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

8. Core Damage Frequency

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
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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
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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
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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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