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EXECUTIVE SUMMARY

This Technical Evaluation Report (TER) documents the findings from a review of the Individual Plant
Examunation (IPE) for the Big Rock Point (BRP) Nuclear Power Plant The pnmary purpose of the review
15 10 ascertain whether or not, and to what extent, the IPE submuttal sausfies the major intent of Genenc Letter
(GL) 88-20 and achueves the four IPE sub-objectives The review utilized both the information provided in
the IPE submittal and additional information provided by the licensee, the Consumers Power Company
(CPC), in the response (RAI Responses) to an NRC request for additional information (RAI)

E.1 Plant Characterization

The BRP Nuclear Power Plant 1s a 75 MWe, 240 MWth General Electnic boiling water reactor (BWR) of
BWR-1 design The reactor coolant system (RCS) consists of the reactor vessel, the main feedwater and the
steam system, the stcam drum, the emergency condenser, outside pump dnven recirculation loops and
interconnected piping  The plant 1s operated by Consumers Power Company (CPC), and started commercial
operation in December 1962 There are no other operating units on site

Design features at BRP that impact the core damage frequency (CDF) relative to other BWRs are as follows

1) Large primary water inventory relative to core thermal power and decay heat levels. Over 35,000
Ibm of water covers the core in the reactor and the steam drum following a reactor trip.  Therefore,
it would take 2 hours to deplete inventory to the top of the core even if no decay heat removal
systems were to function Thus feature decreases the core damage frequency relative to other BWRs

2) Emergency condenser (EC) for high pressure core cooling and makeup. This system is similar to the
isolation condenser found at some other old r BWRs. The system enables passive cooling of the
reactor, without reliance on ac power (diesel « riven pumps can be used for shell side makeup). The
time scales for success of vanous steps in EC operation are relatively long: with no makeup supply
for shell cooling available, the emergency «ondenser operation can prevent safety valve lifting
(setpoint at 1535 psig) for a peniod of 6.5 lours. With makeup available, Big Rock Point has
sufficient dc capacity to cope with station bla :kout conditions for over a week. In case of ATWS,
the emergency condenser can remove full power for 30 mun before depletion of shell side inventory,
thus giving the operators additional time to respond.

This feature decreases CDF vulnerability relative to most other BWRs.

3) The firewater system, consisting of one diesel driven and one electric pump, can be used as part of
the ECCS. This system can be used for low pressure injection (1.¢., core spray), for cooling of the
ponM(ﬁ.e..mdmm)mmm.ufor"ﬁlltheblll"(usedwhenmirwlationisnot
available) It can also be used for emergency condenser secondary side makeup (as backup to
demineralized water system), or to provide inventory for the main condenser. There is also an
additionll,mdpmablc,diml&iveup\mp.whichmbcmedfaawgmcymmnkeup
Thus feature tends to decrease the CDF

4) uchichimmbemedntheuhmhatxmk.Theﬁnsymukum&omuke
Michigan This feature decreases the CDF.



5)

6)

)

8)

9)

10)

1)
12)
13)

In case recirculation is unavailable for continued core cooling, "fill the ball" can be used. This
involves continuing in the mjection mode, thus almost filling the sphenical containment wath water
The post-incident (or recirculation) system 1s mutiated when the water level reaches the 587 ft
elevation inside the containment, in order to preserve contanment integrity. The maximum
permissible containment water level is 596 ft, based on the design pressure (about mudplane)
Depending on how many ECCS pumps are operating, this level will be reached in between 6.3 and
21 hours after the initiator. Should the post incident system fail, fill the ball is used (1., ijection
is continued until most of the 130 ft diameter sphere 1s filled with water), as calculations show that
the containment can really withstand fill up to about 620-636 ft level (depending on internal air
presme),nwhchpoiminjecﬁonis(ummatedandpmivecooungvinnmnlcircmnmnandm
cooling 0. the containment steel shell takes over However, although the operators are trained in this
procedure, no credit is given for fill the ball operation in the IPE If credited, this feature would
decrease the CDF

The emergency ac power consists of one 200 kW emergency diesel generator, and one 250 kW,
standby diesel generator. There is only one safety bus, and the diesels are sized for just one CRD
pump and/or the electric fire pump (and/or the demuneralized water system for emergency condenser
makeup) The absence of diesel capacity for any other pumps would be detnmental, compared to
other BWRs, were it not for the fact that the plant relies extensively on passive features. The core
cooling function can be accomplished without ac power. DC power 1s supplied by two battery banks,
i.e., the normal and the alternate shutdown batiery. The alternate shutdown battery supplies the post-
initiator loads of interest, and is sized such that a blackout can be survived for about a week, a
positive plant feature. The emergency power system requires no support function.

CRD pumps cannot be used in conjunction with safety valve cycling or actuation of the reactor
depressurization system due to high temperature in the CRD pump room, a negative plant feature.
In general, this plant seems to be more vulnerable to environmental conditions (some of the other
systems vulnerable to harsh conditions are the reactor cooling water system, emergency condenser
outlet valves, primary core spray valves, the reactor pressure and level instrumentation, as well as
some operator actions).

The instrument air system has three air compressors, with one being sufficient for system success.
Apparently domestic water car be used for backup cooling of air compressors. These are positive
features (A fourth compressor has recently been added, but is not credited in the analysis).

The plant has a recently improved "100% load rejection capability”, a positive feature, however, not
entirely proven in practice (before the recent improvement this feature never actually worked when
called upon). (The plant also has 2 100% turbine bypass capacity, however this feature needs
additional operator actions for success).

Nohighﬂowmehi;hprumECCSpumps,lnegaﬁvefunn,exuptinwmeATWSnequences
where this prevents containment failure

A fast acﬁng.pusive.m:ﬂlyinimwdhquidpomummincueofATWS,aposiu've feature.
AmgkmmmWECCSfaLOCAwdm,lnepﬁvefm.

