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(ST-HL-AE-3414) and incorporated as appropriate into a Draft Technical
fvaluation Report (TER) developed by SNL. This draft report was issued on
April 10, 1990. A separate evaluat.on report on the STP fire sequences and an
pssociated RAl were issued to the licensee on June 18, 1990 and August 30,
1990, On August /, 1990, a separate RAl on the human relfability analysis
(HRA) review was issued to the licensee. The licensee's comments on SNL's
draft evaluation report, and responses to the RAls on the HRA review and fire
sequences review (HLAP's letters of April 11, 1990 gST-HL—AE-Slll), June 19,
1990, (ST-HL-AE-3478), August 26, 1990, (ST-HL-AE-3551), October 11, 1990,
(ST-HL~AE-3590) and November 20, 1990 (ST-HL-AE-3636)) have been reviewed and
incorporated into the final TER, "A Review of the South Texas Probabilistic
Safety Analysis for Accident Frequency Estimates and Containment Binning"
(NUREG/CR-5606). Overall, the review process employed for the STP PSA was an
interactive process with the licensee and its contractors, The staff's Safety
Evaluation (SE) is based on its own review of the applicable portions of the
PSA as well as its review of SNL's TER, which is attached to this SE. Review
of external events (except fire) is still under staff review and will be
reported in a future SE.

3.0 EVALUATION

The results of the internal events review are reported in Section 3.1 of this
SE. Section 3.2 is the documentation of the fire analysis review,

| Internal Events

3.1.1 Initiating fvents

The Ticensee's analysis of initiating events is documented in Section 5.2 of
the STP PSA and in Section 3.1 of the TER, Based on the review, the staff
accepts the PSA findings related to categorizing, grouping, and screening of
various events that could lead to a transient and/or a LOCA event. The staff
accepts the licensee's responses to the staff's RAI in the areas related to
the treatments of the steam-line break of the Auxiliary Feedwater (AFW) system
steam driven train and the postulated core blockage event as applicable to the
STP facility., The staff notes that the licensee has analyzed the failures of
the support systems (such as the Instrument Air ilA] system, Main Control Room
[MCR) HVAC, and Electrical Auxiliary Building [EAB] HVAC) as initiating events
and categorized them accordingly for core damage frequency quantification
purposes (Table 5.2-4 and Table 7.6-1 of the PSA).

The staff accepts the licensee's estimates of various initiating event
frequencies. These estimates are provided in Table 3.4.2-2 of the TER. This
table also compares their estimates with the published NUREG-1150 (Severe
Accident Risk- An Assessment for Five U.S. Nuclear Power Plants) results
provided for similar initiating events. The staff finds a ~lose agreement
between the ST® PSA results and the NUREG-1150 results except tor loss of Main
Feedwater (MFW), reactor trip, turbine trip, and steam generator tube rupture
(SGTR) events. The staff accepts the licensee's estimates for all transients
because the licensee's estimates are based on an extensive search (PSA
subsections 5.2 ) thru 5.2.3) of operating experience and screening analyses
for the applicabiiity of generic data (Section 7.4) to the STP facility. The






3.1.3  System Modeling

Tha staff, with the help of SNL, has reviewed the modeling adequacy of
front1ine systems and support systems as documented in Sections 3.2.2 through
3.2.5 of the STP PSA with respect to the methods used to analyze system
failures and thei= cumbinations, critical assumptions made in the PRA,
modeling adequacy of system dependence requirements, test and maintenance
unavailabilities, treatment of common cause failures and human errors, and
modeling adequacy of operator recovery actions. The frontline systems modeled
are: (?) Migh Head Safety Injection (HHSI), (2) Low Head Safety Injection
(LHS1), (3) Containment Spray System (CSS), (4) Reactor Containment Fan Cooler
(RCFC), (5) Residual Heat Removal (RHR), (6) Containment Isolation System
(C1S), (7) Auxiliary Feed water (AFW), (8) Chemical and Volume Control System
(CVCS), (9) Reactor Coolant System (RCS), including steam generators,
pressurizer and power operated relief valves (PORV;, (10) Hotwell Condensate,
(11) Main Feed water (MFW), and (12) Steam and Power Conversion. The support
line systems modeled are: (1) Component Cooling Water (CCW), (2) Essential
Cooling Water (ECW), (3) Essential Cooling Pond, (4) Vital and non-vita) AC
Power (4.16 KV, 480 V, and 125 V) buses, including motor control centers,
Class IE diesel generators (DG), Technical Support Center (15C) diesel
generator, and inverters, (5) Vital and non-vital DC-power buses (125 V and
250 V buses), including batteries and char?ers. (6) Compressed Air, (7)
Reactor Protection, and (8) Heating, Venti atin? and Air Conditioning (HVAC)
for various buildings. Based on SNL's technical review findings on the
systems modeling, the staff provides the following statements:

1. The lack of a need for Emergency Core Cooling System (ECCS) pump room
cooling during a trancient or a LOCA event was evaluated in detail along
with the licensee's additional response to the staff's RAl (IE13 of
Appendix 3 of the TER). The staff accepts the licensee's response.

