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Foreword

The objective of this review is to evaluate the South Texas Project (STP)
Probability Safety Analysis (PSA) for the USNRC., The PSA vas reviewed
for thoroughness of analysis, sccuracy in plant modeling, legitimacy of
assunptions, and overall quality of the work. The revievw is limited to
the internal event analysis. A reviev of the fire accident asnalysis will
be presented in a later report,

This review i{s not & pass/fail evaluation of the adequacy of the PSA.
The adequacy of the analysis depends on the intended uses and must be
addressed on a case-by-case basis by the licensee and the NRC. This
reviev identifies strengths, weakness, and areas vhere additional
clarification would assist the NRC in evaluating the PSA for specific
regulatory purposes.

It should be noted that the licensee, Houston Lighting and Pover, did nor
see any of the comments in this review prior to its release to the NRC.
The licensee has not had the opportunity to respond to any statement made
or question raised by this interim report. Some of the concerns raised
by this review will undoubtedly be resolved after further communication
with the licensee.
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1.0 INTRODUCTION

This report summarizes a review of the South Texas Project (STP)
Probabilistic Safety Assessment (PSA).3) The PSA wis produced by
Houston Lighting and Power Company (MLP) using the servi:es of Fickaré,
Lowe, and Garrick, Inec. (PLO).

The reviev was conducted by Sandia Netional Laborator. es (SNL) with
assistance from Science and Engineering Associates, Inc. (SEA). This
report focuses on internal initiating events only.

The May 1989 version of the PSA vas reviewed. Other material utilized in
the review included: An up-to-date Final Safety Analysis Report
(FSAR),(®) Svstem Descriptions as included in the PSA, nuterous Piping
and Instrumentation Disgrams (P&IDs), logic diagrams, elenentary wiring
diagrams, technical specifications, and emergency operating procedures
(EOP). A two-day site visit in November, 1989 supplemented this written
waterial.

In Section 2 the assumptions rrgarding the plant systems which were
{ncorporated into the PSA are discussed. This section serves as a review
of how accurately the PSA reflects the plant as characterized in the
FSAR. 1In Section 2.1 the system success criteria for responding to the
various transient events are covered. Section 2.2 is an evaluation of
the support system requirements identified in the PSA for the various
gystems. In Section 2.3 assumptions regarding the configuration of the
systems and human actions for beth normal and emergency operstions are
discussed.

Section 3 contains the review of the application of PRA methous to the
analysis. Section 3.1 i{s a discussion of the Initiating Event nalysis,
Section 3.2 contains the review of the event trees, and the systen
modeling is reviewed in Section 3.3. The quantification process is
revieved in Section 3.4, and the defining of plant damage siates is
discussed in Section 3.5. An overview of the dominant sequences is in
Section 3.6.

Section 4.0 is & review of the PSA documentation, and Section 5 0 is a
discussion of special topics and insights regarding the PSA. Conc..usions
are in Section 6.0,

Reviev comments in Sections 2 through 4 of this report are categrrized
into three areas:

A. Good Insights and Important Assumptions.
B. Items insufficiently explained.

C. Potential Problems to be Resolved.
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1.1 Methodological Overview

The methodology used in the STP PSA is referred to as a "large event
tree - small fault tree” technique. This methodology, developed by PLG
Inc., emphasizes the development of very large accident sequence event
trees with many detailed top events or split fractions in the PLC
terpinology. Each event tree top event is modeled by a single
independent logic model such as & feult tree or block diagram. This
process is significantly different than the wmethodology employed in
NUREG-1150'4) and other NRC sponsored risk analyses. The NRC programs
use wvhat i{s described as a "small event tree - large fault tree"
approach, where relatively simple event trees are developed to describe
accident sequences, and extensive, highly dependent fault trees are
developed to model the top events.

The PLC methodology does not model dependencies betveen systems and
components explicitly in the top event or system models. fupport systems
and even operator actions are included as top events in . *vent trees
along with front line systems. Each path through & particu vent tree
defines & unique sequence of events, and dependencies betw: n events in
the same sequence are handled by developing a model for each event which
is dependent on any preceding event in the sequence. For example, if a
particular sequence includes loss of electrical power as one top event
and loss of Auxiliary Feedwater System (AFWS) a subsequent top event,
then a fault tree for loss of AFWS given loss of electrical power is
developed. This is in contrast to the typical NRC method where event
trees define combinations of front line system failures. The NRC nethod
models system dependencies by developing a fault tree for each front line
system with support system fault trees linked or attached to the front
line trees,.