A portion of primary system piping which is located below core midplanc, a negative feature.



15)

No sign of the classic symptoms of IGSCC (inter granular stress corrosion cracking) found at other
BWRs, a positive feature.

The large dry containment which effectively decouples containment considerations from the Level
1 analysis, compared to other BWRs, a positive feature.

Other features are described in Section 1.2.

TheBigRockPoim(BRP)letuﬁhmasphﬂicdmdvanlfaahrgedrymw.Theplantis
Mimmmmgmmmummmmmaummm
operation, shutdown, and refueling. lncompmmthothaplmuthuunehrgedryconmnmu(PWRs),
the containment volume to thermal power ratio for BRP is significantly (about four times) higher.

The following plant-specific features are important for accident progression in the BRP plant:

E.2

The only BWR plant that uses a large dry containment (a spherical steel vassel). -

A containment that can be accessible during power operation. The plant is designed so that operating
pumlmymwmesplucmdmnnmsidenmwymsnamdopauﬁm,mmu
for a single access door to be open while personnel are entering or leaving the containment thus
exists Interlocks on the doors prevent simultaneous opening of both equipment lock doors or both
personnei doors

The small core and large containment volume. The containment volume to core thermal power ratio
is about § times that of PWRs with large dry containment. The large containment volume reduces
the challenges to containment integrity from con’ainment pressurization mechanisms. It also provides
significant passive heat removal capability through the contanment shell and other passive heat
sinks.

The capabulity to flood the containment. Procedures are in place at BRP to direct the operators to fill
the containment vessel with water (called “fill-the-ball” in the [PE submittal). This provides cooling
to the core debris in-vessel such that vessel failure may be avoided, or provides cooling and
scrubbing of the debris ex-vessel if vesse! failure is not prevented.

Asumpbeneadxthcructorvuselthﬂhasthevolmtoholdthemﬁnmdcbﬁs.Thcsumpinthe

CRD room beneath the reactor vessel has a depth of 3 feet and a volume of 126 cubic feet. This sump
mnyholdthcetm'rcBRPmaﬂnvuselbmcb(withnouldepthofl.6feet,or50cm).

Licensee's IPE Process

mmmmuwwﬁmmMMchss-zomm 1335.

The front-end portion of the IPE is a Level 1 PRA. The specific technique used for the Level 1 PRA was a
small event tree/large fault tree, with fault tree linking and it is clearly described in the submittal

The IPE Level 1 model (initiated in 1992) is an update of an earlier BRP Level | PRA, which was submutted
in 1981 and reviewed by the NRC. Mode! updates reflect the plant modifications and data since 1981. The
freeze date for the analysis was late 1992.



It appears the licensee intends to maintain a "living" PRA, and reference is made to future use of the BRP IPE
models in ongoing risk management activities.

Licensee personnel were invoived in al! aspects of the analysis. In-plant experuise was already existent due
to the previous BRP PRA study. Specialized help for aspects of Level | analysis and review were provided
by Gabor Kenton & Associates and Tenera, and by an independent consultant.

The reviews performed for the IPE inciuded both indepenaent in-house reviews and an extemal review. The
internal review was extensive and consisted of work by managers and key personnel from key organizations
of the utility External peer review was peiformed by the above named consultants. Some comments and

The submittal states that the Big Rock Point (BRP) HRA was performed by a combination of plant personnel
and contractors from Tenera It appears that plant staff had the lead in identifying the human actions to be
modeled and for collecting relevant information regarding those events. Plant staff shared responsibility for
quantifying pre-imitiator events and assisted the contractors in quantifyiug the post-iitiator events. Procedure
reviews, discussions with operations and traiung staff, observations of simulator exercises, review of the
“control room design review”, and walkdowns of important operator actions, including local actions, helped
assure that the [PE HRA represented the as-built, as-operated plaut. Contractors (not named) and trainng,
operations and management personnel performed a review of the '{RA. Both pre-initiator actions (performed
during maintenance, test, surveillance, etc.) and post-initiator actions (performed as part of the response to
an accident) were addressed in the IPE. Important human actions were identified and several procedure
related enhancements were discussed in the licensee’s response: to the NRC’s RAL

E.3 IPE Analysis
E.3.1 Front-End Analysis

The methodology chosen for the front-end analysis was a Level | PRA using the small event tree-large fault
tree methodology. The computer code used for modeling and quantification was [RRAS

The IPE quantified the following initiating evert categories: 8 LOCAs, 7 steam line breaks, 9 transients, 7
ATWSs, 2 special initiators (flooding and ISLOCA) and 2 manaal shutdown initiators. The IPE developed
37 event trees to model the plant response t. these initiating events. The flooding analysis was a relatively
comprehensive analysis, but with pipe faiiurc: he chief mechanism of causing the flood.

Success criteria were based on existing information (¢.g., BWROG) supplemented by calculations, as needed

For reactor depressurization, a conservative criterion of 3/4 RDS valves opening was assumed, whereas in
reality in all but two sequences 1/4 valves is sufficient.

Impact of harsh snvironments on systems is considered. Spédﬁuﬂy.CRDptmps.mcprlys,unqgmcy
condenser and some instrumentation (reactor level) are vulnerable to steam environments in some accidents.
Water collection and interaction with electrical equipment due to steam condensation 1s also considered

Other types of dependencies were also considered, including HVAC. The HVAC is not needed within the
nussion time.



RCP seal LOCA is not considered due to the design and test results of recirculation pump seals at BRP.

The data collection process period was from 1982 through 1992, except for imitiators where the period 1964-

1992 was used. Plant specific component failure data were used to update genenic data with the use of
Bayesian techniques.

BRP data are generally consistent with the NUREG/CR-4550 data. Some of the initiating event frequencies
(spurious RDS, small LOCAs) seem low. The generic and Bayesian updated datu for diesel pumps seem low,
the licensee provided a reasonably complete discussion of such in the RAI responses, along with a sensitivity
analysis to see the impact of higher values on the CDF results.