2. The treatment of instrument air system failures was evaluated along with
the licensee's additional response to the staff's RAI (I1E14 of Appendix 3
of the TER). The staff accepts the licensee's response,

The staff’'s review also resulted in the following observations:

1. The STP diesel generators do not use dedicated batteries for field
flashing. Instead, they receive NC power from Clazs 1E DC buses.
However, this unique dependence of the diesel generators has been found to
be an insignificant contributor to the overall core damage frequency.

2. The motor-driven AFW pump room requires ventilation during its operation.
However, the turbine-driven AFW pump does not require room cooltn?. This
eliminates the HVAC dependence during the station blackout scenario.

3. Operation of positive displacement charging pump (POP) is found to be
significant because it can be used to provide seal injection during a
station blackout event (given that the isolation of letdown is
accomplished), and it can receive power from the TSC diesel generator. It
is self-cooled. Also, its room cooling is not needed during a station
blackout scenario.
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The loss of the instrument air system, its impact as an initiating event,
and its impact on other frontline systems have been found to be cmall
contributors to core damage frequency estimates.

Feed and bleed operation as a backup method of decay heat removal for the
STP facility has been credited based on generic Westinghouse ainalyses
which requires one train of the HHSI system and two PORVs.

Unlike the LHST system at some other PWR's, the LHSI system at STP is not
required for operation in the piggy-back mode with the HHSI system during
high pressure recirculation. The use of the LHSI system following a smal)
LOCA event requires depressurization of the reactor primary system.

STP has a separate LHS] system independent of the RHR system. This is a
feature unique to the STP design.

.4 Success Criteria

licensee's discussions related to success criteria are provided in Section
of the PSA. SNL's tec*nical findings are provided in Section 2.1 of the
Based on SNL's technical review Tindings on modeling adequacy of success

criteria, the staff provides the following statements:

P

The adequacy of the steam generator boil-ary time estimated for varinus
transients was evaluated since this time affects the operator recovery
probabil**ies. The licensee's response to the staff's RAI on this issue,
estimateu a minimum time of 34 minutes to steam generator dryout following
@ loss of offsite power event. This is acceptable.

The assigned conditional probability (0.0001 per demand) of reactor vesse]
failure at the STP facility, given a pressurized thermal shock (PTS)
event, has been evaluated and is found to be acceptable to the staff.
This is based on the significantly lower content of certain elements at
STP, such as copper (about 0.05 percent) and nickel (about 0.64 percent),
than at other PWR reactor vessels. An acceptable limit fo the contents
of these elements is about 0.4 percent for copper and is about 1 percent
for Nickel ("Radiation Embrittlement »f Reactor Vessel Materials,"
Regulatory Guide 1.99, Rev. 2). It should be noted that these elements
contribute to a reduction in the toughness of the vessel that could lead
to vessel failure during a postulated PTS event.

The staff evaluated the impact on core damage frequency of the lack of
accumulator injection for postulated medium and large LOCA events. Based
on the licensee's response (IE3 of Appendix 3 of the TER) to the staff's
RAIl on this issue, the staff accepts the licensee's core damage frequency
estimate of 4 E-7 per reactor-year for these events assuming that 2
accumulators will inject water to the reactor following a medium and/or
large LOCA (greater than a 2-inch break) event. The staff also accepts
the licensee’s conclusion that, for break sizes below two inches, core
cooling can be achieved without accumulators.
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one PORY and one safety valve to open (or two safety valves to open) for
steam generator overpressure protection, one of three HHSI trains and one
of three LHSI trains for primary system coolant makeup, and two of four
AFW trains for decay heat removal. The staff accepts the PSA findings in
this area.