The two methods result in very different representations of final
accident sequences which can render comparisons of results between
studies very difficult. The NRC method propagates basic event faults
from the system fault trees through the event trees to the sequence end
states. It does this by first linking support system fault trees to
front line fault trees, then merging the appropriate front line trees for
each sequence, and then using Boolean reduction to arrive at a unique
sequence expression with minimal cut sets of basic events. The PLC
technique passes no basic event information from the system level models
to the event trees, but rather each top event is guantified separately
and the resulting value (or distribution for the uncertainty
quantification) is propagated through the e¢vent tree model.

The result is that accident sequence models look very different between
the two methodologies. PLGC accident sequence models have no cut set or
basic event representation, but are combinations of split fractions (top
events) which have L::n modeled specifically to account for the
relationships between the top events for each sequence. The NRC method
ylelds sequence expressions in the form of Boolean equations with cut
sets of basic events from the system fault trees.
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Because of the fundamental differences between the methods, results must
be compared carefully. A direct comparison between sequences from the
two methods is not always possible. Comparisons must be made between
similar types of accident sequences (e.g., *.ation blackout). Importance
measures cannot be directly compared between methodologies as well,

because of the different techniques of propagating basic event failures
through the sccident sequence analysis.

Other differences exist, including common cause failure modeling, methods
of sampling of uncertainty distributions, and fallure rate values.
However, much of the work PLG has done on common cause failures has been
incorporated into the common cause analysis of NUREG-1150. In addition,
many of the PLS basic event failure rates share common industry data with
the NUREG-1150 data base. Differences between NURECG-1150 and the STP PSA
regarding failure rates for similar components may arise. However, this
last difference is more indicative of analyst choice or interpretation of
data rather than fundamental methodological differences.

It should be noted that the purpose of this review i{s net to evaluate the
validity of the PLC methodology for PRA. Both methods can produce
correct results when applied properly. The purpose of this review is to

evaluste the quality, thoroughness, and accuracy of the STP PSA analyses
and to assess the legitimacy of the results.

1.2 Limications of the Analvsis

The iTP PSA represents a dectailed Llevel 1 risk analysis. The

sophistication of the various models and analyses is generally consistent
with state-of-the-art PRA practices. But as such, this analysis has

limits of scope which are characteristic of PRA state of the art. Areas
and i{ssues not treated here include:

Partial Failures

Design Adequacy

Adequacy of Test and Maintenance Practices

Effect of Aging on component Reliability and Break in Phenomena
Adequacy of Equipment Qualification

Environmentally Related Common Cause

Similar Parts Related Common Cause

Sabotage

® @ e @ © © © O

A further limitation of the STP PSA, which is consistent with current PRA
practice, is the steam generator tube rupture initiator (SGTR). The STP
PSA considered only singls tube ruptures. Hultiple tube rupture events
have not been considered in even the most recent PRAs.
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This section of the report summarizes the review of the plant model to
which PSA techniques were applied.

2.0  PLANT ASSUMPTIONS

A great deal of effort was put forth in the PSA to understand plant
systems. Section 5.4 of the PSA and the System Descriptions in the PSA
provide excellent details of system operations, limitations, interfaces,
and assupptions used to create risk models. The event sequence diagrams
of Section 5.4 are well thought out and useful.

2.1 Success Criteris

Criteria of special importance are discussed in this section as they
relate to system success.

2.1.1 Transients
A. Good Insights and Important Assumptions.

It is conservatively assumed that main feedwater is isolated following
reactor trip. [Reference 1, Pages 5.4-10, 5.4-12, and 5.4-28)

It i{s conservatively assumed that steam dump utilizing the turbine bypass
system is not available following reactor trip. [Reference 1, Page
5.4-28)

Criteria for Reactor Coolant Pump (RCP) seal cooling is provided,
including the ability to utilize the positive displacement charging pump
powered from the Technical Support Center (TSC) diesel generator given
isolation of letdown. [Reference 1, Pages 5.4-13 and 5.4-35)  Seal
failure s assumed to result in a small LOCA which is equivalent to a
hole 0.5 to 2 inches in diameter. [Reference 1, Pages 5.4-35, and
Section 5.4.6, definition of small LOCA] Using the Moody Model as
described in Refererce 3, a two-inch hole discharges about 240 lbm/sec
(water),; Table B.3 of NUREG-1150, Reference 4, indicates that for a total
of three RCPs using older design seal O rings, the leak rate can be
suostantially greater than 240 lbm/sec. The PSA addressed this concern
by performing a sensitivity analysis on seal leak rate. VUsing a leak
rate of 1900 gpm (approximately equal to the maximum RCP leak rate in
NUREG-1150), the overall core melt frequency increased by only 2%.
[Reference 1, Section 2.2.3)