The multiple Greek letter (MGL) approach was used to charactenize common cause failures. The CCF
parameters used are generally consistent with the NUREG/CR-4550 recommended values. The process used
to arrive at these values follows established procedures, specializing the generic occurrences to the plant
specific design and configuration A potential weakness is that CCF between the normal and alternate plant
battery is not considered (due to different location and maintenance procedures), nor is the CCF between the
electric and diesel driven fire pump considered (the pumps themselves have the same design)

The internal core damage frequency is 5 4E-5/yr. The flooding contributes an additional 1.1E-9/4r. The
internal accident types and initiating events that contribute most to the CDF and their percent contributions
are listed below in Tables E-1 and E-2. Several sensitivity and importance analyses were performed,
including also Fussell-Vesely and Bimbaum importance of systems. The discussion of these subjects is very
comprehensive and thorough Calculation of Bimbaum importance for a few systems was wrong in the
submittal, but this was corrected in the RAI responses

Table E-1 Accident T and Their Contribution to the CDF

Initiating Event Category Annual Frequency

LOCA below core 3.2E-5 59.33

LOCA above core 7.7E-6 14,30

Support system transient 5.1E-6 944

ATWS 3.7E-6 6.96
I SLB inside containment 3 4E-6 6.30
I General transient 1.2E-6 2.18

Loss of offsite power group (load 7.6E-7
rejection, loss of station power, station
blackout)




Table E.2 Dominant Initiating Events and Their Contribution to the CDF

Initiating Event Contribution to CDF (/yr) Yo
Very small LOCA below core 1 4E-5 25.27
Small LOCA below core 1.0E-§ 19.50
Medium LOCA below core 6.3E-6 1183
Loss of Instrument Air 4 RE-6 9.03
Small LOCA above core 4 vE-6 8 64 I
F Turbine tip ATWS 3 4E-6 6.35
Medium LOCA above core 2 5E-6 466
| Large LOCA below core 1.5E-6 ’ 277
Very smali SLB inside containment 1.3E-6 2.50 {
Small SLB inside containment 1.1E-6 1.99
Manual shutdown 8.1E.7 151
Medium SLB inside containment 7.7E-7 144
Large LOCA above core 5 4E-7 1.00
Station Blackout 5.3E-7

E.3.2 Human Keliability Analysis

The HRA process for the Big Rock Point IPE addressed both pre-initiator actions (performed during
maintenance, test, surveillance, etc.) and post-initiator actions (performed as part of the response to an
accident) The analysis of pre-initiator actions considered both miscalibrations and restoration faults. All
pre-initiator restoration errors were analyzed in detail (no screening analysis) and quantified using the ASEP
HRA procedure (NUREG/CR-4772). All common cause miscalibrations were quantified in detail using a
method derived from THERP (NUREG/CR-1278).

The Big Rock Point IPE acknowledges both response and recovery type post-imitiator human actions.
However, post-initiator actions were modeled only when clear procedural guidance (normal, abnormal, or
mmpm)mfadummdrwmnﬁﬁﬁummuQﬂymed‘ To
accmmtfordspmdmdud:ﬂngdniﬂﬁd(saeming)nﬂy:h,&cmhﬂﬂﬂmmn“wbaeitwu
Mﬁﬂlympiudmmmmmmmmﬂﬁpkwﬁm,tbmsmmmy
set to 10" Aﬁathehﬂﬁdqtmﬁﬁadmmdwbenqumdﬁedopawuionsmﬁmimluded.ﬂw
nominal ASEP HRA method was applied to all post-initiator human actions. Where important sequences
mmmmkwm,mmmmwwwma@mmm
HEPs. The HEPs obtained using the ASEP method are known to be somewhat conservative. After the
sequences were «antified with the ASEP values, operator actions identified as potentially being important
were re-analyze 1sing the THERP methodology. All the actions re-analyzed had a Bimbaum importance
greater than 1 OE-6.



While in many cases the application of THERP was reasonable, there were several events for which the
quantification process did not seem appropriate. It 1s thought that the resulting HEPs should be considered
optimistic and that the use of such values for these events is a weakness of the HRA. The problem anses
through the licensee’s use of HEP values from the “annunciator response model” (Table 20-13 or Table 11-13
from THERP) in situations where very limited time (less than 10 minutes) is available for the operator action.
While itcanbcarguedthatmeHEPsfrmxummodelmwoepublewhmsubmﬁaltmc(yututhm30
minutes) is available for the operators to determine the relevant actions and when the operators need only
respond to the existence of an annunciator in the control room, the HEPs from this model do not reflect the
impact of the time available on the likelihood of success. Thus, this model will underestimate HEPs for short-
time frame scenarios relative to the ASEP/THERP time-reliability diagnosis model  Nevertheless, the
submittal still identified the events of concern as being relatively important in terms of contribution to CDF
and a sensitivity analysis indicated that substantial increases in CDF would not be expected if the events were
set to fail. Therefore, potential vulnerabilities related to these events were not overlooked. Other important
aspects of the post-imitiator HRA analysis appeared to be conducted appropnately. Human errors were
identified as important contributors in accident sequences leading to core damage and several procedure
related enhancements were discussed in the licensee’s response to the NRC’s RAL -

E.3.3 Back-End Analysis
The Approach used for Back-End Analysis

Key Plant Damage States (KPDSs), which group the PDSs with similar effects on containment accident
progression, are used as the initial conditions for the Level 2 analysis. The PDSs are defined in the IPE by
an event tree structure with the parameters that are important to Level 2 accident progression as the top
events Quantification of accident progression involves the development of a small containment event tree
(CET) with the top events of the CET determined by fault trees, PDS definition, and containment
phenomenological analyses The CET and its supporting analyses developed in the IPE address all the
containment failure modes discussed in NUREG-1335.

