BROOKHAVEN NATIONAL LABORATORY
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January 23, 1984
TO R. A. Bari
FROM: M. A. Azarm, C. Ruger, and J. L. Boccio

SUBJECT:  Status of GESSAR Review: Fire

Oyur review of the GESSAR II Fire and Flood External Event Analysis docu-
ment(lg, prepared by the General Electric Company, has reached an impasse.
Prevalent to this state of affairs is the fact that (1) the document is not a
"stand alone" study of the risks associated with fires within the plant, and
(2) we have not, as yet, received from the utility any responses to our ini-
tial inquiries that were submitted to NRC by letter dated Dec. 6, 1983.

This lack of completeness and utility responsiveness notwithstanding, the
purpose of this memo is to amplify further our initial findings. As has been
the case in our review of the LIMERICK SARA, the team assigned to review
"GESSAR II - Fire" had a dual function. One is to critique those determinis-

tic fire models employed in the analysis; the other, to assess the probabilis-
tic methods and data employed for determining the frequency of fire-induced
initiating events. The results of this effort are then reporied to those
within the Risk Evaluation Group assigned to review the bottom-line risk num-
bers, viz, core-melt frequency. For completeness, the scope of our review
also entailed the gathering of inf?rmation from a companion document - the
GESSAR II Fire Hazards Analysis. (2

Probabilistic Fire Analysis - A Preview

At the outset, we must state that with the incorporation of many fire-
protection features within the generic plant, the core-melt frequency from
fires is expected to bc comparatively lower than those from other plants. Pri-
marily, this is due to strict compliance to requirements set forth in Appendix
R to 10 CFR 50 in Section 9.5.1 of the Standard Review Plan (SRP). However,
corroboration of this expectation, through quantitative analysis, has been
hampered from the lack of completeness of the document under review. Also, in
certain respects, the document does not contain the necessary elements or
steps ~urrently associated with what is perceived to be the state-of-the-art
in probabilistic fire-risk assessment. This, coupled with the prevailing
large uncertainties in fire-risk analysis, precludes making any viable judg-
ments or appraisals on the cited document.

The scope of our review is, therefore, limited to (1) generic discussions
on specific fire protection features designed into the GESSAR Il plant; (2)
their potential impact on fire-risk analysis; and (3) to the extent possible,
a summary appraisal on the existing GESSAR fire-risk analysis.
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Ssveral probabilistic fire-risk studies have already been perform-
ed(3-6), In almost all of these studies, fire is one of the major contribu-
tors to the overall plant risk, dominated by fire occurrences in a few areas
where electrical cabling and equipment of redundant shutdown divisions are
either mutually located or do not meet specific fire protection requirements.
Thus, the methodclogies developed for probabilistic fire-risk assessment basi-
cally address single enclosure fires, and the contribution of risk due to a
fire spreading beyond the rated barriers has been judged to be negligible com-
pared to single enclosure fire risk.

For a i}ngle enclosure fire, three stages of fire propagation are usually
considered(4). First stage growth is construed as damage to components in
the immediate vicinity of the fire source which usually causes the initiating
event (reactor scram and other transients). The second stage crnsists of fire
growth to adjacent unprotected cable raceways, separated from the initial fire
by the minimum separation criteria (5 ft. vertically and 3 ft. horizontally).
Third stage fire growth represents fire of sufficient severity and duration to
damage mutually redundant shutdown methods separated by at least 20 ft. or
else protected by rated barriers (usualiy 1/2 hr. to 1 hr. rated blanket).

For those plant designs and areas, where cabling and/or the equipment used for
redundant shutdown methods are located, the third stage of fire growth within
these areas usually yfelds the dominant fire-risk contributors.

In the GESSAR II Plant design, cabling and equipment associated with the
redundant shutdown methods are (in most cases) separated by three-hour rated
barriers. (There are a ‘ew exceptions that are discussed in detail in the
fire hazard analysis repart.) Minimizing fire growth through efficient utili-
zation of these barriers has three impacts on existing fire-risk assessment
methodolegies, viz, :

1) conceivably, fire risk is reduced because the contribution of third
stage fire growth is lessened. However, the contributions of Stage 1
and 2 fire growth may now be comparable or even more than the Stage 3
fire growth., Hence, it is important to consider all the areas of the
plant where a fire can cause an initiating event (first stage
growth).

2) The third stage fire growth (now defined as fire spreading through
three-hour rated barriers and penetrations) necessiates consideration
for multi-enclosure fire spread and thus differs from the various
fire PRA's performed thus far for single enclosure fire growth.

3) A fire in high fuel load areas, contiguous to critical areas con-
taining safety systems, may impose a threat to plant safety. Al-
though the probability of fires with enough severity and duration

to cause barrier failures may be small, their inclusion in probabi-
listic fire analysis for plant design, such as GESSAR II, cannot

be disregarded.
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the above factors be consfdered. The first can be compliad with if al areas”

of the plant that may induce an initiating event or contain safety-related
equipment or cabling, are included in the study. _The remaining can be ad-
dressed by boundzn? analysis on barrier failures(7) and construction of an
adjacency matrix 8] to identify the critical multi-enclosures fire scenarios.
Once the critical multi-enclosures fire scenarios are identified, the detailed
probabilistic modeling can be performed by means of various methodologies such
as those given in References 9 and 10.*

The GESSAR Probabilistic Fire Analysis report appears not to have includ-
ed these three factors systematically. Hence, questions as to completeness of
the study and efficiency of the numerical results prevails. Note that the ad-
ditional elements, discussed above, have yet to be implemented in conventional
fire probabilistic risk studies and that further research in this area may be
required. However, given the existing methodologies, some of the concerns
mentioned above could have been addressed for GESSAR II plant, at Teast
through a bounding analysis.

Specific Discussion

Qur specific comments and questions on the GE report on probabilistic
fire analysis for GESSAR II are given below. These comments are on the
screening analysis used; the fire frequencies employed; fire propagation and
suppression models incorporated; and, the gquantificatior of fire-induced core
melt probability.

e Screening Analysis

Althoughr a GE screening analysis has identified six critical fire
areas, there is Tittle discussion and almost no documentation as to how the
analysis was performed. (It is stated that the areas identified through the
screening analysis are basically the same as *hose suggested by the NRC.) In
addition, the consequence of fire in the diese! generator building is consid-
e~ed negligible under the assumption that the diesel generator catches fire
while in the standby mode. However, actuarial data on fire in nuclear power
plants indicates that the frequency of a diesel generator catching fire per
demand is about 7.4x10-%. Hence, a fire scenario starting with Loss of Off=-
Site Power (LOSP) and imposing demands on the diesel generators may result in
a diesel generator fire while it is not in a standby mode. Given the exis-
tence of three diesel generators in GESSAR II plant and the frequency of LOSP
of about 0.22/year, a frequency of 4.8x104/year can be assigned to this
fire scenario (LOSP with loss of one diesel).

* These two references may a1so provide some insight into determining fire-
barrier effectiveness.
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Therefare, BNL cannot address the adequacy of the screening analy-
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umentation on this subject.

e Fire Frequency

The GESSAR report states that the annual fire frequency for the crit-
ical fire areas are estimated based on the actual fire data in nuclear power
p]ants(ll). However, no discussion on either the data used or on the esti-
mation process employed is provided in the report. Reference (12) lists data
on building fire frequency based on the actual data given in Reference (11).
These estimations are given in Table 1, It has been our recommendation that
the data for self-ignited cable fires be reduced by a factor of three to ?53)
count for the use of proper splices, overrated and flame retardant cables .
Furthermore, the resultant frequency for self-ignited cable fires can be
spacialized to a specific fire zone in a building by e ratio of the actual
combustible weight or aréa in the room to the total combustible weight or area
in the building. :

It is also not clear how the annual fire frequencies for the critical
areas are estimated in GESSAR II Probabilistic Study. Specifically, the
p-factor, defined in the study as the ratio of combustible area to the room
area, may only be justified for the transient fires if one takes into account
the critical distances given in Table 2-2 of the GESSAR II Fire Probabilistic
report. Agafn, without further documentation explaining how the fire frequen-
cies are estimated and what is the logical interrelation between the p-factor
and the fire frequency in the critical areas, we will avoid any judgment on
the accuracy of fire frequency estimates.

e Zone Specific Comments

Control Room

%
-

The scenario considered for the control room starts with a fire in a
panel which is confined to a cabinet. Propagation to other cabinets is judged
to be negligible. It is stated that the cabinet design given in Figure A il-
lustrates features which mitigate the spread of fires. H ver, the report
does not contain Fiqure A. It is also stated that there is 0.2 chance of
cable ignition. It is not clear to us what cables are considered and how the
0.2 chance was estimated. There is no indication which cabinets are critical
and how the p-factor was estimated.

In conclusion; we recommend for the control room fire a bounding
analysis be performed (similar to the one done in Reference (4)), taking into
account the plant-specific fire protection features.

Control Equipment Room

The same comments as above are applicable.
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A fire scenario, starting with a fire in a termination cabinet, dis-
abling a safety division and then propagating to other divisions is consider=
ed. The following assumptions are made for quantification of _his scenario:

1. It is assumed that it takes 10 minutes for a fire to disable a
division of safety cables.

2. The probabiiity for fire to propagate 20-feet to another division
is assumed to be 0.5.

3. The propagation of fire through the termination cabinet, a three
hour rated wall, 50 ft. of separation and another three hour
-~ rated wallh is assuaed to be 5.0x10-6, .