The PSA did consider both pressure and temperature limitations on the use
of RHR. [Reference 1, Page 5.4-17)

To maintain hot standby for an extended period of time, makeup water to
the Auxiliary Feedwater Storage Tank (AFWST) must be provided. This
requirement was factored into the PSA. [Reference 1, Page 5.4-27)

The PSA recognizes that an Engineered Safeguard Features Actuation Signal
(ESFAS) isolates normal charging and letdown but does not isolate seal
injection. [Reference 1, Pages 5.4-30 and 5.4-35]
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A good discussion of how transients can Pprogress to loss of Coolant
Accidents (LOCAs) was provided. [Reference 1, Pages $.4-30 and 5.4-40)

» The PSA accounts for the need to depressurize the primary system if a
transition from hot standby to RHR cooling mode is desired. [Reference
1, Pages 5.4-18) Depressurization can be achieved by spray, control of
makeup and letdown, or use of primary PORVs. It {5 {mplicit in the PSA, |
that during cooldown, pressurizer heaters are not required to maintain .-
subcooling margin and allow use of RCPs. Ambient heat losses from the
pressurizer and insurge of primary water to compensate for primary
thermal contraction should not decrease pressure significantly when
compared to the decrease in saturstion pressure as primary temperature is
reduced,

Should a transient event change te a small LOCA, High Head Safety
Injection (HHSI) will be required. [Refevence 1, Page 5.4-16] For
sufficiently small LOCAs, eventual recirculation from the sump will
require high hesd pumps given the inability to sufficiently depressurize
the primary. The high head pumps pull directly from the sump during
recirculation. Decay heat removal and containment cooling are provided
by Reactor Containment Fan Coolers (RCFCs), not by the RHR heat
exchangers. [Refcrence 1, Page 5.4-8 and 5.4-19] Containment cooling is
discussed more fully in Section 2.1.8 of this report.

The discussion of transients in Section 5.4 of the PSA provides pgood
insight into required operator actions. For example, following & normal
trip with no transition to a LOCA, the operator must: control letdown
and makeup, control main feedwater if available or auxiliary feedwater {f
sctuated, control cooldown with turbine bypass steam dunmp or steam
generstor PORVs, control RCS pressure, borate a@s required, and initiate ;
RHR 1f return to pover iz not an optien. i

B. Items Insufficiently Explained

Pressurized Thermal Shock (PTS) is of concern following a reactor trip if
turbine trip fails and any Main Steam Isolation Valve (MSIV) fails to
close. PTS is a possibility 4if the operator fails to manually throttle
high head injection to maintain primary pressure vithin allowable limits
a5 primary temperature decreases during the uncontrelled cooldown.
(Reference 1, Pages 5.4-16 and 5.4-32] Numerical values for the failure
of the operator to throttle high head injection and for the subsequent
conditional probability of vessel failure from PTS could not be located
in the PSA. [Reference 1, Table 5.4-5 does not provide a systems
analysis reference section for Top Event Vi, Reactor Vesse! Remains
Intact During PTS Challenge.

Successful end states following & transient ave: heot standby, hot
shutdown with Residual Heat Removal (RHR) cooling the plant toward cold ;
shutdown, or return to power. There appears to be some confusion in i
nomenclature: numerous statements appear to refer teo hot stundby &s hot .
shutdown [Reference 1, Pages 5.4-27, 5.4-29, 5.4-37.] In hot shutdown L
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RHR can be in operation; RHR cannot be {n operation during hot standby if
the definitions of Table 1.2 of Reference 5 are followed. The
nomenclature in the PSA should be consistent with that in the Technical
Specifications.

C. Potential Problems to be Resolved

Successful feed and bleed requires at least one train of High Head Safety
Injection (HHSI) and manual opening of both pressurizer PORVs before
steam generator dryout. [Reference 1, Pages 5.4-19 and 5.4-29.] High
head charging pumps are not necessary for feed and bleed because the
secondary water inventory in the steam generator provides for heat
removal during the first 30 minuces of the transient after which decay
heat i{s sufficiently low to allow depressurization with the PORVs and
makeup with HHSI. Section B.1 of Reference 1 claims that over one hour
is available before steam generator dryout. The time to dryout was

discussed during the site visit i{n November 1989, A kev parameter
affecting time to dryout is how many full-power seconds occur between
loss of feedwater and reactor trip. Reactor trip on low level will

probably result in dryout in about 30 minutes, while i{f credit for
earlier reactor trip on overtemperature delta T can be assured, dryout
may not occur until after one hour. During the November meeting HLAP
agreed to resolve this but has yet to do so.®,