Quantification of the CET and its supporting logic trees is based on the review of industry literature and
plant-specific analyses using the MAAP-BRP code, a computer code developed by the Department of
Energy's Advanced Reactor Severe Accident Program, in corporation with General Electric, for the GE
Simplified BWR (SBWR). In general, the quantification process for the CET is systematic and traceable. The
resuits of the CET analyses lead to an extensive number of end states, which are binned into 15 release
categories.  Release fractions for the release categories are calculated in the BRP IPE by MAAP-BRP.
However, only release fractions for Csl are reported in the IPE submittal for the release categones
Furthermore, only ranges of release fractions are reported

FortthRPlPE,thePDSdeﬁmﬁonschmismsonlble,'thETiswellmmturedmdmyto

understand. mcsrqummummmmdmbw The IPE process is in general logical
and consistent v'th GL 88-20. However, the reporting of only the release fractions for Csl may limit their

use in a consequence analysis.
Back-End Analysis Results

TbeKPDSsdeﬁnedinmeIPEmptimlrilybandouthetypeofwddaanm(q@&@gm).
RPV pressure, and the availability of inventory makeup The most probable KPDS obtained in the BRP IPE
involves wc'xdemmmmiﬁnedorruulﬁngmLOCAsforwhichthzremisatlowpmmwnh



injection failure but with inventory makeup after vessel failure (55% CDF). Ths 1s followed by a transient
KPDS with low reactor pressure and with the loss of coolant inventory makeup both before and after vessel

failure (9.9%), and another LOCA KPDS with the reactor at high pressure with inventory makeup available
after vessel fallure (9 8%).

Table E-3 shows the probabilities of containment failure modes for BRP as percentages of the total CDF.

Results from the NUREG-1150 analyses for Surry and Zion are also presented for comparison

Table E-3 Containment Failure as a Percentage of Totai CDF

ﬁ&w —_— BRE PR+ NUlfggy-l 150 Nunggx 150
Early Failure 42 0.7 14

Late Failure -+ 59 240
Bvpass 15 12.2 07
Isolation Failure tind ¢ -
Intact 943 812 — 0
CDF (1/ 1.7E-5 4 OE-5 34k-4

it

The data presented for BRP are based on Figure 12 8-17 of the [PE submuttal

Late containment failure is assigned & probability of 1E-4 in the CETs presented in the [PE submuttal. However,
results presented in Figure 128-17 shows a zero probability for late failure. The negligible late failure
probability is due to the large containment volume and the use of a 36 hour (after vesse! failure) mission ime
* Included 1n Early Failure, approximately 0.02%

o5 Included in Early Failure, approximately 0.5%

es¢  [ncluded in Early Failure. Of the 4 2% probability of early failure about 0.5% 1s from leaks through penetrations

Of the 1.5% bypass probability, only 0.06% comes from Level | bypass sequences (1e., ISLOCA), while the
majority comes from failure to 1solated the process lines that connect to the primary system. Although LOCA
is the dominant contributor to tota! plant CDF, the main contributors to this failure mode are transients (0.8%
of CDF). This is because MSIV operator 1s required in some transient sequences to terminate the event, and
faihse ‘o “solate the MSIV results in direct containment bypass.

The conditionai probability of early containment failure for BRP 1s about 4.2% (of total CDF). The leading
contributor to this failure mode is containment overpressure failure before vessel breach in ATWS events
(3.5% CDF). This 1s followed by leakage through containment penetrations (0.5%), mostly from leakage
through vemvdvesmddoamh.cmmmmbahgemﬂpnmmly&omLOCA(abom
80% of leakage cases) and transient sequences (about 20% of leakage cases).

Becauseofthclugeconum:ne:nvolmnndthemcofa%hmnmmionﬁmc,conummtflﬂmbythc
mmmummmm-mmmmmwmuwmwuan

SmwmdeﬁmﬁmmtthRPlPEubawdmd:ﬁsﬁmpmdmtumnmemdmgmmde.Although
thefemISpusiblemluumguiu,theCETqumﬁﬁuﬁmmdnshowmlySmmmmwith
non-zero frequencies (Figure 12.8-17 of the submuttal). Besides & no containment failure category, all the
other release categories involve early releases. The conditional probability for the no-containment-failure
category is about 94% ‘lheneaareleuecmgay,whichwuu'ibumabouM'/otomlCDF,hnsaCslrcleasc
fraction 0.1% to 1%. It is primarily from ATWS and LOCA sequences with enclosure spray available. The

X



release category that has a high Csl release (i.¢., greater than 20% release fraction) contributes about 1.5%
to the total CDF . It is mostly from containment bypass sequences in which the enclosure spray and any water
collected in the sump provide no benefit in limiting the source term severity.

The sensitivity studies performed in the BRP IPE are deterministic sensitivity studies, which were performed
by varying some MAAP-BRP parameter values from their base case values and analyzing the differences in
MAAP-BRP calculation results. The effects of uncertainties on CET quantification results are not addressed
directly. For example, it is not clear (from the sensitivity studies presented in the [PE submittal) what 1s the
effect of the amount of core forced out of the vessel (which is one sensitivity study item) on DCH load, and
consequently, the probability of carly containment failure Although probabilistic sensitivity studies were not
discussed in the IPE submittal, the uncertainties on some key containment phenomenological issues were
discussed in some detail in CET quantification For example, early containment failure due to DCH was
evaluated in the IPE by the use of a decomposition event tree (DET). The top events of the DET addressed
the issues of significant uncertainties for DCH. The BRP IPE seems to have addressed the issues of significant
uncertainties in the [PE analysis.

E.4 Generic Issues and Containment Performance Improvements

The IPE addresses decay heat removal (DHR). CDF contributions were estimated for the following DHR
methods main condenser, feedwater, emergency condenser, reactor depressunzation (RDS), condensate, core
spray, post incident recirculation and containmerit flooding.