The staff evaiuated the minimum number of trains needed for containment
cooling following a postulated LOCA event or a transient-induced LOCA
event. One LHSI train or two RCFC trains a « required to remove the decay
heat from the South Texas containment. The staff accepts the PSA findings
in this area.

staff' review also yielded the following safety insights:

If it is required to keep the reactor in the hot standby mode for an
extended period of time following a transient or a SGTR event, makeup
water to the AFW storage tank mu.t be provided. The primary source of
makeup water to the AFW storage tank is the hotwell condenser systiem.
While not considered in the PSA, makeup water to the AFW storage tank
cruld also be accomplished through either the demineralized water system
or the fire water system. These systems are designed with industrial
grade (not seismic category I) structures and components; but in an area
of low seismic activity such as STP they could be considercd as non-safety
backup systems.

For a small LOCA event or a transient-induced LOCA event, the HHSI system
is required to funciion in the recirculation mode, taking suction from the
containment sump. Ouring this mode of operation, the RHR system,
including the RHR heat exchanger, is not needed to remove decay heat.
Decay heat removal will be accomplished by means of the RCFC, CCW and ECW
systems. If the RCFC system should fail, then the reactor primary system
depressurization function, the LHSI system, the RHR heat exchanger, the
CCW system, and the ECW system are required to function.

One train of the LHSI system is sufficient for both coolant injection and
recirculation following a large LOCA event. When the recirculation mode
of the LHSI system (with RHR heat exchangers) is not available, twn of the
three RCFC trains (without RHR heat exchangers) are needed to remove decay
heat from the containment. Thus, the importance (with respect to
reliability requirements) of the LHSI system to remove decay heat
following a LOCA event is significant.

The staff considered the potential failure of the STP vessel following a
failure-to-scram event. Ffor a failure-to-scram event, the PSA has
employed generic thermal-hydraulic analyses to establish core cooling
success criteria, For example, the PSA assumes that a muderator
temperature coefficient of -8 pcm per degree-F could leaa to an event that
could result in pressurization of the primary system (including the vessel
head) to about 2790 psig (following a turbine trip event). The PSA also
assumes that the primary system will fail, resulting in a LOCA event, only
if the ASME Level C (a pressure equivalent of about 3200 psig) limit is
exceeded. Therefore, a vessel failure event should not occur.



3.1.5 Data Analyses

The staff evaluated the adequacy of the data (random failures, common cause
failures, test and maintenance unavailabilities) used to quantify the system
unreliability estimates and sequence frequency estimates. Overall, the
licensee has not developed plant-specific data (in particular, common cause
data) for sequence frequency esiimation purposes. The STP facility was under
operating licerse (OL) review, and the facility was not licensed to operate,
at that time the PSA was performed. Therefore, with the exception of a few
components, the licensee has made use of the collection of generic data
documented by its contractor, Pickard, Lowe and Garrick (PLzG). The staff
review found that the generic data cmployed in the PSA (Section 7.7 of the
PSA) is a mixture of both nuclear operatin? experience (until 1987) and data
collected by the industry, the DOE National Laboratories, recognized
professional societies (such as ASTM, ANS, IEEE, and ASME) and the USNRC.
During the review process, some of the PLAG database used for the STP PSA were
made available for the staff's review. The review primarily involved a
comparison of the PSA uvata (component failures including common cause
failures) with those documented in the NUREG-1150 supporting analyses. The
results of a summary comparison are documented in Section 3.4 of NUREG/CR-
5606. The following is a summary of the major highlights:

1. The PSA has used a total of about 2.6 trips per calendar-year as opposed
to 6.6 trips per reactor-year in the NUREG-1150 report. The staff notes
that in future PSA updates, actual STP trip data will be considered for
inclusion.

2. The frequency of the loss of feedwater events (considering recoveries) is
-1igh*1ly higher than that estimated for the NUREG-1150 report.

3. The PSA’s frequency estimate for the SGIR event (2.8E-2 per reactor-year)
is higher than that estimated for the NUREG-1150 report. The PSA estimate
is based on single tube failure events.

4. The mean check valve failure probability per demand for the PSA is three
times higher than that estimated for the NUREG-1150 an2lyses. The staff
finds that this difference is within the rang2 of the NUREG-1150
uncertainty estimates.