2.1.2 Large LOCAs
A. Good Insights and Important Assumptions

A large LOCA {s & major breach in the primary system piping that rapidly
depressurizes the primary system. As primary fluid flashes, both water
and vapor blowdown through the break with incomplete phase separation and
the vessel retains little water until Emergency Core Cooling System
(ECCS) injection occurs. The PSA categorizes breaches greater than a
six-inch diameter equivalent as a large LOCA. [Reference 1, Page
5.4-143.) This is a reasonable definition for a large LOCA, because at
norzal system pressure a six-inch hole discharges about 2200 1b5/sec
(water)®, and the maximum ECCS injection rate from one train of HHSI
and low Head Safety Injection (LHSI) is 4000 gpm or 560 1lb/sec with a
completely depressurized primary [Reference 2, Figure 15.6-54.) Thus, a
six-inch hole exhibits the characteristics of a major breach: rapid
depressurization, emptying of the vessel, and the need for LHSI.

B. Items Insufficiently Explained

The PSA assumes that accumulator injection i{s not required following a
large LOCA. [Reference 1, Pages 5.4-143.] This assumption needs to be
justified. During the November 1989 site visit, HLAP agreed to address
this {tem by either documenting the acceptable ECCS performance without
accuaulators or by adding a requirement for accumulator injection in the
follow-on Level 11 PSA, but has yet to do s0.(®

The large LOCA eveut tree does not address the effect of failure to
{solate containment on the ability to reflood the core. If the



containment pressure is lower than the minimum back pressure used in the
LOCA licensing analyses, reflood occurs at a2 lower rate. [Reference 6,

Sections 6.2.1.1.1.6 and 6.3.3, and Figure 6.2.1.5. Reference 7, Section
6$.2.1.5.)

The PSA does not address long term switch over from cold to hot leg
recirculation to aveid boron precipitation.

2.1.3 Hedium LOCAs
A. Good Insights and Important Assumptions

A medium LOCA covers a range of breach sizes between & large and a small
LOCA. At the upper end of the range, a medium LOCA i{s like a large LOCA.

At the small end of the range, a medium LOCA is like a small !0CA where
injection does not utilize LHSI.

The PSA categorization of breasches between two and six-inch equivalent
diameter as medium LOCAs i{s reasonable. (Reference 1, Page 5.4-129.)
LHSI would never be activated for a two-inch break since at 300 psia
(LHSI shutoff) one HHSI train can inject 1200 gpm (168 1b/s) while the
break flow would only be about 100 1b/s (weter) using Moody's model.
(Reference 2, Section 6.3 and Figure 15.6-54, Reference 3.) It s
assumed in the PSA that no steam generator heat removal is required to
remove decay heat, due to enthalpy losses out the break. This is a valid
assunption. At 2500 psig (safety valves setpoint) & two-inch hole
relieves 240 1b/s (water), and 1.7x10%° Btu/s or 110 1lb/s (steam) and

1.2x10% Btu, [Reference 3, Referemce 8.) The change in enthalpy of
1.2x10° Btu/s con match decay heat at about 300 seconds after reactor
trip [(Reference 2, Figure 6.2.1.1-18.]) During the first 300 seconds the

excess decay heat would heat up the primary by about 15 degrees F at
most, which would not saturate the primary.

B. Items Insufficiently Explained

The PSA assumes that accumulators are not needed to mitigate a mediux

LOCA. The resolution of this item is discussed in Section 2.1.2 along
with large LOCAs.

2.1.4 Small LOCAs
A. Good Insight and Important Assumptions

A small LOCA requires HHSI for makeup and also requires steam generator
cooling. Phase separation in the vessel occurs following a small LOCA if
the RCPs are tripped. Breaches small enough to be handled by the normal
Chemical and Volume Control System (CVCS) are categorized as transients.
The PSA categorizes breaches between 0.5 and tvo-inch equivalent diameter
as small LOCAs. [Reference 1, Page 5.4-109.] Based on Table 9.3-9 of
Reference 2, the CVCS can match a leak of about 150 gpm (hot fluid) in
excess of 100 gpm normal letdown since the maximum CVCS injection is 230
gpm charging plus 20 gpm seal injection. 150 gpm (het fluid) is 14 1lb/s.
At normal primary pressure a 0.5 hole will discharge about 15 1lb/s.®
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Even if reactor trip on low pressure should occur no ESFAS actuation will
occur since CVCS makeup can exceed loss through the hole above the ESFAS
low pressure trip setpoint of 1850 psig.(® Thus, 0.5 inches is an
appropriate lower limit for small LOCAs. A two-inci upper limit for a
small LOCA is acceptable. However, the details of primary to secondary
cooling vary for different sizes of small LOCAs. For example, with steanm
generator cooling, the primary temperature will spproximately equal the
secondary temperature, about 550 degrees F. Saturation pressure at 530
degrees F is about 1000 psia. At 1000 psia one train of HHSI supplies
about 700 gpm or 98 1b/s, but a break of size two {inches relieves water
in excess of this HHSI injection rate at 1000 psia. Thus, for certain
small LOCAs the primary system will depressurize to saturation, flashing
vill occur, and condensation cooling of the primary side in the stean
generators will be required.® However, one train of HHSI will, indeed,
mitigate such a small LOCA.