The following generic issues are also considered closed in the submuttal
1) USI-A43, "Containment Sump Emergency Performance”

2) Closure of the BRP Severe Accident Management Guidelines

E.5 Vulnerabilities and Plant Improvements

The licensee defined & vulnerability as new or unusual means of reaching a situation in which core damage
or containment failure would occur, or if the PRA results indicated BRP would prevent the industry from
meeting published safety goals. No vulnerabilities were found.

No improvements were identified or planned. A list of improvements stemming from the 1981 PRA was
provided No SBO rule improvements resulted except for minor EOP modifications. The licensee intends
wmwwmmmnmepafammofwmpmumdmmmmhigthnbmmimpam.

E.6 Observations

BuedonthzlcvellmviewoftheBRPIPEtheuccnmnppemwhweMyudthedaipmdopermons
of BRP to discover instances of particular vulnerability to core damage. ltdsonppeanthnﬂnliccnsee.hns:
developedmwanﬂuppnmﬁmofmmwadanbmm;pincdmmmmgofmemhkdy
mmacddmtsatBRP;mnedaquanﬁtativemdamndinsoftheovmllﬁ'equmofmdmge;md
Mmmﬁngwmwmepmwmpmmmdmﬁgwmm,




Strengths of the [PE are as follows: Thorough analysis of initiating events and their impact, descriptions of
the plant responses, modeling of accident scenanos, reasonable failure data and comunon cause factors
employed and usage of plant specific data where possible to support the quartification of tutiating events
and component unavailabilities. Treatment of dependencies and harsh environments was thorough, as were
the various sensitivity and importance analyses. The effort seems to have been evenly distributed across the
various arcas of the analysis. The documentation is very detail=d, and there seems to have been a conscious
effort to respond to the RAIs to the best of the licensec’s ability.

There are some areas of concern related to the [PE but these are not expected to have a major impact on the
conclusions. In the area of IE frequency, the RDS spurious opening frequency and the small LOCA
frequency seem low. As far as data is concerned, data for the fire pumps seem low (corrected by a sensitivity
analysis). There are questions as to the Bayesian updating algonithm used, as unreasonable values are
produced for the fire pumps (the other components seem OK). The common cause failure between the twe
station batteries was not considered The common cause failure between the electric and diesel driven fire
pumps was not considered. Also, the system Binbaum importance calculation algorithm seems to break
down at high Bimbaum importance values (partially corrected by recalculating select systems, per RAI
responses). There is a question as to why only pipe failures seem to be important in the flooding analysis.
It 1s not clear if maintenance induced floods and spray effects were treated properly. Finally, the

documentation is sometimes self-contradictory, and some parts of it seem not to have been reviewed prior
to publication.

The IPE determined that LOCAs contribute about 80% to the CDF at BKP. The most imj:ortant sequences
have failures of the post incident system, the reactor depressunization system and/or the core spray system.
The interfacing system LOCAs and containment bypass sequences show negligible contribution to the CDF.
The same can be said for the flooding scenarios. The blackout contribution i1s small (1%), due to existence
of the 100% load rejection capability, the emergency condenser, the ac independent makeup to the emergency
condenser and long life of the alternate shutdown battery, as well as existence of two diesel generators (albeit
with limited capability). The loss of instrument air contribution is relatively large (9%) due to its usage for
emergency condenser makeup from demineralized water, feedwate: flow control, feedwater pump cooling,
and main condenser hotwell makeup. The ATWS contribution (7%) is governed by two opposing forces: less
time than at other BWRs is available for injection of the standby liquid control system, due to nonexistence
of a higl pressure high volume ECCS system at BRP, however the SLCS at BRP is a fast acting one that
ensures subcriticality in about 1 min after operator actuation The 100% bypass capability is not credited as
the operators have to trip the recirculation pumps in a very short time in order to avoid losing the feedwater
system (even though they were able to accomplish this in training exercises). Also, the trp frequency at BRP
seems to be higher than at other plants.

The BRP Level | risk profile does not look like that of a typical BWR, where blackout and ATWS usually
dominate the core damage frequency. Here LOCAs dominate, with ATWS contributing (in the absolute
scmc)abounhenmeashmymduCDmemthBWNMwmefmesmﬁomdubove.
The blackout contribution is much smalicr than at other BWRs, as explained above. There are several reasons
for the high LOCA contribution: a portion of primary piping is located below the level of the core, which
leads to a more severe case of LOCAS; there is paucity of high pressure (/ugh flow rate) makeup systems,
forhrgerLOCAs,mkmptothcwndenwhotwellismndequmwhichluvesd:ctwoﬁnpumpustheonly
lowpmmqmwﬁhbk;meimpmmmtmumwudmbhdbythehmhmmudww
LOCAs and/or steam line breaks; lack of suppression pool means that at some point recirculation must be
brought into play (called the post incident system), and finally, no credit is given for fill-the-ball
proceduralized action, with its passive cooling features, if recirculation fails. On the other hand, it is stated
that the BRP piping is not subject to the inter-granular stress corrosion cracking (1IGSCC) which plagues other
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BWRs, the recirculation strainers are much less vulnerabie to j;lugging than at other BWRSs, it is also claimed
that the LOCA mtiating event frequencies are conservative.

No improvements are contemplated as a result of the [PE. The Fussel Vesely and Bimbaum measures will
be used to identify important systems, components and operator actions and maintain their performance (i.c.,
their reliability and availability).