Given the assumption that there are no exposed cables in this room,
the above estimates, although judgmental, may be appropriate. However, the
event tree developed for this fire scenario attempts to combine the two elec-
trical equipment rooms together. This combination results in an unc :r-
estimation of the core melt frequency. The proper estimates can be obtained
if two similar event trees for each electrical equipment room fire scenario be
constructed and quantified. In addition, the p-factor used for these areas
can be neither justified nor understood.

Cable Tunnel

The cable tunnels are located at each side of the control room. Di-
visions 1 and 4 are located om one side of the control room, while Divisions 2
and 3 are Tocated on the other side. Cabting in Divisions 3 and 4 runs
through conduits empedded within three-hour resistant concrete exterior walls.
The analysis performed for the cable tunnels resembles that of the Electrical
Equipment Room with the exception that the probability of suppression for the
first 10 minutes is assumed to be 0.9. Hence, our critique of this fire zone
is similar to that given for Electrical Equipment Room.

Auxiliary Building (Electrical Equipment Room and Zone 1 Corridor)

The analysis is not clear at all. There are two auxiliary electrical
equipment rooms and two corridors of concern (Zone 1 and 2). It is not clear
why only the Zone-1 corridor and one of the auxiliary Electrical Equipment
Rocns are considered. There is some Division 4 cabling and equipment in addi-
tion to Division 1 equipment in this area which is not considered. The initi-
ating event (fire induced transient typc) is not known. The scenario for
which the suppression failure probabilities are estimated is also not known.

In conclusion, for these two fire zones in the auxiliary building,
further documentation on the component lavuut and methodological approach is
required.
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Deterministic fire growth modeling is used in the GESSAR II Fire External
Event Analysis to determine the occurrence of secondary fires to initiate and
subsequernitly grow when fire propagation is indicated. The resultant fire
growth times then serve as input to the probabilistic methodology from which
the failure probability of fire suppression is factored into the accident
sequence progression.

Th? specsfic deterministic fire growth model used is the computer code
CoMPBRN(14,15), This code is a synthesis of simplified, quasi-steady unit
models resulting in what is commonly referred to as a zone approach model.

Our general evaluation of t?f ?eterministic models employed in COMPBRN appears
in the Limerick SARA review(13),

The application of this deterministic model in the GESSAR I Fire Exter-
nal Event Analysis is somewhat difficult to review. No COMPBRN calculations
have been performed specific to the GESSAR II plant geometry. Instead; total
reliance for determiniig’c calculation gs placed on COMPBRN computer runs
performed for the Zion\3) and Limerick(4) PRA's. This lack of a self-

contained document complicates the review process.

Notwithstanding, this segment of the overall review consists of two
parts. The first contains some general comments regarding the completeness of
the analysis while the second concerns the application of the calculational
results to the GESSAR II scenario.

General Discussion

A stgnificant portic of the electrical cabling in the GESSAR II plant is
routed through conduit embedded fm concrete as in the Cable Tunnel. Fires can
occur im areas surrounding these conduits and depending on the external heat
load, combustible vapors may be produced inside the conduit due to the pyroly-
sis of the cable insulation. These vapors will not ignite near the heat
source since they are physically separated from the ignition source by the
concrete conduit. However, these combustible vapors cam migrate to adjacent
fire areas through the conduit penetrations. At conduit termination points,
which are Tikely to be within an electrical cabinet, these vapors can ignite
when provided with an igaition source such as a spark from equipment in the
cabinet. This form of inte--area fire propagation has not been considered in
the GESSAR analysis and can lead to investigation of additional scenar.

A somewhat similar concern is the inter-area propagation of smoke. Areas
such as the Control Room and the Zone 1 Corridor, which contains the remote
shutdown panel, have been assumed to remain operational during fires in other
areas. Therefore, consideration should be aiven to the possibility of smoke
propagation to these areas from fires in adjacent areas rendering them inhab-
itable thereby affecting the success probability for achieving safe shutdown.
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There is an inconsistency regarding the consideration of transient com-
} that sionificant oo comne
transient combustibles are present in the Cable Tunnel and Auxiliary Electri-
cal Equipment Room. However, no analysis are included to account for fires
initiating with transients such as an oil pocl fire.

Deterministic Model Application

As noted earlier, the GESSAR II ana]ysii relies heavily on assessment and
calculations contained in the Limerick SARAL%) analysis. However, there ap-
pear to be many inconsistancies between the physical situations analyzed in
the Limerick and GESSAR plants which precludes drawing any meaningful conclu-
sions based upon the identical analyses employed.

For example, in the Control Room and Control Equipment Room, the GESSAR
analysis states “the probability of propagation of the fire beyond the panel
to cables was assessed to be 0.04...". This appears to be taken from a judg- -
mental assessment in the Limerick SARA for the Safegquard Access Area, where
panel fires that propagate beyond the confinement of the panel and ignite ad-
jacent cable raceways prior to suppression are considered. Sirce none of the
reported panel fires propagated in such a manner, an upper bound was assumed
in that one in five reported fires propagates. A further five-fold reduction
in this upper-bound value was assumed to account for the difficulty of igni-
tion of flame-retardant cable insulation.

. ot ® -

In the GESSAR Control Room, where this assessment is applied, the situa-
tion is different since there are usually no exposed cables in the Control
Room. It is not clear if exposed cables are actually present, if the cables
considered are assumed to be internal to an adjacent panel, or if panel-cable
raceway propagation was taken to be a conservative estimate of panel-panel
propagation. The latter case would yield a highly overconservative

probability. SR e e

It is also unclear what rationale was employed for concluding that panel
propagation has an higher p obability than cabinet propagation. The failure
to include the referenced Figure A adds to the uncertainty.

Paper is considered as a transient combustible in the GESSAR control
room. It is stated that COMPBRN calculations from the Limerick SARA indicate
that paper fires are incapable of igniting cable insulation. The calculation
im the Limerick analysis considered 2 pounds of paper, 1 foot in diameter, lo-
cated 10 feet below a cable tray. Again, it is not obvious what the relation-
ship is between this situation and that of a control room paper fire adjacent
to a panel or cabinet. In fact, such a scenario was considered in the Lim-
erick analysis, and is included in Table 2-2 of the GESSAR analysis, in which
this paper fire is found to be capable of damaging the internal components of
a cabinet when within 1 ft. of the cabinet wall. It is unclear why the cable
damage analysis was cited rather than this cabinet analysis.
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cites a COMPBRN calculation from the Limerick PRA which results in a 0.4 fail-
ure probability to suppress a fire in 10 minutes. This 1C-minute growth time
represents the time interval between the fire self-igniting in a cable tray
and spreading to redundant cable trays located at a distance of 5 ft. verti-
cally or 3 ft. horizontally from the initial fire. The failure probability to
suppress is taken from the Limerick PRA suppression model (Fiqure 4-4).

_ Since Table 2-1 of the GESSAR analysis indicates that there is no exposed
cable insulation in the Electric Equipment Room, the relevance of the cable
tray fire growth time calculation to the cabinets and panels actually existing
in the room is unclear. The Limerick SARA review evaluates the models used in
the COMPBRN code and indicates that the 10 minute cable tray fire growth time
is over conservative.

Summarz

Judgmentally, we feel the GESSAR I[ plant to be relatively free from fire
risk. Strict adherence to the criteria and guidelines found in Appendix R to
10 CFR 50 and SRP 9.5.1 are the basis for this qualitative appraisal. Sub-
stantive proof, based upon analysis, is however wanting.

[f the GESSAR II analysis considers barrier failure to have a finite

- probab?Tity as a result of fires being fnitiated within critical areas, then
the analysis should also include barrier failure Trom fires that are initiated
in those non-critical areas which are contiquous to critical areas of concern.

The use of the p-factor should be justified. Considerations where the
initiating event frequencies of fires, within specific areas, are reduced by
. factors either weighed by the amount of combustibles in the area or by their
occupancy, must s*art with a common basts. That is, the actuarial data em-
ployed must also take fuel weight or surface area into consideration before it
is appiied specifically.

Increasing the fire resistance of barriers and walls by composite con-
struction with fire-resistant materials places greater import on penetration
seal effectiveness. This aspect should have been inciuded in the analysis.

Specific fire scenarios discussed within the report do not always corre-
spond to the particular physical situation. Strong emphasis has been placed
upon fire situations analyzed in other plants, and, at times, yieid inconsis-
tencies as to what is damaged and by what fire-induced stress mechanism.

In short, and with the limitations of the state-of-the-art in fire-risk
assessment in mind, we cannot quantitatively appraise the GESSAR II analysis.
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BROOKHAVEN NATIONAL LABORATORY J

MEMORANDUM

DATE : January 25, 1984

TO: R. A, Bari

FROM: I. A. Papazoalou

SUBJECT: GESSAR Internal Flood PRA Review

This memo summarizes the review comments on the GESSAR Internal Flood An-
alysis to date. A brief preliminary review was conducted by BNL to identify
and raise issues, concerns, and questions pertaining to the analysis. It is
important that GF responds to these concerns hefore February 8, 1984 so as to
aliow BNL enouah time to evaluate the GE inputs for inclusion into the final
draft report.