In the recirculation mode, for breaches in the lower end of the small
LOCA size range recirculation cooling will be with HHSI. The PSA claims
that in this situation, RCFCs can remove decay heat and cool containment.
(Reference 1, Page 5.4-121.] For high end small LOCAs, the primary
system will depressurize to the point where LHSI can be used, vhich
provides for heat removal through the RHR heat exchanger. Containment
cooling is discussed in Section 2.1.8 of this report.

Given a small LOCA without Turbine Trip or MSIV closure, concerns related
to PTS are hendled as they were for a transient. [Reference 1, Pages 5.4-
110 and 5.4-124.]

B. Items Insufficiently Explained

The PSA does not discuss breach of an instrument tube as & unique small
LOCA. This breach is special because of its location being below the
core. All other small LOCAs (wnich are in elevated piping) will uncover
(steam out the break) prior to water level falling below the top of the
core if the RCPs are tripped. However, the small size of the instrument
tube (probably 5/8 inch) should ensure that HHSI can makeup the loss and
retain subcooled natural circulation to the steam generators without
break uncovery being necessary.(® That i{s, the generic small LOCA
success criteria probably covers instrument tube LOCAs. The PSA should
address instrument tube LOCAs and ensure they are cover'd within the
generic small LOCA category.

2.1.5 SGTR
A. Good Insights and Important Assumptions

The description of a Steam Generator Tube Rupture (SGTR) accident in
Section 5.4 of the PSA is very thorough.

The PSA conservatively assumes core damage if the primary cannot be
cooled to hot shutdown and RHR initiated. [(Reference 1, Page 5.4-102.)
It is possible to mitigate a SCTR by remaining in hot standby below the



steam generator PORV setpoint on the bad steam penerator provided makeup
to the AFWST is available.

The PSA conservatively assumes primary pressure must be controlled with
spray, auxiliary spray or primary PORVs during cooldown. [Reference 1,
Pages 5.4-106 and 5.4-107.] Plant Emergency Operating Procedures (EOP)

do cover cooldown following a SGTR without pressurizer pressure control
or vith a saturated primary. (i0.11)

2.1.6 V Sequence
A. Good Insights and lmportant Assumptions

The V sequence is an interfacing systems LOCA that bypasses containment.
It should be noted that the RHR pumps and heat exchangers are inside

containment at STP and thus their associated piping is not a potential
initiator for the V sequence.

B. Items Insufficiently Explained

The PSA did not explicitly quantify the V sequence, claiming that since
at least three valves in series must fail, the frequency of the sequence
will be less than that that calculated for Seabrook.(}?) The frequency of
& large early release at Seabrook is small when consideration of
mitigating actions {s incorporated subsequent to the initiator. Without
more discussion of the ability of the South Texas Plant to mitigate the
initiating event, this comparison of the two plants {s questionable even
though the frequency of the initiating event is probably lower for the
Scuth Texas Plant than for the Seabrook plant. This concern should be
addressed in the PSA. [Reference 1, Page 5.4-151 and table 5.4-30.)

Table 5.4-31 of the PSA is entitled "Piping Systems Connected to the
RCS". This teble fails to include the four-inch letdown line which
penetrates containment. This line is not of concern for the V sequence
due to the presence of flow orifices in the line inside containment whicn
limit flow through a line break outside containment to within the CVCS
makeup capability. [Reference 2, Section 15.6.2.2.) A break in the
letdown line outside containment is thus categorized as a transient, not
a LOCA. This point should be discussed in the PSA.

2.1.7 ATUS

A. Cood Insights and Important Assumptions

The discussion in the PSA for the Anticipated Transient without Scram
(ATWS) sequence is very thorough.

Vessel failure is assumed to not occur if ASME level C service conditions
are maintained which correspond to an upper limit on primary pressure of
3200 psig. If 3200 psig primary pressure is exceeded, a small LOCA {s
postulated to occur, [Reference 1, Page 5.4-42.) The PSA requires
boration given failure of rods to insert, to mitigate the ATWS.
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[Reference 1, Page 5.4-41.] Boration is necessary to reduce power and
lower pressure to allov for inventory makeup.