The HRA review of the Big Rock Point [PE submittal did not identify any significant problems or errors.
A viable approach was used in performing the HRA and nothing in the licensees submittal wdicated that it
failed to meet the intent of Generic Letter 88-20 in regards to the HRA. Important elements pertinent to this
determination include the following:

D

2)

3)

4)

The submittal indicated that utility personnel were involved in the HRA.  Procedure reviews,
discussions with operations and training staff, observations of simulator exercises, review of the
“control room design review”, and walkdowns of important operator actions, including local actions,
helped assure that the [PE HRA represented the as-built, as-operated plant. -

The HRA process for the Big Rock Point IPE addressed both pre-initiator actions (performed during
maintenance, test, surveillance, etc.) and post-initiator actions (performed as part of the response to
an accident). The analysis of pre-initiator actions considered both miscalibrations and restoration
faults. All pre-mitiator restoration errors were analyzed in detail (no screening analysis) and
quantified using the ASEP HRA procedure (NUREG/CR-4772). All common cause miscalibrations
were quantified in detail using a method derived from THERP (NUREG/CR-1278). A reasonable and
thorough analysis of pre-initiator events was performed.

In general, the licensee’s analysis of post-initiator events was performed reasonably. A detailed
“screening” was performed and important human actions were given an even more detailed analysis.
However, there were several events for which the quantification process did not seem appropriate. It
is thought that the resulting HEPs should be considered optimustic and that the use of such values for
these events is a weakness of the HRA  The problem arises through the licensee’s use of HEP values
from the “annunciator response model” (Table 20-13 or Table 11-13 from THERP) in situations
where very limited time (less than 10 minutes) is available for the operator action. While it can be
argued that the HEPs from this model are acceptable when substantial time (greater than 30 minutes)
is available for the operators to determine the relevant actions zud when the operators need only
respond to the existence of an annunciator in the control room, the HEPs from this model do not
reflect the impact of the time available on the likelihood of success. Thus, this model waill
underestimate HEPs for short time frame scenanos relative to the ASEP/THERP time-reliability
diagnosis model. Nevertheless, the submuttal still identified the events of concern as being relatively
impauntinmofcanribuﬁmmCDFmdamiﬁwtymdymindiuwdthnmbsmud
increases in CDF would not be expected if the events were set to fail. Therefore, even though the
qm&ﬁcaﬁonofdueevmmbemidaedamknusofﬁnm,potendalnnnaahihties
related to thee events were not overlooked.

Plant-specific performance shaping factors (PSFs), dependencies, and event tming (with the
exceptions noted in item 3 above) were appropriately considered in most instances. However, in one
event the licensee may not have appropriately factored in the impact of potential radiation hazard on
operator performance. The operator action associated with aligning the fire system for makeup to the
hotwell requires a valve on top of the turbine shield to be opened. The licensee notes that “this area
ofthcplnmisnotshicldedfromwnuinment"mdthn“uammavayshontimefnmcis
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5)

conservatively assumed to complete this action” Presumably this staiement means that the person
performing this action will caly be there for a short time. The licensee does not assume that there 1s
time for an individual to put on protective clothing, but they do note that high stress was assumed for
this event. Thus, the impact of radiation 1s apparently factored in to the HRA by assumung high stress
Additional information regarding specifics of a particular event would be needed to determune wiether
or not such treatment is adequate. The licensee’s sensitivity analysis indicated that CDF would not
increase substantially even if the action to align the fire system to the hotwell was assumed to fail.

A list of important human actions based on their zontribution to core damage frequency was provided
in the submittal

The following are the major findings of the back-end analysis described in the submuttal:

D

2)

3)

4)

5)

6)

U

The back-end portion of the IPE supplies @ substantial amount of information with regards to the
subject areas identified in Genenic Letter 88-20.

The Big Rock Pomnt Plant IPE provides an evaluation of all phenomena of importance to severe
accident progression in accordance with Appendix | of the Generic Letter.

Because of the large containment volume, the probability of containment failure due to containment
pressurization at and after vessel failure 1s not significant. The major contributor to containment
failure is from containment overpresswic in ATWS event (3.5% CDF) and containment bypass (1.5%)
and leakage (0.5%) due to 1solation failure.

The probability of containment leakage (0.5% CDF) may be partly due to the access of the
containment during normal operation. One of the two doors of containment access locks may be open
during normal operation Leakage through door seals and vent valve leakage contribute over 90% to
the total leakage probability

The negligible late containment failure probability is primarily due to the large containment volume
and thick concrete below the CRD room sump beneath the reactor vessel. It is also influenced by the
use of a 36 hour mission time.

The cortainment analyses indicate that there is 2 6% conditional probability of containment failure.
The conditional probability of containment failure is about 1.5% for containment bypass, 4.2% for
early containment failure, and negligible for late containment failure.

Only release fractions for Csl are used in the [PE for source term classification and are reported in the
IPE submittal for the various source terms. Release fractions for other fission products categonies are
not reported in the [PE submuittal.
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1 INTRODUCTION

1.1 Review Process

This technical evaluation report (TER) documents the results of the BNL review of the Big Rock Point (BRP)
Individual Plant Examination (IPE) submittal and the responses to the Requests for Additional Information
(IPE submittal, RAI Responses] This technical evaluation report adopts the NRC review objectives, which
include the following:

To assess if the IPE submittal meets the intent of Generic Letter 88-20, and

To determine if the IPE submittal provides the level of detail requested in the “Submuttal Guidance
Document,” NUREG-1335.

A Request of Additional Information (RAI), which resulted from a preliminary review of the [PE submuittal,
was prepared by BNL and discussed with the NRC. Based on this discussion, the NRC staff submitted an
RAI to Consumers Power C~mpany (CPC) on January 29, 1996. A subseguent telephone discussion between
BNL and the NRC on February 20-22, 1996 revealed the need for additional clarification, which resulted in
another RAI being sent to the CFC on March 1, 1996 CPC responded to both RAI packets in a document
dated April 4, 1996 (RAI Responses) This TER is based on the original submuttal and the responses to the
RAls

1.2 Plant Characterization

The Big Rock Point (BRP) Nuclear Power Plant is a 75 MWe, 240 MWth General Electric boiling wawer
reactor (BWR). This is an early BWR design (BWR-1), in many respects dissimilar to the other operating
BWRs, having a much smaller power output than later BWRs. The reactor coolant system (RCS) consists
of the reactor vessel, main feedwater system, main steam system, external motor pump driven recirculation
Ioops,umdnnn,mbohbm(mawm)oondenmmdmwmadpipmg. There are no jet
pmpsmwaﬂmpmmmwlmmcdmmmmmndwﬂnvunl.