5. The fail-to-reclose probability for the STP PORVs is higher than that
estimated in the NUREG-1150 analyses.

6. The fail-to-run probability (per hour basis) for the turbine driven AFW
pump ot the STP facility is Tower (by a facter of five) than that of the
NUREG-1150 plants. However, the staff finds that the mission time adopted
in many dominant sequences is about one to two hours, and therefore, the
use of a lower estimate for the AFW turbine-driven pump will not
significantly change the estimated frequency of the station blackout
sequences.
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time and the RCP seal failure time and factored them into the STP HRA
accordingly, The staff also notes the licensee's room heat-up and thermal
fragility calculations were performed as part of the loss of HVAC scenarios.
The modified SLIM method has been used to quantify the performance shaping
factors (PSFs) used in characterizing the attributes of a particular human
action to be modeled in the event sequence and the associated uncertainty
distributions. The tabulated human error probabilitg estimates and dependency
correlations from NUREG/CR-1278, "Handbook of Human Relfability Analysis with
Emphasis on Nuclear Power Plants Application," have been used to quantify the
human actions modeled as part of the system analyses. The staff accepts these
enhanced modeling aspects of the HRA analyses. The following 1s a sunmary of
our technical review findings:

1. The staff evaluated the basis for the probability used for recovery of the
offsite power, the initially-lost diesel generators, the turbine-driven
AFW pump following a station blackout event, and the initia)ly-lost
chillers (prior to the heat-up of the 4,16 KV switchgear) fol{owing a loss
of HVAC scenario. These probability estimates are comparable to those
estimated for the NUREG-1150 analyses. Thus the staff accepts these
probability estimates.

2. The staff also evaluated the appropriateness of the application of the
miscalibration probability estimate for the Seabrook facility to the STp
facility. The Ticensee's response in this review area included a design
comparison analysis of the facility instrumentation hardware,
configuration, and calibration procedures for the two facilities. The
staff has reviewed this response and has found it to be appropriate for
the South Texas facility.

3.1.7 Sequence Quantification

The licensee's discussions related to quantification rethods (including the
method of crediting scenario-specific operator recovery actions) of all end
states of the developed event trees for transients, LOCAs, ATWS events, and
SGTR events are documented in Sections 5.5 and 5.6 of the PSA. During the
review process, the staff found several disagreements between the table of
dominant accident sequences (provided separately) and the system description
split fraction quantification in the PRA. The differences were in the areas
of AFW train combinations and the diesel train combination:. In response to a
staff RAI, the licensee provided clarification on several items, confirmed the
staff’'s assessment on others, and based on further review, identitied one
additional error. There was no change to the overall core damage frequency
(CDF). The licensee committed to include the corrections in the next PSA
update. The details of these findings are documented in Item C of Section 3.6
of NUREG/CR-5606. With the exception of a few sequences previously
identified, the staff accepts the PLAG's method of quantification of event
trees alony with their frequency estimates.
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The following is a summary of the staff's portrayal of potential core damage
sequences:

1.

The PSA has developed a large number (millions) of sequences with
frequenci estimates ranging as low as 1 £-10 per reactor-year. There are
about 225 sequences having frequency estimates greater than 1 E-7 per
reactor-year, and about 21 sequences having frequency estimates greater
than i E-6 per reactor-year. Although the licensee identified the 225
sequences to be "dominant," the staff’'s review involved a focus on only
the first 21 of the dominant sequences.

The total mean COF is about 1.7 E-4 per reactor-year. The staff notes
that STP is a three-train plant which has been designed and built based on
an "N+2" concept for many accident scenarios. The staff also notes that
the STP facility has three motor-driven AFW pumps and one turbine-driven
AFW pump to remove decay heat,

Of the above 2: sequences, 13 sequences are initiated by a loss of offsite
power event. Of these 13 sequences, 8 sequences involve station blackout
events (4 events with failure of the urbine-driven AFW train, 3 events
with RCP seal failures, and 1 event with a stuck-open PO event). The
remaining five loss of offsite power sequences involve combinations of
independent failures of the diesel generators, the motor-driven AFW
trains, the turbine-driven AFW train, and the ECW trains,

The relative contribution of the loss of offsite power events to the
overall core cdamage frequency is about 53 percent. The station blackout
core damage frequency is about 3 E-5 per reactor-year.

Two sequences are initiated by SGTR events for the STP facility. These
sequences involve a failure to depressurize the reactor below the steum
generator PORV setpoint, and a fai.ure to isolate the stuck-open PORV or
the affected steam generator. The GTR sejquence frequency is 2.5 E-6 per
reacior-year.