2.1.8 Containment Cooling
B, Jtems Insufficiently Explained

The PSA implies that spray injection and spray recirculation are not
required for containment integrity, but are helpful for fission product
removal. [Reference 1, Page 5.4-144.] Containment pressure will exceed
the calculated pressures of Section 6.2, Reference 2, if there is no
spray injection, but apparently it would not exceed the design value of
56.5 psig. However, the effect of no containment spray injection on
containment pressure is not explicitly discussed.

Without spray recirculation, thermodynamic equilibrium between the sump
vater and the containment atmosphere is less closely achieved. This
means the sump may be boiling which i{s acceptable because adequate NPSH
for the ECCS pumps is available if the vapor pressure for the sump water
is as low as the containment pressure due to vapor and air. [Reference
2, Section 6.3.2.2.) Spray recirculation removes no energy from
containment at STP, but coes help establish thermodynamic equilibrium.

Section 5.4 of the PSA states that during recirculation, either one RHR
heat exchanger or two RCFCs can maintain containment integrity and match
decay heat. [Reference 1, Pages 5.4-148, 5.4-149, 5.4-76.) These
criteria are in conflict with those of Section 16 of the PSA which states
both one RCFC and one recirculation heat removal path are required.
[Reference 1, Page 16.1-5.] Also, Section 16 implies that recirculation
alvays removes heat which is not true at STP when recirculating with HHSI
pumps; only recirculation with LHSI pumps utilizes the RKR heat
exchangers. The discrepancies between Sections 5.4 and 16 of the PSA
should be resolved,

The PSA does not reference the basis for the adequacy of containzens
cooling with one LHSI loop in recirculation or two RCFCs. A rough
calculation supports this criteria, but it is not justified in the PSA.
The design maximum temperature of the ECCS pumps is 300 degrees F,
[Reference 2, Table 6.3-1]. If it is assumed that the sump water reaches
this temperature and that the containment sprays are not working,
thermodynamic equilibrium between the sump and containment would not be
established. The sump would be boiling and total containment pressure
wvould be 68 psia, slightly below the containment design pressure of 71.2
psia. At 68 psia, air pressure is about 19 psia and hence vapor pressure
is about 49 psia. Saturation pressure at 49 psia is 280 degrees F. With
containment atmosphere at 280 degrees F, two RCFCs can remove about
220x10* Btu/hr from the containment; and with the sump water at 300
degrees F, one RHR heat exchanger (LHSI) can remove about 200 X10® Btu/hr
from the sump water. [Reference 6, Figure 6.2.1,.1.-3 and Table 6.2.11.
5.] Decay heat would not reach 200x10® Btu/hr until approximately 4000 s
after reactor trip. (Reference 2, Figure 6.2.1.1-18,) 1If recirculation
{s initiated &t 1200 s (a reasonable time based on i{nformation in the
FSAR) with the containment atmosphere at 235 degrees F, decay heat would

10



be eabout 280x10% Btu/hr |[Reference 2, Table €.2.1.1-10 and Figure
6.2.1.1-18.) The mismatch c«n be ronservatively estimated as 00x10°¢
Btu/hr {into containment for 2800 s. Thus, & totsl of 62x10° Btu are
added to containment before minimum containment cooling can match decay
heat. This mismatch is acceptable because about 190x10® Btu would be
required to generate saturated vapor in containment from 235 degrees F to
280 degrees F. Equipment operability under these minimum containment
cooling conditions is not discussed in the PSA.

It is claimed in the PSA that a hole in containment greater than or equal
to three inches in diameter will not allow containment to pressurize.
[Reference 1, Page 5.4-73.) The basis for this claim is not clear. At a
design pressure of 7i1.2 psie, a three-inch hele will relieve about
2.2x10% 1b/hr of ssturated vapor. [Based on equations in Reference 13.)
If it is assumed that all decay heat generates steam and an enthalpy of
phase change of 900 Btu/lb is used, this relief racte can match 1,98x10’
Btu/hr of decay heat. However, this level of decay heat i{s not reached
until about 10® seconds after reactor trip. [Reference 2, Figure
6.2.1.1-18.] The PSA does not justify the three-inch limic.

In accident scenarios in which recirculation from the sump is available,
but with no containment heat removal via RHR heat exchanges or RCFCs,
core melt is assumed to occur prior to containment failure. [Reference
1, Page 5.4-121, 5.4-135,5.4-146.]) This is reasonable using 300 degrees
F as the design limit for ECCS pumps since as previously discussed the
300 degrees F limit should be reached before the containment design
pressure is reached. This point should be clarified in the PSA.