1) In the GESSAR Internal Flood Analysis, two water sources were considered;
they are potential cracking or rupture of pipes, and leakage from seals
and alands. Provide the rationale why internal flood due to maintenance
of equinrent was not considered in the analysis. Explain in more detail
how the effects of draining the suppression pool and/or the condensate
storane tank are evaluated for the various potential flood areas.

2) On p.3-6 of the Internal Flood Analysis, it is stated that the
instrumentation of the drywell floor drain leak detection system is fed
from an uninterruptable power source. Provide additional discussion on
the "uninterruptable” power source and on how the value of 2x10-3 is de-
rived.

3) Industrial data were cited as a bhasis for assuming certain flood
frequencies in di fferent parts of the plant. Indicate the section of the
GESSAR SAR from which the information is derived.
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4) In the event that there is a pine rupture at elevations ahove the bottom
level of the building, water will drain into the hottom level throuagh
stairways and cable trays, etc. Discuss why the cascadina of water from
higher elevation which could result in potential comron cause failure of
systems at lower levels is not considered in the GESSAR analysis.

5) 1In the Internal Flood Analysis, GE evaluated the scenario of floodina in
the diesel qenerator huildina leading to a manual shutdown, ‘'hat is the
impact to core damage for a scenario with the simultaneous occurrence of a
loss of offsite power and a flooding event in one of the diesel generator
buildings.

6) Provide a discussion of the locations of safety system components, instru-
ment panels, and electrical nanels with respect to flood height in the GES-
SAR desian,

[AP/dm




BROOKHAVEN NATIONAL LABORATORY
MEMORANDUM

DATE: January 24, 1984
TO: R, A, BRari
FROM: I. A, Papazoalou

SUBJECT: GESSAR Seismic PRA Review

The purpose of this memo is to summarize the review status of the GESSAR
seismic event PRA to date and to highliaht the major concerns identified
durina the review thus far, This review is based on two documents that were
submitted to the NRC at two different times: GESSAR Il Seismic Event
Analysis, September 1983(1) and GESSAR Il Seismic Event lncertainty
Analysis, December 1993,(2) On the 9h and 10th of January 1984, 3
technical information meetina was held between BNL and GE to discuss
clarifications of the reports and supplement information needed from GE.
Comments presented herein reflect the henefits of that meetina. This memo is
oraanized into two sections. Section 1.0 nresents the summarv of the GESSAR
systems analysis review and was nrepared by BNL. Section 2.0 contains
comments that are relevant to the seismic hazard and the seismic fragility
analyses and was prepared hy Jack A. Benjamin and Associates, a consulting
firm retained by BNL for this study.

1.0 SYSTEM ANALYSIS

In the preliminary review of the systems analysis of the GESSAR seisnmic
event PRA, ANL examined the event tree and fault tree models that were
develooed in the reports to describe the plant responses to an earthquake.
System component and human actions contained in these models were evaluated
with respect to their reasonableness and completeness. Since an earthquake is
a potential cause for disablina redundant trains or systems, attention was
also focused on the treatment of dependent failures hetween svstems, As a
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result of this nreliminary review effort, the followina areas of conern have
heen identified,

Critical Component List

Since the GESSAR II desian is of a aeneric nature, it appears that
previous seismic PRAs would provide a qood startina point to identify a list
of critical comnonents for consideration in addition to those which may be
plant-specific to GESSAR., Review of Table 3-25, n.81, of Reference 1
indicated that only a limited number of components are included in the
analysis. BNL compiled a similar list of critical camponents based on
previous seismic event PRAs and on a review of the internal event PRA system
fault trees. This list is presented in Table 1.1 and it onlv contains
conronents that are not addressed in Table 3-25, A discussion should be
provided in the report to estahlish why these components are excluded from the
analysis.- If they are helieved to have larce capacity factors, a discussion
should he included to explain why the GESSAR components would exhibit such
capacities in liaht of previous analyses and the basis of assurance that the
plant to “e huilt would consist of components that are beinaq characterized in
the GESSAR analvsis.

Instrumentation

Also appearina in Table 1.1 are instrument panels and display
instrumentation, It is obhvious that instrumentation in general is vital to
the operation as well as the safe shutdown of the plant. Failure of
instrument panels could lead to the loss of system function. Similarly,
failure of varinus sensors, such as level, or pressure, dependina on the
failure modes and the numhe~ of failures may also result in loss of system
functions. It is suaaested that additional informatinn he nrovided to address
the failure of instrumentation due to seismic events and its effect upon

system performance.
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Nisplay instrumentation failure is not considered to result directly in
system failures, Oftentimes its principle function is to provide the operator
with confimatory information. In some instances, operator ac*ions as
prescribed hy the nrocedures require information from display instrurmentation.
A detailed discussion should be furnished on the likelihood of common cause
display instrumentation failures due to an earthquake and the potential impact
upon operator actions aiven the occurrence of these failures,

Relav Chatter

The relay chatter phenmenon has not heen included inthe GESSAR analysis.
The effects of relay chatter can be summarized into three different
cateqories. The first case concerns relays that chatter in an earthquake but
do not alter the system state throuanh hreaker trips affer the seisnic avent,
[ts impact upon the availahility of a system is considered to be minimal. The
second case concerns relays that chatter in an earthquake resulting in breaker
trips; however, resets of thgse hreakers are located in the control room and
can be actuated by the operator to restore a system., A successful systen
operation in this case is predicated on the recngnition bv the operator that
the system is tripped of f line and on the manual reset iction of the operator.
Lastly, in the event that relays chatter resulting in breaker isolations,
resetting of relays may have to be done at local panels away from the control
room. Moreover, prior to resetting, careful diaanostic orocedures will have
to be followed to ensure that indeed no faulted conditions exist. For
instance, the in-plant electric circuit will he under this cateaory.

Information should he provided hvy GE to address (1) the effects of relay
chatter upon the availability of the GESSAR systems and (2) the modeling of
subsequent operator action to recover hreaker isolations,

Human Errors

In the two HESSAR reports, it appears that no consideration was qiven to
the modelina of the increased stress on the operator as a result of an earth-
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quake. Subsequent to the onset of a reactor transient or an ATHYS, a number of
operator actions have heen assumed in the RESSAR seismic event trees, a dis-
cussion should be nrovided to justifv why the same human failure probabilities
were used in light of a seismic event,

Event Tree

8HL performed a preliminary review of the GESSAR seismic event trees and
reauests that additional infomation be provided in the follm ing areas in

order to facilitate the review,

1) In the development of the RESSAR seismic event tree, the 3 diesel con-
mon mode failure is modeled exnlicitlv, Figure 4.1.(1) How is the 2
diesel cammon mode failure (divisions 1 and 2) modeled in the an-

alysis?

[t appears that the hardware dependences hetween the LPCI and the PHR

"2
[

svstems are not considered. Provide a discussion on the treatrent of
dependence hetween the low nressure core injection and the 2HR systems
and how it is rodeled in the event tree.

3) In the January meetina with GE, ANL questioned the definition of the
Eng and Egeg functions specifically with respect to their NOT-
event definition. It appears that the NOT-event definitions of these
functions in Figure 4,1 is not consistent with the definitions
provided in Fiqures 4.4 and 4.5.(1) GE should furnish a clar-
ification on these event definitions.

4) 1In the seismic ATWS event tree, Fiaure 4,3,(1) the level control
function by the reactor operator is not included; provide a discussion

to support its omission.

5) As noted in the BNL review of the GESSAR internal event PRA, GF has
assumed that in the event of an inadvertent ADS, Tow nressure ECCS is
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adequate in mitinatina an ATYS if level contrcl is maintained. It ap-
pears that a sinilar assumption is also made in the development of the
ATWUS event tree, Fxplain in detail (i) hy is there no dearadation in
the human reliability to control water level, (ii) the procedure that
the operator has to follow, and {(iii) how much time is available to
perform the task,

Fault Tree

1) In Fiaure 4,12, a 50% value is specified for the failure of the shroud
support and a 5% value is assianed for the hydraulic control unit.
Provide a discussion on how these val .es are usec in the seismic
quantification and the basis for their derivation. If an internal GE
docurent or calculatinn is referenced, a copy is requested for re-

view,

2) In the GESSAR seismic fault trees, it is noted that failures of nurmps
and power divisions are modeled as independent events, that is with no
correlation. For instance, in Fiqure 4,11, failure of RHR purns A and
R are considered to -he independent hasic event. Similarly, the loss
of power divisions | and 2 are also independent. Provide a detailed
discussion to show that in the event of an earthquake, these pumps or
the different power divisions would not be subjected to common cause
failures and that the assumption of independence is adequate and re-
asonable for the GESSAR analysis.

2.0 SEISMIC HAZARD AND FRAGILITY

This section documents the status of our review of the GESSAR Il
probabilistic seismic risk assessment (PRA), Ile have read and studied
References 1 and 2 which document the results of the analysis. 0Nr. John Reed
attended a meeting at the General Electric Company (GE) in San Jose,
California on 9 January 1984, At this meetinag GE discussed the calculations
for this conponent, !le have reviewed these calculations. e also have



Memo to R. A, Bari from I. A. Papazoalou
January 24, 1934
Paae 6

received a copy of questions nrepared hy the !USNRC which have been submi tted

to GE for written response.

This section is organized into aeneral coimunts, seismic hazard analysis
comments, and seismic fraaility analysis comments. The status of our review
and information needed to camplete our work is presented below.