Two sequences are initiated by a loss of the Electrical Auxiliary Building
(EAB) HVAC system, The failure of the EAB HVAC system is expected to
result in a failure of all three trains of the 4.16 KV buses (due to
overheating of the 4.16 KV switchgear) which results in a demand for RCP
seal cooling by means of the PDP pump and the TSC diesel generator, and a
demand for coolant makeup to the steam generator through the turbine-
driven AFW train. The frequency estimate of these sequences is about 9 E-
6 per reactor-year,

There are two sequences initiated by a reactor trip with a combined
sequence frequency estimate of 3./ E-6 per reactor-year. These sequences
involve a failure of the secondary side decay heat removal system (four-
train AFW system), and a failure to provide primary side decay heat
removal by means of feed and bleed operation (through both pressurizer
PORVs) in a timely fashion, or a failure to provide long-term
stabilization of the plant. The "long term stabilization of the plant"
refers to a stable plant state where core decay heat is being removed
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the STP PSA dominant accident sequences in training the STP operators
(e.g9., updating STP-specific operator trainin? modules to reflect the
required rccover{ actions in responding to critical multiple failures)
regarding the role of certain failures of critical systems and equipment
and the required recuvery actions for transients. The extensive
probabilistic and reliability knowledge from the STP PSA could also be
used in updating the training simulator.

4. Maintenance of the STP PSA to reflect "current” plant, accommodate future
plant-specific experience (revised component failure data and new events
or sequences based on U.S. and foreign experience), update research
knowledge (e g., new sequences, new accident phenomena, and new
consequence methods) and hardware and procedural modifications will be a
valuable tool for the licensee,

3.2 FEire Analysis

The st2ff has reviewed the applicable portions of the fire analyses documented
in the STP PSA and SNL's technical findings on these fire analyses. The
licensee’s analyses of fire zone-specific combustibles, postulated fire
scenarios, fire data analysis, method nf screening anaiysis and its results,
and frequency estimates of the screen scenarios are documented in Sections 8,
9, and Appendix D of the STP PSA. As part of the review of these selected
fire scenarios, SNL performed a lachnical review of the fire analyses. In
addition to RAIs the staff, with the help of the SNL staff and plant fire
protection engineers, conducted a piant walkdown of critical fire zones to
obtain first-hand information on the amount of zone-specific combustibles,
fuel sources, location of fire detection and suppression systems, and
information on the applicability of generic fire data to the STP-specific fire
zones. The additional information gathered during the plant walk-down, along
with information provided by the licensee in its response to the RAls, was
included in the TER on fire risk review. These fire risk evaluation findings
are documented in Section 6 and Appendix & of NUREG/CR-.606.

3.2.1 Sgrecning Criteria

The staff evaluated the adequacy of the screening criteria used by the PSA to
excluae the frequency estimate of a single zone fire scenario if it exceeded
one tenth of one percent of the overall core damage frequency estimated for
transients and LOCAs (2 E-7 per reactor-year). This approach was considered
necessary by the licensee for the management of the enormous number of fire
sequences that could be expected from a fire event tree. After review of the
process the staff concluded that use of the screening criteria would not have
eliminated from further consideration any significant fire induced
contributors to overall core damage frequency.

3.2.2 Adeguacy of Overall Fire Analysis Mode)

The staff evaluated the modeling adequacy of the fire detection and
suppression systems along with the assignment of geometry and severity factors
used for postulated fires in the various {ire zones. Fire zones have been
screened based on two levels of screening criteria., The staff has found that,
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controls and instrument indications which rould be restored by a transfer of
control and monitorin? actions to the auxiliary shutdown panels (ASP)
subsequent to a manual reactor trip from the MCR and immediate abandonment of
the MCR. Staff rev.ow found *hat credit for the transfer of equipment control
and monitoring functions was not taken in the fire scenario frequency
estimation method. However, operator recovery of safety system equipment from
the ASP (a failure probability of 0.2 ger demand) has been modeled in the fire
scenario frequency estimation method. The staff reviewed the modeling aspects
of the ASP actions and their failure probability assignment and found them
acceptable.

3.2.3 Adequacy of Analytica) Steps

The staff evaluated the adequacy of the analytical steps involved in the
overall fire probabilistic method based on the responses provided to the
staff's RAl for the 4.16 KV switchgear (SWG) zone (Zone 4) fires. A
description of the analysis is provided in Section 6.4 and Appendix 6 of the
TER.