Theructorisbousedmalngedryconumnm(unhkcmyothetopeuﬁngBWRs),chhuasteclsphcre
130 ft in diameter, and having almost | million cubic feet of free volume. There is no suppression pool, and
thus, from a Level 2 standpoint, the plant can be compared to a typical PWR. The containment free volume
toomthermnlpownnoiuubmnmuyhighathmatuypialPWR(dmwsﬁmesthnoflion),uis
the free volume to core mass ratio (almost 2.5 times that of Zion), while the containment ultimate failure
pressure is a little over half that of a typical PWR (79 psig). The plant is operated by Consumers Power
CompmyofMichim(CPC),mdmmdemddopenﬁoninDewmbal%Z. There are no other
operating unitr on site.

DecignfumuBRPMimpndwmquefmqu(CDF)mhnvemothaBWRsmufollows:

1) lugepﬁmnyminvmtayrdmvewmthamdpmmddeuyhutleveu. Over 35,000 Ibm
of water covers the core in the reactor and the steam drum, following a reactor tnip. Therefore, it
would take 2 hours to deplete inventory to the top of the core even if no decay heat removal systems
were to function. This is a positive feature relative to other BWRs.

2) Emergency condenser (EC) for hugh pressure core cooling and makeup. This system s similar to the
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1solation condenser found at some other older BWRs and is automatically mutiated when the pnmary
pressure reaches 1435 psig It can also be initiated manually from the control room or the alternate
shutdown building The system enables passive cooling of the reactor, without reliance on ac power
DC power 1s needed for initial opening of the EC isolation valves, as well as for the valves admutting
makeup water (o the EC shell side  The makeup can be provided by the deruneralized water system
(1f ac power is available), the firewater system or by the portable diesel driven pump (distinguished
from the fixed diesel diven fire pump). The time scales for success of various steps in EC operation
are relauvely long: with no makeup supply for shell cooling available, the emergency condenser
operation can prevent safety valve lifting (setpoint at 1535 psig) for a pericd of 6.5 hours (an
additional 3 hours would pass before the core is uncovered) With makeup available, Big Rock Point
has sufficient dc capacity to cope with station blackout conditions for over a week Makeup valve
actuation can be iutiated remotely from the control room or the alternate shutdown building. The dc
battery supplying power to the EC makeup valves 15 located in the alternate shutdown butiding

The emergency condenser contains two tube bundles, each capable of removing 100% of the dec 'y
heat

In case of ATWS, emergency condenser can remove full power for 30 mun, thus giving the operators
additional ume to respond

These are positive features relative to most other BWRs

The main conderiser, which, in conjunction with the feedwater system, the circulating water system
and the turbine bypass system can be used for reactor makeup/decay heat removal It has three
sources of water inventory hotwell inventory, the gravity feed from the condensate storage tank and
a connection from the firewater system. The redundancy in condenser makeup 1s a positive feature,
however, hotwell inventory would only last 3 minutes at full power, a negative feature from reactor
inventory makeup standpoint, but a positive feature from containment failure standpoint

The firewater system, consisting of one diesel driven, and one electric pump, can be used as part of
the ECCS. Thus system can be used for low pressure injection (i.¢., core spray), for cooling of the post
incident (i.e., recirculation) heat exchangers, or for "fill the ball" (used when recirculation is not
available) It can also be used for emergency condenser secondary side makeup, or to provide
inventory for the main condenser. Thus is a positive feature relative to other BWRs

Lake Michigan can be used as the ultimate heat sink The fire system takes suction from Lake
Michigan Ths 15 a positive feature.

A portable diesel driven pump is available for emergency condenser secondary side makeup if all
other methods fail Thus 1s a positive feature

In case recirculation is unavailable for continued core cooling, “fill the ball" can be used This
involves continuing in the mjection mode, thus filling the spherical containment with water The post-
incident (or recirculation) system is initiated when the water leve reaches the 587 fi elevation inside
the containment, n order to preserve contamnment integnity. The maximum permussible containment
water ievel is 596 ft, based on the design pressure (about midplane) Depending on how many pieces
of ECCS equipment are operating, this level will be reached in between 6.3 and 21 hours after the
initiator. Should the post incident system fail, fill the ball is used, as calculations show that the
containment can really withstand fill up to about 620-636 ft level (depending on internal air pressure),
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8)

9)

10)

1)

12)

13)

at which point injection is terminated and passive cooling via natural circulation and air cooling of
the containment steel shell takes over. However, although the operators are trained in this procedure,
no credit is given for fill the ball operation in the IPE. If credited, this would be a positive feature.

Except for the diesel driven fire pump and the portable diesel driven pump, all pumps are motor
driven (no turbine driven pumps). This is a positive feature, according to the IPE.

The emergency ac power consists of one 200 kW emergency diesel gencrator, and one 250 kW,
standby diesel generator. The diesel capacity is sized just for the electric fire pump and/or one CRD
pump and/or demineralized system for emergency condenser shell makeup, clearly below what other
BWRs' capability and thus a negative feature. The diesels could also be used to power the
instrumentation and control system, for operation of the alternate core spray valves or to charge the
various batteries  The EDG automatically starts on detection of undervoltage on the 480V safety bus.
The SDG is manually started should the EDG fail There is only one emergency bus serviced by the
dieseis, a negative feature Equipment is manually loaded onto the emergency bus on an as-needed
basis. The core cooling function can be accomplished without ac power. -

DC power is supplied by two battery banks, i.¢., the normal and the alternate shutdown battery. The
alternate shutdown battery supplies most post-initiator loads of interest (including emergency
condenser makeup valves and EC level switch, the reactor level and pressure transmutters, and the
MSIV power), and is sized for days' of blackout conditions, a pusitive feature. The normal battery
supplies most of the instrumentation, control and annunciator loals and opening of the core spray
valves and is good for about 4 hours in a blackout. Dedicated batteries are provided for other systems
(the diesel zenerators and the reactor depressurization system). Control room instrumentation has an
alternate source of power should dc power be lost in conditions other than a blackout (125 V ac). The
emergency power system requires no support function, a positive fuature. The EDG is provided with,
but does not need room ventilation, for at least 24 hours (confirmed by actual test) The SDG 1s
mounted in a trailer, with ventilation provided by opening the trailer doors.