General Comments

Paferences 1 and 2 4o not- provide sufficient information to perfom 3

o

complete review of the GES3AR [T seismic event anaiyses. Because Peferences
and 2 are qeneric and do not anply to a specific site or plant (i.e., as
compared to past PRAs such as the ones conducted for Zion, Indian Point, and
Limerick), the ultimate purpose and intended use of the GE analysis is not
clear. BRased on a oreliminary review, the results do not envelop hazara and
fragility data from PRAs subnitted to the ISNRC to date. Ye request that 5t
state their philosonhy concernina how the seismic PRA analysis will be anplied
to specific plants. The ultimate use of References 1 and 2 should be defined

by GE in order for us to determine if the intended objectives have heen
achieved.

Manv of the questions formally asked hv the IJSNRC express the sane
concerns that we have. 'le have not repeated these questions and assume that
they will be answered in the near future. Ouestion 720.150 is particularly
important, since this question addresses the safety factors for duration,
damping, and inelastic eneragy absorption. It appears to us that the duration
factor is the same as the factor used to shift the hazard curves from peak to
effective around motion. This concern should he addressed by GE in response to

Question 720.150,

Recause the structural capacities are anpparently hiah, the oroblen of
desian and construction errors becomes verv important., In a practical sense
this consideration could dominate the results of the analysis. Since GE has
not qeneral lv included the effects of desian and construction errors in their
analysis, they should state why this issue of electrical components also is
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not addressed. GE should verify that this is not a nroblem for GESSAR IIn
Interqranular stress corrosion crackina has been a prohlem for GE plants in
the past. Is this problem pertinent to RESSAR I! nlants, and what erfect will
this problem have on the seismic capacity of piping? Finally, what are the
capacities of block walls planned for GESSAR Il nlants? Are block walls to he
located near any safety-related equiprent?

Seismic Hazard Analvsis Comments

In the GESSAR [ seismiz PRA 3 hest-estimate seismic hazard curve was
developed for the highest seismicity GESSAR II sites, (n.d of 2ef,1), The
best-estimate curve is considered hy GE to he a realistic, median-centered,
upner-hound seismic hazard curve. Further, GE expects that the RESSAR seismic
hazard curve will hound site-specific curves at a majority nf *the notential
GESSAR sites at the 50 percent nrnbahility level (n.13, 2ef.l). The RESSAR [I
Seismic Event fnalvsis (Ref.1) was followed bv the RESSAR [I Seisnic Event
Uncertainty Analyvsis (Ref,?), which included an evaluation uf the uncertainty
in the seismic hazard. An initial review of these reports has heen parfarnmed.
Comments on these reports are aiven helow.

The best-estimate seismic hazard curve devaloped by GE was based on an
enveloping approach. In developing the hest-estimate envelope hazard curve,
the recults of recent utility-sponsored studies and a U.S. Geoloaical Survey
study that evaluated around shaking hazards for the contiquous U.S. were used.
The envelope curve selected hy GE is considered to be a best-estimate of the
extreme values of the hest-estimate curves at potential GESSAR sites. It
should be noted that the sites which are potential locations for a GESSAR
facility are not clearly defined in either GE report. General Electric
Company should state what sites the seismic PRA analysis is aoplicable to.

In the approach used to develop the hest-estimate hazard curve, the
results of four recent PRA studies were used, They are the Indian Point,
Zion, Oyster Creek, and Limerick PRAs. The actual dearee to which the U. S
Geoloaical Survey study results were used is not explicitly stated in
Reference 1. The hest-estimate GESSAR hazard curve was then subjectively
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taken as the envelope of the hest-estimate curves of the ahove listed four
studies., Further, the RESSAR hazard curve was defined to have an effective
acceleration truncation value of N, 95q, The hasis for the N.%5q acceleration

cutoff is not supported. GE should orovide a hasis for this cutoff value.

There is no evidence provided in the GESSAR reports to supoort the
statement that the GESSAR hest-estimate hazard curve is in fact an
upper-bound, or an upper-hound that will not he exceeded by 80 percent of the
best-estimate curves at potential GFSSAR sites, The arhitrary selection of
the four PRA studies used in the GE studv, and the subiective manner in which
the GESSAR best-estimate hazard curve was selected, raises imnortant questions
about the development process and the full meaning of the results, It is not
clear, in a prohabilistic sense what the GESSAR hest-estirmate curve
represents, nther than an enveiooe of the four hazard curves consicered in the
study.

With respect to the uncertainty analysis for seismic hazard, 3 number of

concerns are raised ahout the rmethodoloay, data base, and ultimately the final
results. In evaluating the uncertainty in the seismic hazard curves, GF
elected not to conduct a study that systematically addresses each of the
sources of uncertainty in hazard assessment. Rather, they used the results of
a published study that polled a aroup of experts on their estimate of the
annual frequency of occurrence of earthquake around mtion levels at various
nuclear power plant sites. The results of the expert opinion survey were the
basis for making uncertainty estimates.

With respect to the survey itself, several aquestions as to its adeauacy
are raised. The experts were given some data on the seismicity in the reaion
surroundinag each plant site and asked to provide estimates of the annual
frequency of exceedance of around shakina at each site., UYithin this fomat,
it is a difficult task for the experts to rationally and consistently provide
probability estimates for rare events. An alternative appronach is to provide
each expert with the onportunity to hreak the nrohlem into more tanqible parts
(i.e., seismic source.. attenuation, etc.) allowina for a more systematic
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evalution, which is less prone to overlookina sianificant sources of
uncertainty and is more easily perceived hv the experts in a onrohahilistic
sense.,

The study used in the GE analysis was oublished in Fehruary 1775, and
undoubtedly performed in 1974, In the last ten years, consideranle work has
been done.in the area of seismic nazard assessrent, includina solicitation of
expert opinion, aeolonic and scientific investination, etc. Consequently, the
use of the 1975 Okrent study as a basis for uncertainty estimates is seriously
questioned, It should also he pointed out tnat the number of experts used in
the study (7) was relatively small, Also, the dearee to wnich those who
participated in the survey can bhe considered probhabilistic seismic hazard
experts for the entire /1,S. is questioned,

‘Je helieve that each of the individuals who participated in the survey is
a recoanized expert in one or possihly more areas of seismic hazard
evaluation. However, none of .he experts can “e considered, nor would they
claim, to he experts in all the areas reauired to make nrobabilistic hazard
evaluations. These areas include, nrobability, statistics, seismoloay,
aeoloay, around notion attenuation, !ocal and reqional tectonics of each site
being investigated, etc. The extensive range of expertise required to make
probabilistic seismic hazard assessments is one of the primary reasons for
breaking the hazard assessment into intearal parts, allowing tne experts to
deal with each part of the analysis individually.

The results of the expert opinion survey were used as a basis to estimate
the coefficient of variation of the annual frequency of exceedance of levels
of qround shakina. A preliminary review indicates that the results (Table
2-3, Ref,2) for accelerations less than 0,50q are reasonable in that tae
uncertainty estimates are consistent with respect to previous site-specific
studies and expert opinion survevs. However, at higher acceleration valuas,
which is the region that dominates core melt frequency estimates, the un-
certainty values are tno small. This also partially explains the reason for
the relatively narrow distribution on seismic core melt freauency (Fiqure 3.2,
Ref.2).
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The following list summarizes nur initial concerns with ranard to the GES-
SAR seismic hazard analysis. !le request that 0F respond to these concerns.

. The potential GESSAR sites are not identified in References 1 and 2,

. The methodoloay used to determine a best-estimate hazard curve is
probahly not adequate to reet NE's ohjective to nroduce an upner-bound,
best-estimate hazard curve for potential RESSAR sites.

. No evidence is provided to support the statement that the G(ZISSAR best-
estimate hazard curve is expected to hound more than 20 percent of the
best-estimate curves for npotential NRESSAR sites.

. The basis for the N.95a acceleration truncation value for the hazard
curves is not orovided.

. The 1975 studv hy Okrent does not apoear to adequately orovide a basis
for the seisnic hazard uncertainty estimates, A nurmber of concerns re-
lated to the expert opinion survey were raised above.

. The uncertainty estimates at affective acceleration levels areater than
N.50a appear to be low.

Seismic Fraaility Analysis Comments

The hasis for the fraqility analysis is past PRA studies and data which GE
has obtained. The information documentec in References 1 and 2 is not
sufficient to perform a critical review of the RESSAR Il seismic fragility an-
alysis. Median capacities are apparently hased on generic calculations using
the sare hasic procedures used in past PRAs submitted to the USNRC (i.,e., the
so called Zion method). 'e are not able to judae the adequacy of the median
values without studyina the calculations performed hy GE. The variabilities
used in the analysis were based entirely on resuits from past studies, and
specific values for structures, components, and equiprment were not developed
by GE. The followina comments and concerns are hased on review of References
1 and 2 and the calculations for pipina which were provided.
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December 2, 1983

U.S. Nuclear Regulatory Commission
Office of Nuclear Reactor Regulation
Washington, D.C. 20555

Attention: Mr. D.G. Eisenhut
Division of Licensing

SUBJECT: IN THE MATT 0 38 NUCLEAR ISLAND
GENERAL EL STANDAR AFETY ANALYSIS REPORT (GESSAR II
DOCKET NO. STN 50-447

APPENDIX 1 - STATION BLACKOUT CAPABILITY

Attached please find a draft of new GESSAR II Appendix 15E pertaining to
station blackout capability. This appendix concludes that the GESSAR II
station blackout capability exceeds ten (10) hours. The assessed capability
assumes credit for operator actions that are straightforward and where means
exists to enable.the operator to execute the action. Where features and/or
equipment are not present, potential design improvements are recommended.