3.2.3.1 Zone Specific Initiating Fire frequency

The method of estimating zone-specific initiating fire frequency was evaluated
by the staff. The overall SWG Zone 4 fire frequency is about 1.4 E-3 per
reactor-year (Table 8.5-2 of the STP PSA) and is based on a systematic
analysis of plant-specific information. The Zone 4 frequency was estimated by
multiplying the allocated frequency (0.048 per reactor-year) for the
Mechanical and Electrical Auxiliary Building (MEAB) by a normalized area
modification factor estimated for Zone 4. The area factor is characterized by
the fraction of floor area of a particular zone (in percent) of the total area
of the building which contains that zone. The area factor for Zone 4 is about
1.4 percent. The modification factor is characterized by the occupancy and
the traffic patterr of a particular zone. This modification factor for each
zone is assigned by the STP fire protection engineers and is based on the
assumption that the frequency of a fire in any given zone is mostly influe ced
by the zone location in a given building and the combustible contents in that
zone. The assigned modification factor for Zone 4 is about 1.9. Thus, the
normalized area modification factor was computed by dividing the product of
area factor and modification factor for Zone 4 by the sum of all the similar
products for all zones in MEAB. The staff accepts the Zone 4 fire frequency
along with the fire frequency estimate of 1.4 E-3 per reactor-year.

The Zone 122 fire frequency estimate of 2.1 .-3 per reactor-year is one of
the larger (4.5 percent) contrivutors to the overall fire frequency for the
MAB but was screened from further consideration during the analysis. Thus,
the staff evaluated the basis for the screening of fires in Zone 122 from the
Level 3 evaluation. A fire in this zone results in a small LOCA event with a
subsequent failure of the "C" train of the CCW system. Since the additional
system failures that are medeled as part of the Level 2 screening analysis
fall into the Class 2 scenario (an event causing a transient or a LOCA event
and one or more failures of trains of a single safety system), a potential
core damage event following a Zone 122 fire will also incorporate failure of
the remaining trains of the CCW system and the HHSI system trains. Thus, the

R R R R R R R R,
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resulting core damage frequency was estimated as abzut 1.5 E-7 per reactor-
year. Also, the licensee's sensitivity analyses, in which the geometry and
severity factors (that are evaluated as part of the Level 3 evaluation stage)
for this Zone 122 were removed altogether, indicate that the fire-induced core
damage frequency (end state 43) for Zone 122 is about 2 E-6 per reactor-year
which 1s only about 1.2 percent of the overall CDF. The staff finds these
analytical steps used in the (DF estimates from fires to be acceptable.

3.2.3.2 Random Failure Contributions

The modeling adequacy of the random failure contributions for Zone 4 fires, as
part of the Level 1 and Level 2 screening stages, and the appropriateness of
the licensee's assignment of severity reduction factors as part of the Level 3
evaluation stage of the PSA fire risk analysis, were evaluated by the staff.
Since the original PSA did not provide sufficient documentation for these
review topics, the licensee provided its response, in detail, to the staff's
RAI. The frequencies of fire scenarios (end states 11, 12, 15, 16, 19, and 20)
for Zone 4 were ectimated and compared with the frequency estimates of the
corresponding end states of a transient event. At the Level 1 screening
stage, the fire scenario end states with frequencies less than one percent of
the frequency astimate of the correfpondini end state of the transient event,
were screened out from further analysis. At the Level 2 screening stage,
credit was taken for these safety systems which are not affected by Zone 4
fires, and the fire frequencies for all resulting sequences (end states 11,
12, 15, 16, 19, and 20) were estimated (Tables 4-9 and 4-11 of Appendix 6 of
NUREG/CR-5606). Then, the fire sequences (end states) with frequencies less
than one tenth of one percent of the total core damage frequency estimate for
the transient events (about 1.7 E-7 per reactor-year) were screened out from
further analysis. In summary, for Zone 4, at the Level 1 screening, all
sequences passed for Level 2 screening analysis. At the Level 2 screening,
only end states 1] and 12 passed for Level 3 evaluation.

The Level 3 evaluation took into account the severity reduction factors in
addition to credit for the systems unaffected by the Zone 4 fire. The
reduction factors reflected the conditional probability of failures of the
fire-induced safety system components such as power cables, control cables

and circuit breakers of CCW pump A, ECW pump A and AFW pump A; control cables
of the PDP; control cables of pressurizer PORV 655A; the control cables and
power cables of the pressurizer PORV 655A block valve; and the ventilation fan
motor contactors of AW pump A and CCW pump A. The staff believes that the
Level 3 analysis conducted by the licensee for zone 4 is a realistic fire
probabilistic analysis. Therefore, the staff accepts the results of the Level
3 evaluation result- provided by the licensee for Zone 4 fires. The staff
alsc notes that the severity reduction factors w.re assigned based on
engineering judgment and knowledge obtained from previous fire PRAs.

