
However, the high probability of exceedance of
larger earthquakes (as prescribed by the hazard
curves for this site) results in significant contribu-
tions of these components to the seismic risk.

Fire Analysis Observations

The core damage likelihood due to a fire in any
particular area of the plant depends upon the fre-
quency of ignition of a fire in the area, the
amount and nature of combustible material in that
area, the nature and efficacy of the fire-suppres-
sion systems in that area, and the importance of
the equipment iocated in that area, as expressed
in the potential of the loss of that equipment to
cause a core damage accident sequence, The
methods used in the fire analysis are described in
Appendix A and in Reference 8.7; Section C,12
of Appendix C provides additional perspectives on
the fire analysis.

1, Surry Fire Analysis

Figure 8.10 shows the dominant contrlbutors to
core damage frequency resulting from the Surry
fire analysis, The dominant contributor is a tran-
sient resulting in a reactor coolant pump seal
LOCA, which can lead to core damage. The sce-
nario consists of a fire in the emergency
switchgear room that damages power or control
cables for the hiph-pressure injection and compo-
nent cooling water pumps. No additional random
fallures are required for this scenario to lead to
core damage, It should be noted that credit was
given for existing fire-suppression systems and for
recovery by crossconnecting high-pressure injec-
tion from the other unit, The importance of this
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scenario is evident in Figure 8.11, which breaks
down the fire~Induced core damage frequency by
locatlon in the plant. ?‘he most significant physical
location is the emergenicy switchgear room, In this
room, cable trays for the two redundant power
trains were run one on top of the other with ap-
proximately 8 inches of vertical separation in a
number of plant areas, which gives rise to the
common vulnerability of these two systems due to
fire. In addition, the Halon fire-suppression sys-
tem in this room is manually actuated.

The other principal contributor is a spuriously ac-
tuated pressurizer PORV. In this scenario, fire-re-
lated component damage in the control room in-
cludes control power for a number of safety sys-
tems, Full credit was given for independence of
the remote shutdown panel from the control room
except in the case of PORV block valves; discus-
sions with utility personnel indicated that control
power for these valves was not independently
routed.

2, Peach Bottom Fire Analysis

Figure 8.10 shows the mechanisms by which fire
leads to core damage in the Peach Bottom analy-
sis. Station blackout accidents are the dominant
contributor, with substantial conttbutions also
coming from fire-induced transients and losses of
offsite power, The relative importance of the vari-
ous physical locations is shown in Figure 8.12.

It is evident from Figure 8.12 that control room
fires are of considerable significance in the fire
analysls of this plant. Fires in the control room
were divided into two scenarlos, one for fires initi-
ating in the reactor core isolation cooling (RCIC)
system cabinet and one for ali others, Credit was
given for automatc cycling of the RCIC system
unless the fire initiated within its control panel.
Because of the cabinet configuration within the
control room, the flre was assumed not to spread
and damage any components outside the cabinet
where the fire initlated. The analysis gave credit
for the possibility of quick extinguishing of the fire
within the applicable cabinet since the control

. room is continuously occupied. However, should

these efforts fail, even with high ventilation rates,
these scenarios postulate forced abandonment of
the control room due to smoke from the fire and
subsequent plant control from the remote shut-
down panel,

The cable spreading room below the control room
is significant but not dominant in the fire analysis,
The scenario of interest is a fire-induced transient
coupled with fire-related failures of the control
power for the high-pressure coolant injection

NUREG-1150
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system, the reactor core isolation cooling system,

_the automatic depressurization system, and the

control rod drive hydraulic system. The analysis
gave credit to the automatic CO» fire-suppression

‘system in this area.

The remaining physical areas of significance are
the emergency switchgear rooms. The fire-in-
duced core damage frequency is dominated by
fire damage to the emergency service water system
in conjunction with random failures coupled with
fire-induced loss of offsite power. In all eight
emergency switchgear rooms (four shared be-
tween the two units), both traing of offslte power
are routed. It was noted that in each of these ar-
eas there are breaker cublcles for the 4 kV
switchgear with a penetration at the top that has
many small cables routed through it. These pene-
trations were inadequately sealed, which would al-
low a fire to spread to cabling that was directly
above the switchgear room. This cabling was a suf-
ficient fuel source for the fire to cause a rapid for-
mation of a hot gas layer that would thenleadtoa
loss of offsite power., Since both offsite power and
the emergency service water systerns are lost, a
station blackout would occur.

Perspectives: General Observations on Fire
Analysis

Flgures 8.7 and 8.8 clearly indicate that

NUREG-1150
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fire-initiated core damage sequences are signifi-
cant in the total probabilistic analysis of the two
plants analyzed. Moreover, these analyses already
include credit for the fire protettion programs re-
quired by Appendix R to 10 CER Part 50, ‘

[

Although the two plants are of completely
different design, with completely different fire-
initiated core damage scenarios, the possibility of
fires in the emergency switchgear areas is impor-
tant in both plants. The importance of the emer-
gency switchgear room at Surtry is particularly high
because of the seal LOCA scenario, Further, the
importance of the control room at Surry is compa-
rable to that of the control room at Peach Bottom,

This is not surprising in view of the potential for
simultaneous failure of several systems by fires in
these areas, Thus, in the past such areas have
generally received partlcular attention in fire pro-
tection programs, It should also be noted that the
significance of various sreas also depends upon
the scenario that leads to core damage. For exam-
ple, the importance of the emergency switchgear
room at Surry could be altered (if desired) not
only by more fire protection programs but also by
changes in the probability of the reactor coolant
pump seal failure.
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