[t is anticipated that upon completion of NRC review a formal amendment on
the GESSAR II docket will be submitted. This is anticipated to occur in
early 1984.

[f there are any
J.F. Quirk at
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Nuclear Safety & Licens?ky'Oseratfon
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.M. Ketchel (GE-Washington Liaison QOffice
Gifford (GE- Bethesda Liaison Office)
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15E.1 INTRODUCTION AND CONCLUSIONS

15€.1.1 Introduction

This appendix is provided to demonstrate that the GESSAR II design has

substantial capability to prevent a core damaging event well beyond the
two-hour value recommended by NUREG-0626 and assumed in the Probabilistic Ris}
Assessment (Section 15D.3).

Attachment A contains responses to pertinent questions on station blackout

of interest to the staff. These are addressed in more detail in other parts
of this appendix.

19€.1.2 Lonclusions

The GESSAR II station blackout capability exceeds ten (10) hours. The

assessed capability assumes credit for operator actions that are straight-

forward and where means exist to enable the operator to execute the action.
Where features and/or equipment are not present, potential design improvements
are recommended. These operator actions and potential design improvements
are summarized below:
1. Operator Actions
a. Manual RPV Water Level Control with RCIC.
b. Shift of RCIC pump suction to the condensate storage tank.
Vessel depressurization with SRVs to about 200 psig. Maintain
vessel pressure above 150 psig with manual SRV control.
Potential Design Improvements
a. Provide manual logic override of the RCIC suction transfer

signal and test line closure signal from the control room.




b. .Provide Enhanced Water Level Instrumentation (currently under
review for Appendix 1D).
€. Provide alternate power supply to RCIC gland compressor.
An ongoing evaluation of the 125 VDC battery capability is in progress.
However, if necessary to ensure 10-hour capability, emergency DC bus cross

ties, or larger battery capacity, or other methods will be identified.

In addition to the above actions, the following contingency actions could be
taken to provide even longer duration capability are:

1. Provide override capability for the RCIC room high temperature
isolation logic to be used if room temperature exceeds about
150°F.

2. Extend SRV pheumatic supply by replacing air bottles if depleted.
A connection outside the fuel building would be more convenient.

15€.2 DEFINITION OF STATION BLACKOUT

Station blackout refers to the total loss of both off-site and on-site a.c.
electrical power. In draft information pertaining to proposed Regulatory
Guides, the NRC consulta..ts refer to "Emergency AC" loss in addition to
offsite power loss. This could be interpreted as the Division 1 and 2 Standby
Emergency Diesel Generators. Both HPCS and RCIC operate at high pressure

and can be considered redundant water sources avaiiable for maintaining core
cooling during design basis assumptions that assume a single failure (i.e.,
such as a D-G). This configuration ic believed to be adequate to comply

with the proposed regulatory requirements. For purposes of this assessment,

o~



however, a failure of the HPCS diesel generator has been assumed in addition
to loss of offsite power and the division 1 and 2 diesel generators thus

providing a more severe impact on plant systems and the station battery.

A one-line diagram of the GESSAR II design is shown in Figure 8.3-1. Three
divisions of 6.9 kv on-site power are provided; two by standby emergency
diesel geﬁerators (in addition to preferred and alternate off-site power
sources); the third by an off-site power source and a separate and diverse
diesel generator dedicated to division 3 eletrfca1 power. Division 3 supports
the High Pressure Core Spray (HPCS) system and all of its supporting

auxiliaries.

The GESSAR II design also includes a steam turbine driven Reactor Core Isolation
Cooling System (RCIC) which operates in ai emergency independently of a.c.
electrical power. This system is designed to provide high pressure makeup

to the RPV during isolation events and would thus be initiated automatically
during a postulated blackout event. The plant response with RCIC alone has

been reviewed, and the duration capability of the GESSAR II plant in excess

of ten hours has been verified. This configuration is consistent with the

station blackout lefinition in the Probabilistic Risk Assessment (Section 15D.3).

In the evaluation certain assumptions have been made:
0 No Loss of Coolant Accident (LOCA), stuck open relief valve (SRV)

or failure to scram concurrent with the station blackout is considered.

b



In evaluation of equipment, some capability beyond environmental
qualification 1imits has been assumed. In assessing the ultimate
failure capability of equipment the judgement of senior General
Electric engineering personnel has been relied upon to provide
guidance. Such judgements are explicitly call out in the following
sections.

Operator actions are identified where adequate time and skills
would be expected to be available to a typical operating plant
staff. No extra-ordinary actions on the part of the operator are
assumed; rather, l;;:%%aightforward, simple actions are allowed.
No credit for off-site assistance from a ut111fy maintenance crew
using portable electric generators or batteries has been assumed
for this assessment even though this possibility may exist within
the time frame of interest. Such capability might be considered

by an applicant to improve the restoration time for on-site emergency

a.c. power if the situation warranted.



ISE.3 INDI\CATOW OFR §STATWN B-ACOUT

The station blackout event is characterized by a loss of all off-site
power (preferred and alternate feeders) and a loes of divisions 1, 2
and 3 of on-site a.c. power. As noted in Section 1D.2.3.33 of the
assessment against Requlatory Guide 1.97, the class 1E power distribu-
tion system monitcrs voltage on the three 6.9 kv a.c. buses and the
four 125 V d.c. buse . This indication is displayed on panel P800 in
the main control roam. A potential station blackout event would be
first noticed by the plant operators by a change in the control rocm
lighting which would alert him to evaluate both the plant and the
electrical distribution system status. By observation of the loss cof
bus voltage on the 6.9 kv buses "E", "F" and "G" and the breaker
position for incoming voltage to these buses, the operator would be
alerted to the presence of a potential hlackout event. Voltage
indicztion on the d.c., buses E, F, G & H would assure the operator that
power is available to control the event.

Prior to conducting the various operatoar actions needed to mitigate a
blackout event, the operator must distinguish between a short duration
event and a prolonged hlackout, A short duration event would be one in
which restaration of an off-site or om-site a.c. power source would
occur prior to Melopnnt.d conditions requiring the operatoar actions



defined later in this supplement, Minimizing the time to recognize this
event is important so that the potential drain on the hatteries is
controlled. '

Upon recognition of the a.c. power source failure, an auxiliary operator
would be sent to each of the diesel cenerator roams to attempt a manual
start. Simcltanecusly, the ontrol roam operator should attempt to
start each diesel fram the main control roam. In addition, the system
dispatcher would be contacted by the shift supervisor to determine the
status and likelihood of off-site power restoration. Accomplishment of
these activities in addition to those related to controlling vessel
water level and pressure is expected to take about 30 minutes.

Thus recognition of a station hlackout event and the initiation of any
blackout specific operator actions is expected to be delayed for about
30 minutes.

\SE. 4 TNSTRUMESNTAT\ON RSAM FEMSNTS

Instrumentation required to monitor plant status during a blackout event
has been selected fram a review of the type A through E variables
discussed i.nAA ""A 'l‘x‘z which is the response to Reg Guide 1.97 require-
ments. This list has been augmented slightly to account for specific
variables such a roam temperatures and certain valve and breaker

position indications which are needed to determine plant conditions.



ISE -1
Table .Alits the variables considered and whether or not they are

needed for the hlackout sequence. The basis for selection generally is
based on the need for the operator to follow Emergency Procedure Guide-
lines (or take other actions which may later be estahlished) during the
period of interest. As such. type A variables are identified as need-
ing indication during the hblackout event while variables which are more
representative of monitaring core damage or breaks of the reactor

*
coolant boundary or effluent release are excluded. WIS

R O N U 1 G T A PR T T .

|1S6-2 pe :
Table ﬂ,phows the power supplies in the GL-SSARAdgsiga for the

instruments needed. All indications needed to follow the bhlackout event
are or will be powered fram 125V d.c. sources.

could back up
The amlicant,\— provide d.c.,\:nhed power to the condensate
storage tank level indicatar and to ensure local control room tempera-
ture indication as availahle,

— v ——
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| SE.S pLANT RESPONIS FOLLOWING A STATION BLACKOUT

The key plant areas which could potentially effect the ability of the
plant design to accommodate a station blackout are:

0 RCIC room
0 Remote shutdown panel area

0 Suppression pool and contaimment
0 Drywell

o Control roam

o Fuel pool

In addition non-electrical a.c. plant enerqy supplies will be consumed
and need to be addressed to assess the plant capability. These are:

o Preumatic Air Supply 3System (ADS)
o D,C. Power Distribution System

These areas and enerqgy supplies will be discussed in subsequent su\o-

1A "VQM%+S

sections. An estimate of limiting condition, design or operatcr

actions needed are noted in each.




tsé -S«l Areas

1s.E.S-1. |
oheean \ RCIC Room

@. Reason for Concern

© Room temperature increase without area cooling could cause a loss of
RCIC control due to equipment failure,

© Isolation and tu:bd.xs trip due to leak detection system trip. (Trip
setpoint approx. 170°F) could prevent RCIC fram operating .
: valves bemwes
0 Steam line &un'\nly fail after air supply,exhausted causing system
damage on restart,

b. Rlant Response

o Approx. 1220F in 12 hours (w/CST suction)

0 Approx. 133 F in 12 hours (w/SP suction) ] See Attachment B

o Approx. 101°F in 12 hours (w/10 lb/hr steam)

Qritical Components Limitation
Differential Coil Approx, 170% water temp. -
Magnetic Speed Sensor 225 _ ility ‘
Instrumentation 212 >12 hrs |

J

C. Assumed Qperator Actions
0 Manual switch of RCIC suction to CST at about 30 min.

© Owverride RCIC high temp isolation if roam temp > approx. 150% (not
expected)

© Manual R level control of RCIC to avoid L8 trip and restart.