The PSA does not consider the possibility for early containment failure
except for failure to isolate. [Reference 1, Section 5.4.4 and Table
16.1-6] Early containment failure is failure before or during core melt
due to causes other than failure to isolate containment. It is staced in
NUREC 1150 that early containment failure at large dry PWR containments
is ¢of low likelihood; however, direct containment heating following high
pressure melt, or in-vessel steam explosion can cause early containment
failure. These points should be mentioned in the Level I PSA but do not
have to be substantiated until the Level II1 PSA is cempleted.

2.2 Support System Requirements

Tables 5.3-1 and 5.3-2 of tha PSA summarize intersystem dependencies.

The system descriptions appended to the PSA provide more details on
support interfaces.

2.2.1 Electric Power
A Good Insights and Important Assumptions

System dependencies on electric pover for motive power appear to be
completely identified. The 4160 Vac system incluaes the 480 Vac system.
(Reference 1 system description 1 assumption J& ] Sources of electric
power consist of: offsite power, the three 4160 Vaz lE trains including

480 Vac, the four DC lE trains, and the four Vital 120 Vac trains.
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The following requirements were correctly identified in the PSA:
- Pressurizer PORVs require DC to open.
- Pressurizer PORV block valves require 480 Vac to close.

. Steam Generator PORVs use hydraulic actuators and require 48O
Vac. They also require 120 Vac and the Qualified Display
Processing System (QDPS).

Auxiliary Feedwater train D requires DC power to open isolation
valves, no AC power is required for train D. Trains A, B, and C
require 4160 Vac for pump motors and 480 Vac for isolation valve
motors; DC power is required to close the circuit breakers to
start the pumps. (4160 Vac motors are across-the-line starting
and do not use motor starters.)

- MSIVs fail closed on loss of DC.
- Turbine bypass valves require DC to open.

« The CVCS centrifugal starting pumps require 4160 Vac for motors
and DC for closing ecircuit breakers. The CVCS positive
displacement pump motor requires 480 Vac. Valves require 480
Vac.

- The HHSI and the LHSI require 4160 Vac for pump motors and DC
for circuit breakers. All motor operated valves (MOVs) are
correctly aligned for injection but 4BO Vac is required to
operate valves when switching to racirculation.

- The Containment Spray 3System (CSS) requires 4160 Vac for pump
motors, 4B0 Vac for valves, and DC for circuit breakers.

« T-e RCFCs require 4BO Vac for fan motors and DC for circuit
breakers.

- Containment isolation requires 480 Vac and DC.

- RHR, Component Cooling Water (CCW) and Essential Cooling Water
(ECW) require 4160 Vac for pump motors, 480 Vac for valves, and
DC for circuit breakers.

- Essential chilled water requires 480 Vac for pump motors. The
PSA identifies a requirement for 1E DC also; however, this may
not be necessary. These motors use motor starters in a motor
control center and the AC power for closing contactors is
derived from a stepdown transformer in the 4B0 Vac supply
(wiring diagram 9ECHO701]. Only i{f circuit breakers upstream of
the contactors are open is 1E DC required to close them.

12
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2.2.2 Instrumentation and Control '

The electrical requirements for Instrumentation and Contrel (I1&C) were
reviewed for both automatic contrel, and indication &as required for
manual control.

A. GCood Insights and Important Assumptions

The following I&C dependencies for automatic actuation were correctly
identified in the PSA:

. Automatic actions to trip the reactor and actuate safety
equipment do not require control power. The Reactor Protection
System (RPS) and the ESFAS both de-energize to trip except for
the final bistable for initiating containment spray. (Reference
2, Section 7.3.1.2.2.1.)

. 1E DC is required for closing and vripping circuit breakers in
4160 Vac and 480 Vac circuits.

. 1E DC is required for diesel generator field flashing and enf
control (The diesel generators do not use dedicated batteries,
as verified in Reference 6.)
. 1E DC is required for the ESF Diesel Generator Loac Sequencers.
. AC for 4BO Vac motor starters in Motor Control Centers (MCC) is
derived from the 480 Vac distribution to the MCC via a stepdown
transformer.
The following 1&C dependencies for reading instrumentation in conjunction
vith subsequent manual actions were correctly {dentified in the PSA
(power for actuated components was discussed in the previous section):

. Solid State Protection System (SS5PS) is necessary to Teset
ESFAS.

- SSPS requires 120 V vital ac.

- QDPS and associated inputs are needed to monitor plant
conditions.

. QDPS requires 120 V vital ac.