3.2.3.3 Fire Sequence Frequencies for Cable Spreading Rooms

The staff evaluated critical modeling aspects involved in estimating the zone
specific fire sequence frequen.ies for cable spreading zones/rooms ((SZ).
There are three (CSZs (Zone 47, Zone 57, and Zone 60) evaluated in detail for
the $STP facility. The total fire frequency for all these zones is about 2.4
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E-3 per reactor-year. A large portion of this estimate (1.076-3 per reactor-
year) has been allocated to Zone 47. These estimates are based on a
systematic documentation of all reported events (cable fires, panel fires, and
transient combustible fires) for a typical auxiliary or reactor buildiny of a
nuclear power facility since 1987. The total fire frequency estimated by the
STP PSA for the auxiliary building is about 4.8 E-2 per reactor-year. This
frequency was then partitioned according to the area and the occupancy and
traffic characteristics of each of the three CSZs zones indicated above. The
staff noted that such a method of estimating fire initiating frequency data is
different from past fire risk analysis practices in that past fire PRAs have
estimated the fire initiating frequency for a CSZ based on reported data for
the auxiliary building alone. As part of the resolution of this data modeling
issue, the licensee provided, in response to the staff's RAI, the results of a
sensitivity analysis, specifically the impact on the cverall core damage
frequency of increasing (by a factor of 10) the CS zone fire frequency. The
impact was found to be an insignificant increase over the originally estimated
overall fire sequence frequency estimate. The staff accepts the results.

The modeling aspects of additional failures of the systems and components
(unaffected by the postulated Zone 47 fire) modeled as part of the level 2
screening analysis were evaluated by the staff and were found to be acceptable
to the staff.

The adequacy of the licensee's assignment of reduction factors modeled as part
of the Level 3 screening analvsis was evaluated by the staff. As indicated in
previous paragraphs, the licensee also performed a sensitivity analysis by
removing altogether the geometry and severity factors as part of estimating
the fire-induced core damage frequency for the CSZ fires. The results of this
sensitivity analysis found that the Zone 47 fire yielded a tota)l core damage
frequency estimate (1.34 E-6 per reactor-year) calculated for four end states
(53, 59, 66, and 72). This is considered a bounding estimate of fire-induced
core damage freguency. The staff accepts these results.

3.2.3.4 Fire Sequence Frequencies for Turbine Building

The details of the turbine building (TB) fires and their significance on the
overall fire sequence frequency estimates were provided in the licensee's
response to the staff’'s RAl in this review area. Based on these responses,
the staff evaluated critical modeling aspects involved in estimating the fire
sequence frequencies for turbine building fires and fires in the 13.8 KV
switchgear room. The total TB fire frequency involving a non-recoverable loss
of offsite power is about 2.23 E-3 per reactor-year. The staff notes that
this frequency estimate consists of large TB fires and 13.8 KV switchgear room
fires.

The TB large fire frequency is about 2 E-3 per reactor-year. This estimate
was based on the allocated TB fire frequency (0.047 events per year during
plant operation) and one large fire event assigned to the TB of thz STP
farility out of a total of 23 TB fire events, which have been reported for
various nuclear facilities in the United States and Europe. The PSA has
characterized 13 fires out of 23 TB fire events that involved a main turbine-
generator located in the TB of a typical nuclear power plani. However, only
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one of the TB fire ~vents has been characterized as a fire event large enough
to potentially disatle both the 125 V DC control power cables from the TB
battery bus and the 125 V DC control cables of the EAB battery bus. The large
fire event is one that could result from a rupture of a hydraulic oil line
located in a typical 1B, Since these control power cables control the
switchgears of 13.8 KV buses F, G, and H, given a large fire in the 1B, a loss
of offsite power event could occur with no timely recovery. The assigned
conditional probability is about 0.043 per demand. The staff accepts the
licensee's frequency estimate of the large TB fire.

The 13.8 KV switchgear room fire frequency is about 1.9 E-4 per reactor-year,
This estimate was based on the allocated mean TB fire frequency (0.047 events
per year) and an ad‘ustment factor assigned on a Bayesian estimate (a prior
distribution of zero TB switchgear fire events out of 23 TB fire events) for
the fraction of the TB fires that occurred in a TB switchgear. The fraction
of the TB fires applicable for the switchgear room is estimated to be about
0.04. The adjustment factor tates into account an assumption that about ten
percent of the tocal TB fires could result in damage te al)l three 13.8 KV
buses. The above ten percent assignment is based vn the fact that the
switctgear cabinets of buses F, G and H are widely separated apart. The staff
accepts the licensee’s frequency estimate of the 13,8 KV switch gear room
fire.