© Ensure override capability exists for RCIC roam isolation signal.
0 Ensure override capability for RCIC suction transfer.
0 Provide logic changes to permit low flow RCIC injection. Requires

override capability on test line to CST to obtain flow split between
CST return and vessel.



ISE.S.1.2
Asee: , Remote Shutdown Panel Area

0 RCIC electronics onuld fail if area temperature exceeds 150°P.

0 Access needed if control roam uncomfortable or electronics erratic,

b. Plant Response

0 Not evaluated, but very little heat m:aj/ime Remote Shutdown
Station pmlﬁurgized until control tranBfer switch is thrown.
\

0 Expect area temperature to remain
<150°F for 20 hours

Capability >20 hrs

<. Assumed Operator Actions
None.

" d. potential Modifications/Actions

None.,

Y 7
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Q.- Reasaon for Concern

© Hidgh suppression pool temperature could cause NPSH limits (approx.
175 and reduced lube oil coolina, +o RC JIC.

J
© High suppression pool level causes suction transfe:-.
© BHigh contairment air temperature may cause erratic RV indication.

© BHigh suppression pool temperature and level increases containment

loads
b. Plant Response
Lime '?Q :E L Notes: Tc based on Tsp + judgment
(hrs) ("F) ("P) (£t) T__. based on Table 15D.2-2
pmculat.ion

1 135 100 +2 |

| 190 175 +5 %Qplbi.lity >10 hours. |
10 220 220 @ weir |
15 225 225 @ weir
20 230 40 € weir

Instruments qualified to 185°F; capability likely to 250°F.

C. Assumed Qperator Actions

© Manual switchover back to CST within 1 hr. eliminates potential NPSH
problem,

© Maintain vessel pressure below heat capacity temperature limit per EPGs
=~ ensure written procedures contain heat capacity temperature limit
curve (ENENEENENNSPNNNNNNE - 2y need to exceed heat capacity
temperature limit slightly after approx. 6 hrs, but acceptable because
no additional depressurization reguired. Consistent with EPGs.

JEI tial Modifi " /Act
0 Ensure manual override capability for RCIC suction transfer

oy B
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\SEA.l OC RsLiAB\L\TY
Question: The NRC Staff has issued a report (NUREG-0666) on the
reliability of d.c. power system in which a 2-train d.c. system found to
meet minimum NRC requirements was evaluated. As a result, the d.c. power
system was identified as a potentially high contributor to core melt.
The applicant could be asked what his assessment of his d.c. system is

and what consideration he has given to the recommendations of NUREG-0666.

Response: We do not favor the use of such a minimm system as
considered in NUREG-0666¢

For example, it has a single bus tie breaker with too much potential for
The Gigs AR T ,
common cause failure. Outr\ongma.lf\ ign allowed d.c. cross-connection

capability with dual cross-tie breakers and double key interlocks. GE
Qaﬂtd -2 \q_+e + d.C. Cross-Cowne ¢+\c~,-.

+ Ssp e A

4hat +hs ca alovl ¥ Adoa s noYT condibute
+o 3. - A 53‘3-’*‘5\'\#\ u\w—é\\a\o\\\*—/) .

The following is provided in response to the recommendations in

NUREG~-0666 :

Prohibits certain design and operatiomal features of the d.c.
power system such as use of a tie breaker which could compromise
divisional independence. As noted above, GESAR:;:Ccmphes although
we believe cross-connection capability is appropriate for specific

conditions during shutdown and occurrences which reguire last

resort flexibility (such as station blackout). ,IF%.-\F:,I\In-as four

=3 B




safety-related batteries, each of which has two chargers so that charger
maintenance does not require use of cross-connections nor cause draw-

down on the battery.

Addresses testing and maintenance activities. These are accom-

plished by the applicant. We agree with these recommenda-

I
tions, and the GE'SSAR,\design allows their implementation.

Requires staggered test and maintenance activities to minimize the
potential for human error related common cause failure, This is
controlled in the field, but we agree that these actions are

appropriate.

Requires design and operational features to be adequate to maintain
reactét core cooling in the hot standby condition following the
loss of any one d.c. power bus and a single independent failure of
any other system required for shutdown cooling. Although we
cannot disagree with the intent of this recommendation, a judgment
as to what features are needed should be tempered with an assess-
ment of the reliability of the d.c. power loads and sources. e
have concentrated on maintaining full separation and independence
between division 1 and division 2 d.c. systems to provide this
reliability. M

assssvoisssssesten With four independent d.c. systems and with

three inde ndent a.c. sys\g&é’:&ﬁ&‘ki&mn °w§apab lit
" v RlL 4+ho NURS « O 666 vaCovmmmon q%o\.

For example, a~“potentially adverse capability loss would follo.

fram the loss of both RHR systems, but the suppression pool can




store decay heat for several hours, during which it may be

possible to recover active decay heat removal.

\SBA. 2 Grid Reliability
Cuestion: What is the applicant's assessment of grid reliability and
what procedures exist for restoring offsite power to the plant in the
event of this loss.

Besponse: The grid is tne responsibility of the applicant, and we
assume he will meet the NRC requirements in this area. On loss of normal
preferred offsite power, there is autamatic transfer to the alternate
offsite power source and, if necessary, to the onsite diesel generators.
Restoring preferred power is accomplished monually by the control roam
operator. The specific procedures for restoration of power in the
switchyard or transmission systems would be developed by the applicant.

Station Blackout Analvsis
Question: What are the results of the applicant's station blackout
analyses? Has the applicant made a best-estimate analysis of the
accident sequence and evaluated what might be done to improve the plant,
or has a conservative analysis been made with a core melt assumed after
same specified degradation of the battery?

Tha cva\uo\'th NsPMJJ +o ‘g.‘\'\,\ v...s#ww T

Response: A SRR, Our best-estimate analysis to the extent

that it is complete s the primary subject of this supplement. We
have identified potential system design and procedural improvements, and we

will m.;\Cmm“ Heg v uion concurrance Ao +the NRC +hat +L‘;
sa“'\scac‘k‘ow 3 e s 0‘\04 "‘ka. \ JJwCI .

=30~



.  Our protabilistic risk
assessment considered station blackout capability in a conservative
manner (core cooling lost in two hours due to battery depletion and loss
of RCIC control). We believe the more realistic trcatment considering

automatic and manual d.c. load shedding shows a substantially longer

capability.

ISEA. 3 Diesel Generators
Question: What is the applicant's assessment of his diesel generator

system? To what extent has LER and operating experiences been usad to

improve the design?

Response: Our HPCS diesel generator has undergone extensive testing
(including 300 tests without failure) which has btm documented for the
NRC., From this testing and from field experience we have high conf idence
in the design. Extensive review of the design specifiation, the
installation design and the auxiliary system design for the larger diesel

) Semns*‘nk-‘ : ; i
generators (division 1 and 2) high availability from

these units.

\SEA. 4 Low Powor Testing/Simulated Loss of Offsite Power
Question: Has the applicant performed low power testing and a simulated
loss of offsite power test? If so, what are the results and what has the

applicant learned?

e A T NG VAR S S RS ISTRS CTE MITI RN,
This s +Lc HSPOV‘J\\\'.H of +ha AP?\\Q““*.
R ETATIA R DO, ST
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oA Doywell

Q- Reason for Concern
© High drywell temperature could cause RFV level instrument reference lag

boiloff,
0 High drywell temperature might exceed qualification levels for drywell
equipment.,
© Hign drywell temperature could cause SRV solenoid failure.
b. Plant Response
Approx. 135°F during plant operation .
<270°F priar to depressurization at 30 min. f Capability:

| unlimited
<200°F after depressurization to 200 psi f

Drywell equipment qualified for >300°F
S Assumed Operator Actions
O Depressurization to approx. 200 psi to limit drywell heatup.

© Maintain pressure >118 psi to avoid reference leq flooding.
© Maintain RW water level approx. + 20* on Enhanced Level Instrument.

d. Recomended Modifications/aActions

© Enhanced water level instrument (ELI) compensates for drywell and
containmert temperature effects, (Previously recommended. See GEBSAR AP?O—.J\ :
1D.)



\sE&.5.1.8
mﬂ_mm
4. Reason for Concern

9 High control roam temperature could cause computer,/microprocessor
controls to fail.

0 High temperature could mke the control roam uninhabitahble.,
b. Plant Response

© PGCC floar sectign heat sinks expected to prevent | Capability:
heatup above 10583. 1 mﬁ:uted.

|

© Humidity could become uncamfortable but not ‘

uninhabitable., o
Microprocessors (ELI, ERIS, etc,) unreliahle above approx. 105 F

but backup information is available at Remote Shutdown Station (RSS).