. For control of Auxiliary Feedwater, QDPS and LC power are
required for train D; QDPS and 120 Vac are required for trains
A, B, and C.

. Switching ECCS from injection to recirculation mode requires
§SPS for actuation on low RWST level.

. Essential chilled water needs QDPS for ECW valves on chillers.

13



DRAFT

« Other systems need 1&C to provide information required for
manual control; however, the ability to manually control these
systems is not critical. Such systvems include: CVCS, CCW, ECW,
RHR heat exchangers/bypass, and boron addition.

B. Items Insufficiently Explained

For control of HHSI, QDPS is required. Without informution on
pressurizer level, throttling of HHSI as required (for example to avoid
PTS) is not possible. This dependence is not identified in Table 5.3.2
of the PSA.

2.2.3 HVAC/Room Caoling

Room cooling is required to maintain equipment within design temperature
limits. Heat sources within a room include: hot fluid, wmotors, and
electrical switchgear. Heat removal is provided by building Heating
Ventilating aand Air Conditioning (HVAC) systems or by dedicated ioom
coolers.

The requirements for safety grade cooling as discussed in section 9.4 of
Reference 2 were compared to the dependencies indicated in Tables 5.3-1
and 5.3-2 of the PSA.

A. Good Insights and Important Assumptions

The following dependencies for HVAC/Room Cooling were correctly
identified in the PSA:

- Control room HVAC Requires Essential Chilled Water to cool the
chiller condensers in Air Handling Units (AHU).

- Essential Chilled Water requires ECW for a heat sink.

« Electrical switchgear requires the Electrical Auxiliarv Building
(EAB) HVAC.

- EAB HVAC requires Essential Chilled Water to cocl AHUs. (Once
through EAB HVAC is discussed in Section 2.3.2 of this report.)

- CCW pump rooms require supplementary coolers cooled by ECV,
This i{s an additional dependence of CCW on ECW besides the need
for CCW heat exchanger cooling. Systen Description 7 of the
PSA ftor CCW indicates that ECW is necessary for both CCW heat
exchanger cooling and for supplementary coolers.

- Diesel Cenerator rooms require once through ventilation using
supply fans and intake/exhaust louvers. This dependence is not
explicitly identified in Table 5.3-1; however, Systenm
Pescription 1 of the PSA tor electrical power verifies that this
dependence 1is considered as part of the standby power systenm
itself.
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The ECVW pump rooms require once through ventilation using supply
fans and intake/exhaust louvers. This dependency is included as

part of the ECY system itself. [Reference 1, System Description
4, Section J.9.].

-

B. Items Insufficiently Explained

The CVCS pump rooms require supplementary coolers cooled by CCW. This is
an additional dependence of CVCS on CCW besides lube oil cooling for the
centrifugal charging pumps. System Description 10 Section C of the PSA
for CVCS indicates CCW {s required for coeling all CVCS pump rooms.
However, Section 1, assumption 9 of this systen description states that
snalyses performed by HLAP indicates loss of room cooling for the
positive displacement pump is acceptable. This analysis should be
referenced, because an important finding of the PSA is that RCP seal

injection can be provided by the PDP powered off the TSC diesel generator
following station blackout.

C. T =ential Problems to be Resolved

ECCS pump rooms require Essential Chilled Water according to Reference 2,
Section 9.4. This dependence is not included in Teble 5.3-2 of the PSA
for LHMSI, HHSI, and CSS. Table 5.3-2 does indicate that the ECCS pump
rooms require EAB HVAC, Based on Reference 6, this entry i{s not
necessary since it evidently accounts for an indirect dependence of the
punp motors on the EAB HVAC. The EAB HVAC is necessary for cooling of
the ECCS dependency on the 4160 Vac power supply switchgear for the ECCS

pumps, but this dependence is already included as part of the ECCS
dependency on the 4160 Vac system.

System Description 10 for safety injection, assumption J-2, states with
respect to ECCS pump room cooling "...it 4z assumed that room cooling is
not riecessary due to natural convectien that will be available."V This
assumption is not justified. During the November, 1989 site visit, HLAP
stated that they are investigsting this issue.!® During & tour of the
plant in November, it was noted that the ECCS pump rooms are open to the
Fuel Handling Building. Also, the RHR heat exchengers are inside
containment, not in the ECCS punp rooms as they are at some plants.
Thus, heat removal requirements for these rvooms may be pssible by
natural circulation alone but this claim must be substantiated.

The utility supplied information on this issue in a letter dated January
16, 1990 from S§. D. Phillips, Support Licensing.* 1In the letter,
transient heatup analyses of the ECCS pump rooms were discussed. The
analysis of most significance te the ECCS room c<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>