Rs part of the Level | screening analysis, an estimate for the frequency of a
non-recoverable loss of offsite power event was obtained (see pages 309 thru
312 of the TER). This estimate is about 0.046 per year. Since the total T8
fire frequency (2.2 E-3 per year) involving a non-recoverable loss of offsite
power event is greater than one percent of the corresponding transient event
frequency (0.01*0.046 = 4.6 E-4 per year), the licensee further evaluated the
1B fire scenario analysis as part of the Level 2 screening analysis. Level 2
screening considered the dominant additional system failures that must occur
before core damage as well as an independent failure of the 138 KV emergency
line (referred to as The Blessing Line). After including the additionag
failures, the TB fire-induced core damage frequency estimate was about 3 f-7
per reactor-year. Since this estimate is greater than one tenth of one
percent of the transient-induced core damage frequency (about 2 E-7 per
reactor-year), a Level 3 evaluation would normally have been conducted by the
licensee. However, the licensee stated that the Level 2 evaluation included
some very conservative assumptions. Therefore, a ievel 3 evaluation, which
calls for incorporation of reduction factors of the affected systems in the TB
fire sequences, was not performed. The staff accepts the licensee’s analysis
for concluding the TB fires to Le insignificant contributors to the CDF and
for not considering them further.

3.2.4 Staff Observations of The South Texas PSA

1. The STP facility is a three-train plant and includes physical separations
for the safety system components and cable routings. The barriers (walls,
ceilings, floors, curtains, doors, and penetrations) separating the
critical fire zones have been built to withstand a three-hour fire in all
fire zones analyzed in the STP PSA. The staff’s review of the STP fire






- 20 -

frequency estimate for the STP facility and that for other similar
Westinghouse plants is primarily due to the fact that the station blackout
sequences at the STP facility nhave been found to have only an *N+i" protection
as is the case for other PWR facilities.

6.1 Internal Events

The staff has reviewed the methods, data, and assumptions of the STP PSA,
along with the licensee’s response to the staff's questicns during the PSA
review. The review results indicate that there is no unigue outlier that
contributes significantly (a single sequence exceeding well above 1£-4 per
reactor-year) to the overall mean rore dcmage frequency. This is primarily
gue to tie additional redundancy for the safety systems an! the provisions for
separation of various safety systems which have been built iuto the facility.

However, one sequence out of many hundreds of sequences (a total of 225
sequences that have a frequency estimate greater than 1£-7 per reactor-year)
has been estimated to have a frequency estimate of more than 1E-5 per reactor-
year. This sequence is a station blackout sequence involving failure of th:
turbine-driven train of the AFW system. It should be noted that, because cf
this sequence, the facility has been found not to have an "N+2“ protection,
This 1s the major reason that the $7! facility has the same core damage
frequency estimate that could be expected for a plant huilt on a "N+1"
concept. However, the staff does not consiver a frequency estimate of 1:-§
for any decay heat removal sequence as an outlier for any licensed nuclear
facility in the U.S.

There are 21 sequeices that have been estimated to have a frequency of more
than 1E-6 per reactor-year. These 21 sequences and the remainder of thousands
of sequences that have a frequency estimate of greater than 1£-8 per reactor-
year collectively yielded a core damage frequency of more than 1E-4 per
reactor-year. The remainder of sequences (those with frequency estimates of
less than 1£-8 per reactor vear) contributed approximately 7£-5 per reactor
year to the overall COF. This ‘s a normally expected estimate for a typical
Westinghouse PWR plant that has “een buiit and licensed to operate on an "N+1"
concept. This level of CDF can b. expected from normal random failures of
safety system components.

The staff accepts the PSA’s logical minimum number of safety system trains
needed to prevent a core damage event following a transient or a LOCA event.
It also accepts, for accident management purposes, the steam generator boil-
dry time, and the seal failure time as calculated during the PSA review.

4.2 Fire Analysis

Based on its review of the zone-specific details related to fire screening
methods, fire data analysis, associated assumptions, and fire prote-tion
features built into the STP facility along with the licensee’s response to the
staff's three sets of RAIs during the fire review process, the staff concludes
that the frequency of a single fire sequence at the STP facility is not
expected to exceed an estimate of about 2E-7 per reartor-year. The staff also
concludes that, on the basis of a conservative analysis, the frequency of a
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