C. Assumad Qperator Actions

O Transfer control to remote shutdown station (RSS) if control roam
becomes uninhabitable. (not expected)

d. Potential Modifications/Actions
None,

- -



IS6.5.1.6

W,\w . s o
@. Reason for Concern

' o Loes of fuel pool cooling could cause fuel pool to boil away.
b. Rlant Responss

O Approx. 14 hrs to boiling Basis: Judgment
probably longer with
© Approx. 77 hrs to fuel uncovery less hot fuel

|
iicnp-miey >75 hrs.

R

C. Assumed Operaicr Actions

None, but SRV air bottle replacement (see pneumatic supply) could be
hanpered by fuel building environment after approx. 14 hrs.

d  Potential Modifications/Actions

Consideration of moving extra air bottles to corridor outside fuel
building, Not rejuired for station hlackout.

-6 -



ISg.S. 2.1

€« Rery-SupRly A Poeumatic Supply
Q- Major Sources of Consumption
o ADS/SRV
0 Drywell and containment vacuum breakers
b. Estimated Duration (5000 CF available)
SRV Depressurization approx. 50 actuations @ 8 CF/actuation = 400 CP
Ongoing SRV use approx. lz.lgnu?ﬁ.m x ﬁ%:nin. x 8 CP = 240 CFH
Leakage @ 1 CFH/valve x 8 valves = 8 CFH
DW Vacuum Breakers approx. ‘.}ﬁ © lffxzva- i CH
apgrox. 250 CFH
080 =400 . 19 hr. Capacity »18 hrs

C. Qperator Actions to Extend Duration

© Air bottle replacement after depletion possible if necessary (not
expected).

0 Rotate use of ADS/SRV valves to permit time for accumulators to
recharge and give preference to Division 2 ADS/SRV values.

0 Monitar SRV position indication to indicate need for switch to other
values (valves close when air supply lost).

d. Rotential Modifications
None

.-l‘,-.



ISE.5.2.7
c-Ererey-Supply A 125 VC - Bus E
Q. major Sources of Consumptiop
See Table 8.3-6
b. Estimated Duration (1950 amp hours (AH), 2 hr)

RCIC Gland Conpressor Modification ]
(see below) delete 58A Capapility |

Shed load approx 35A (se2> below) > = hrs.

Steady state load approx. 251-58-35 = 158A
C. Qperator Actions to Extend Duration
0 Shad the following loads (at approx. 30 min.)

- NMS panel H13-P569 (NSPS) ~ 25A fram NSPS inverter
- Emergency lighting (fuel building) - 10A

d. Potential Modifications
0 Power RCIC gland compressor fram an alternate source.

0 Delete 125 VDC emergency lighting system except for control building or
move to Bus J.

0 Provide Emergency crosstie capability with dual crosstie breakers and
double key interlocks if needed for longer duration.*

© Provide larger capacity battery if needed for longer duration®*,

*The capability of this battery with load shedding is being evaluated. If
the estimated duration is less than about 10 hours, the addition of
crossties or expanded battery size will be reviewed co detemmine the

optimum configuration for achieving a 10-hour capability.



a .

- Estimated Duration (1500AH, 2hr)

IS&.5.2.3

m,‘_mm-m

Major Sources of Consumption
See Table 8.3~7

Shed Loads approx. 40A (see below) iCa;:lhi.J.ity

Steady State Load = 175 =40 = 135A t_'_, hrs.
Qperator Actions to Extend Duration

Shed the following loads at approx. 30 min,

- NMS panel H13-P670 (NSPS) -25A
- Emergency lighting -15A

d . Potential Modifications

© Delete 125 VDC emergency lighting in auxiliary building
0 DProvide larger capacity battery if needed for longer duration.”

*The capability of this battery with load Mg is being evaluated.
the estimated duration is less than about & hours, the addition of
croesties or expanded battery size will be reviewed to determine the
optimum configuration for achieving a 10-hour capability.

-9 -
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1S6.5.2. 4
Snesqi-Supely 125 VIC Bus G

Major Sources of Consumption
See Tahble 8.3-8
Estimated Duration (400 AH, 6 hr) — —

Shed Loads = 25A (see below) | Capability |
SS load = 78 -25 = 53A t *_ hrs,

|
Qperator Actions to Extend Duration
Shed the fcllowing load at approx. 30 min,

NMS panel H13-P671 (NSPS) -25A
Rotential Modifications
Larger capacity battery if needed for longer dn:at.ion.'

*The capability of this battery with lcad is being evaluated, If
the estimated duration is less than hours, the addition of
crossties or expanded battery size will be reviewed to determine the
optimum configuration for achieving a 10-hour capability.



ISe.s.2.8
.—-m,\_numm
Major Sources of Consumprion
See Table 8.3-9
Estimated Duration (425 AH, 2 hr)

Load Shed = 25A c;p.mn:‘vm.l'l

SS Load = 100 =25 = 75A  JO

Ooerator Actiors to Extend Duration :

Shed the foilowing load at approx. 30 min,
Shed NMS Panel H13-P672 (NSPS) -25A

Potential Modifications
None

10

*The capability of this battery with load i is being evaluated. If
the estimated duration is less than about @/hours, the addition of
crossties or expanded battery size will be reviewed *0 determine the
optimm configuration for achieving a 10~hour capability.



TABLE #ag | S E~|
VARIABLES ASSESSED FCR STATION BLACKOUT ASSESSMENT

RG 1.97 RG 1.97 Discussion Needed in Black-

Yariadle Iype  Category  Subsection  out Sequence?

Reactivity Control

Neutron Flux A,B 1l 1D.2.3.1 No*
(value, rate, trend)

Control Rod Position B 3 1D.2.3.2 No*

Boron Concentration B 3 1D.2.3.3 No
(sample)

Core Cooling

Coolant Level in the AB,C 1l 1D.2.3.4 Yes
Reactor
(value, trend)

Maintaining Reactar Coolant

System Integrity

RCS Pressure AB,C 1 1D,2.3.5 Yes
(value + alarm)

Drywell Sump Level B,C 3 1D.2.3.6 No
(value + alamm)

Drywell Pressure B,C,D 1,2 1D.2.3.7 No

Primary Contairment E 1 1D.2.3.8 No
Area Radiation C 3

Suppression Pool A.C,D 1.2 1D.2.3.9 Yes
Water Level

Maintaining Contairment

Integrity

Primary Contairment . B 1 1D.2.3.10 Yes**

Isolation Valve Position
(Excluding Check Valves)

Primary Containment A 1 1D.2.3.11 Yes
Temperature

*AIWS plus blackout is not considered in this study. Pailure to scram can be inferred fram
abnormal water level and pressure response.

**Plus RCIC minimum flow.



TABLE &F |ISE ~|
VARIABLES ASSESSED FOR STATION BLACKCUT ASSESSMENT (Cownhnuad)

RG 1.97 RG 1.97 Discussion Needed in Black-
Variable e Qategory Subsection out Sequence?

Maintaining Containment

Integrity (Continued

Primary Containment AB,C 1l 1D.2.3.12 Yes
Pressure

(value, rate, trend,
+ alam)

Drywell/Contairment AC 1 1D.2.3.13 No

Bydrogen Concentration
(value)

Secondary Containment C,E - 5l 1D.2.3.14 No
Area Radiation
(value)

Contairment C,E 2 1D.2.3.15 No
Noble Gas Effluent

Primary Containment C 3 1D.2.3.16 No
Noble Gas Effluent

Suppression Pool A,D 1,2 1D.2.3.17 Yes
Temperature

Drywell Air Temperature A,D R ¥ 1D,2.3.18 . Yes

Fuel Cladding Barrier
Moni .

Cooclant Radiation NA NA 1D.2.3.19 -
(value + alamm)

Coolant Gamma C 3 1D,2.3.20 No

(1 sample/6 hours)
results within 72 hr

System Operation

Main Steam Line Isolation D 2 1D.2.3.21 No
Valve Leakage Control
System Pressure

Contairment Spray Flow D 2 10.2.3.22 No

P Sy



TABLE ¢s3 |SE~|

VARIABLES ASSESSED FOR STATION BLACKOUT ASSESSMENT ( Cowh wwall)

System Operation
{Continued)

Residual Beat Removal
(RHR) System Flow

RHR Service Water Flow

Low Pressure Coolant
Injection System Flow
Reactar Core Isolation
Cooling System Flow
RCIC Room Temp.
Control Room Temp.

High Pressure Coolant
Spray System Flow

Core Spray System Flouw

Standby Liquid Control
System (SLCS) Flow

SLCS Storage Tank Level

SRV Position

Feedwater Flow

CST Level

ESF Cooling Water Flow

ESF Cooling Water Temperature
High Radicactivity Tank Level
Emergency Vent Damper Position
Standby Enerqy Status

*Including breaker position.

RG 1.97 KRG 1.97
ype . Qategory
D 2
D 2
D 2
D 2
D 2
D 2
2
D 3
D 2
D 3
D 3
D 2
D 2
D 3
D 2
D 2

el e

Discussion Needed in Black-

Subsection

1D.2.3.22

1D.2.3.23
1D.2.3.22

1D.2.3.24

1D.2.3.24

1D.2.3.24
1D.2.3.25

1D.2.3.26
1D.2.3.27
1D.2.3.28
1D.2.3.29
1D.2.3.30
1D.2.3.30
1D.2.3.31
1D.2.3.32
1D.2.3.33

out Sequence?

Yes

Yes

&

Yes

Yes*



TABLE 4= (S € - |
 VARIABLES ASSESSED FOR STATION BLACKOUT ASSESSMENT ( Cowtnue o)

RG 1.97 G 1.97 Discussion Needed in Black-

Yariable Tvpe  GCategory Subsection  out Sequence?
Effluent Monitoring
SGTS Ventilation Flow Rate E 2 1D.2.3.34 No
Other Ventilation Flow Rates E 3 1D,2.3.34 No
Particulate/Halogen E 3 1D,2.3.35 No
Release (sample)
Environs Radiocactivity E 3 1D.2.3.36 No
Monitaring
Metecr oloqgy E 3 1D.2.3.37 No
M‘mm mm ! 3 m.2.3.33 m
(sample)



FOWER SUPPLIES TO INSTRUMENTS NEEDED FOR A BLACKOUT

—dariable

RW Level

RW Pressure

Suppression Pool Water Level

Pri. Contaimment Isol. Valve
Position

Pri. Contaimment Temperature
Pri. Contaimment Pressure
Suppression Pool Temperature
Drywell Air Temperature
RCIC Flow

RCIC Room Temperature
Control Roam Temperature
SRV Pos.tion

CST Level

Emergency Vent Damper Position

swmyanzgsummkvg
Air

TABLE =3 |SE-2

Control Room
Indicator

B21 R623A
R623B

B8 B8

1

a5 85
i

125 voC

125 voc
125 vpC

125 voC
RPS

125 vpC

By applicant
125 voC

Source
125 voC

Yes

Yes
Yes

Yes

Yes

Yes

< <
i 8§ 8 ¢

Yes

Yes

Yes

Yes

Yes
Yes

b



1.

2.

3.

4.

Notes £o Table #=2~ |S &~ 7

Enhanced Water Level Instrument to be powered fram d.c. power,

D.C. power to be provided by applicant,

Power Supply fraom 125V d.c. to Reactor Island Logic Panels P88l or
peg2.

Exhaust air measucement may be unreliable, Local thermameter to be
supplied by applicant,

-l
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RCIC ROOM NEBATUP DURING A STAaT\on BLACK OVT

ISEB8.! PURPOSE

'ﬂ‘gkmcn_"
The purpose of aumf\u to document the results of analysis performed by
Contaimment and Radiological Engineering on Reactor Core Isolation Cooling System
(RCIC) room temperatare response during & siation blackout for W GESSAR eewwsews 1T .
obdmet. The results indicate that s station blackout imposes mo threat to the
operation of RCIC with the RCIC room temperature reaching 122°F 12 hours imto the
transient, well below the poimt above which RCIC performance would be degraded.
Sensitivity results for some of the most important parmmeters are also givesn,

\sla.ﬁ

A
A station blackout results im loss of all A.C. power (both offsite and onsite
sources), imitiating reactor isolation snd scrmm. For this analysis all three diesel
gensrators of a BYR plant are assumed inoperative, i.e., no Emergency Core Cooling
System (ECCS) pumps are available: this letves the battesy operated RCIC as the only
System available for core cooling. Thus, it is essential that the RCIC remains

operstional. An important requirement for the proper functioning of the RCIC is that
the RCIC room temperature be maintained below the equipment operational limit.

The loss of all A.C. power also means the loss of lighting, suxiliary equipment
operation, ares HVAC and drywell fanm coolers, resulting in & drywell hestsp, At some
point reactor depressurization will be initiated to reduce the heat iaput to the
drywell, although the resctor is assumed to be depressurized only to the point
sufficiently above the RCIC shutoff Prossure 30 that operation of the RCIC can be
maintained,

RCIC initially drews water from the Condensate Storage Tank (CST). However, an
Automatic switchover to the suppression pool as the water



source would occur if the CST water level drops too low or the suppression pool water
_evel rises above & certain poist. Simce the suppression pool heats up as & result
»f SRY discharges and subsegquent reactor depressurization, aad since the design
iemperature for the RCIC pump is 140°F, a mensal switch back to the CST from the
juppression pool as the RCIU water source is required when the pool temperatare
ipproaches 140°F, Since the time period vhen the RCIC takes suction from the
iuppression pool is relatively short (about 30 minutes) compared to the tramsient
seriod of iamterest (up to 20 bours), the impact om RCIC room temperature ia assuming
:hat RCIC draws all water from the CST is iasignificant.

€8.3

MODELING AND ASSUMPTIONS

To model the RCIC room temperature response, thermodymamic properties of stesm and
sir in the room are evaluated based on mass and energy balances. Heat sources and
seat sinks were considered, Inm sddition, some steam has lesked into the room through
thy RCIC turbine gland seal. The room is comservatively assumed to be isolated from

the adjacent rooms,
Heat Sources - The following heat sources are modeled:

. Steam Pipes - there is a six imech steam pipe uspstresm of the RCIC
turbine, 60 ft lomg, with three imches of imsulation, with the pipe
temperature assumed equal to the resctor stemm temperatare of 552°F
under normal operating conditions, aad 388°F after reactor
depressurization to 200 psig): and & sixteen inch exhaust steam pipe
downstream of the RCIC turbine, 40 ft lomg, with two imches of
{nsulation, with pipe temperature at 250°F because steam preossure
downstream of the turbine is held at 25 psis.

' Vater Pipes - two uninsulated water pipes, ome suction pipe and the
other discharge pipe, with dimensions of 8''X 38 ft and 6''X 36 ft,
carry water from the water source and imject it iato the reactor. As
mentioned previously, the water source may be either the CST or the
suppression pool, thus the water temperature may vary from the CST
temperature of 90°F up to the suppression pool temperature. Depending
on the RCIC room temperature at a particular time, these water pipes
may be either heat sources or heat sinks,

. Tarbine - the RCIC turbinme is inssulated., The turbine temperature is
taken as the average upstresmm and dovnstream stesm temperatures.
Small portions of turbime that are not imsulated are not modeled.

A RCIC Pump - the RCIC pump weighs 6600 1bm and is sot insulated. As in
the case of water pipes, the RCIC pump may become » heat sink
depending on the room temperature and the water temperature,

Heat Sinks -~ The following heat sinks are modeled:



. Conerete Walls, Floor and Ceiling - the walls are 26 ft tall, with
widths varying from 18 ft to 31 ft. Thickanesses vary from 1 ft to J
ft. These structures were conservatively asssumed to de insulated on
the outer surface.

. Turbine Base Plate = it weighs 900 1bm and is mninsulated,
. Room Cooler - it weighs 2000 1bm and is wmminsulated,

. As mentioned previously, the water pipes and RCIC pump decome heat
sinks if the RCIC room tempersture is higher than the RCIC water
temperature,

Analytical Assumptions -~ The tollowing assumptions were made in the analysis, with
justifications for these assumptions given subsequently:

¢ Air and stemm are mmiformly mized at all times,

e Air behaves 1ik an ideal gas.

‘ No condensation on structursl surfaces,

o The RCIC room is isolated from the surrounndings.

® Heat conduction is one dimensionsal through structures amd walls,

Since the pericd of inmterest is several hours, stemm lesksd into the room has
sufficient time to diffuse and mix with air, therefore, the mniform mizing assumption
is a good approxzimation, Also, since only low pressures and temperatures are
encountered, the ideal gas law holds true for air.

Assumpt ions of mo condensation on structursl surfaces is conservative becanse the
free-convection heat transfer coefficient used in the absence of condensation is
smaller than the condensing heat transfer coefficient., Isolating the RCIC room is
another conservatism, becaunse mass and energy are preventd from leaving the room
through conduction, comvection and radiation, Finally, the one~dimensional heat
conduction assumption is correct excepc at the cormers of the walls, but the impact
is negligidle.

i5B. 4

INPUT PARAMETERS

The following imitisal conditions and key parmmeters were used in the amalysis:
. Initinl room temperature was 90°F,

. Steam leskage rate was 70 1bm/hr.

-7 &~



’ No resactor depressurization for the first 30 iastes (as the operator
is trying to determine » -opriate actions) and the resctor was cooled
down at 100°F/t ..

’ Tompersture of RCIC water was 90°F, which is the techaical
specification CST temperature, because the RCIC can take suction from
the ssppression pool for omly & short period of time and the operator
will switch the suctos back to the CST as the pool approaches 140°F,

5EQ.

A timeshare computer program has been developed to carry out the calculations
described above.

The RCIC room temperature response following & station blackout is given in Figure '\SEB -1 .
Tre temperature imcreases rapidly duriag the first hour of the traasient, then
the rate of imcresse levels off subsequently. The room temperature rises to 119°F at

eight hours of tramsient and 122°F at twelve hours of transient,

ISER-2 and 'SEB-3
Figures show the sensitivity results at high water temperature and low stesm
leakage rate, respectively. With the water temperature at 140°F, the RCIC room
temperature rises to 133°F at twelve hours, while at the stomm leakage rate of 10
Ibm/hr (which corresponds to mew turbine gland seal comdition) the room temperature
yeaches only 101°F at twelve hours, The high sensitivity to the stomm leskage rate
is due to the large latesnt heat of stesm which is relessed upon condensing in the
RCIC room. The sensitivity study also indicates that there is no impact of reactor
cooldown rate on the RCIU room temperature response.

The above results indicate that the RCIC room temperature twelve hours following »
station blackout to be substantially below the equipment quaification limits of 212°F
for the first six hours and 150°F between siz and twelve hours following a station
blackout. This shows that proper operstion of the RCIC can be maintained for many
hours durisg & station blackest to provide sdequate core cooliag.
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