Either CRD pump capacity is greater than the decay b=at levels, a positive feature. There are two
CRD pumps, the standby pump starts automatically on reactor trip. However, CRD pumps cannot
be used in conjunction with safety valve cycling or actuation of the reactor depressurization system
due to high temperature in the CRD room, a negative feature.

The instrument air system has three air compressors, with one being sufficient for system success.
Apparently domestic water can be used for backup cooling of air compressors, a positive feature. The
mmmwmmm(wmwmmncsr)mdm
mﬂlvdofmgmcymlhcﬂsidcmkmp(ﬁomthcdanmaﬂmdmsym)

TheRCW(maaoodin;m.shnﬂuwCCWulPWR)tymiswtthﬁedfahmhin-
containment condits ,amptivefunn,mdinhunotmdimdinmeofwcumhnebmk.
or operation of safety valves or the reactor depressunization system. The system of interest which is
coc!sd by the RCW is the shutdown cooling system. Firewsater can be used as backup for RCW,
however this is not credited in the [PE.

ThSmemh&eRCWMa&muwﬂutbemmmmpmmmdma
coolers and the feedwater pumps (lube oil and seal coolers). Relatively few systems need service
water.



14)

15)

16)

17)

18)
19)

20)

21)

22)

23)

24)

Big Rock Point has a fast acting, manually actuated, passive liquid poison system or standby hqud
system, utilizing nitrogen accumulators and squib valves Reactor shutdown 1s achieved within 75
seconds of intiation (on first pass through the core). Thus 1s a positive feature

The plant has a “100% load rejec*ion capability”, a positive feature. In the past, only load rejection
from 50% power or lower has been successful At higher power levels, load rejection has always
failed due to secondary instabilities. However, prior to the IPE submuttal, a hardware modification
had been implemented, which seems to give the utility a hugh confidence (90% probability of success
in the IPE) that load rejection from full power would be successful (no actual events had been
experienced at the time of the submuttal or the RAI responses). This modification is an automatic tnp
of one of the two recirculation pumps on load rejection. In case of load rejection, most of the stcam
would be bypassed to the condenser and the reactor power would be reduced (by increased voiding
mmem,atxdma.byopﬁmdmmuﬂopawmdwdmwﬁw).mhthndwmmuw
turbine generator would continue to run, generating just enough electrical power for the house loads.

The 100% turbine bypass capacity, ie., no safety valve challenge after failure to scram from full
power under certain conditions, a positive feature. However, the feedwater system will not continue
to operate unless a recirculation pump trip ccurs (for the same reasons as in the paragraph above),
lowering the reactor power by 40%. Thus, in practice, the plant really doesn't have the 100% bypass
capacity (not for a long time at least). This feature is credited in high pressure sequences where the
emergency condenser setpoint is reached and the recirculation pump is tripped automatically (as
explained above) In low pressure sequences (e.g, spurious open condenser bypass valve), the
operator has some time to manually trip one recirculation pump, however this is not credited.

No high flow rate high pressure ECCS pumps, a negative feature, except in case of ATWS where thus
may prevent containment failure.

A single two train low pressure ECCS for LOCA evolutions, a negative feature.
A portion of primary system piping which is located below core midplane, a negative feature.

No sign of the classic symptoms of IGSCC (inter granular stress corrosion cracking) found at other
BWRs, a positive feature

200% full steam flow primary system safety relief capacity, a positive feature.

Notouldcpmdmoeofmgimadufuyfummmppmmmmhumccwwmd
instrument air, a positive feature. However, many systems are vulnerable to harsh environmental

conditions, 8 negative feature (CRD, RCW, emergency condenser outlet valves, primary core spray
valves, reactor level and pressure instrumentation, etc.).

Tae large dry containment which effectively decouples containment considerations from the Level
1 analysis, a positive feature.

mB”mprmwwwmbWMumhaBWh,apwﬁwfm
This isdueto:llukoprool(whichmlymmLOCAmueddcbru),umis
pumpcdﬁmmwmmuwwfulmm(mmjxﬁmmk
reentered should recirculation fail), there is a (non-proceduralized) capability to backflush the
strainers, the post-LOCA pool is relatively large and stagnant, with relatively low flow velocities, the
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suction strainers are located away from the containment floor and awcy from the top of the pool; and
coarscmcshscreendoorsmlocawdatmeentrmofﬁ\coonummtmasmthﬂwmction
strainers.

25)  The RDS (reactor depressurization system) valves are dc power dependent. However, they have their
own dedicated batteries (good for 5 hours u: a blackout), a positive feature, independent of the normal
station battery or the standby battery. The RDS is of limited help in a blackout due to the limited
battetyhfemdal:obeuuseﬂwcorespny:yztundepmdsmdwnamﬂmﬁonbmaywhichhn
a life of only 4 hours in a blackout. This is a slightly negative feature (as the blackout is not a
significant CDF contributor).

26) A relatively wide gap exists between the operating pressure of 1335 psi and the design pressure of
1700 psi, a positive feature.

27)  In case of ATWS, and if stable conditions at full power have been achieved, an alternate, albeit time
consuming method exists for shutting down the reactor (a positive feature) Thus is accomplished by
batching the borax or boric acid into the condensate inakeup system, which is then injected by
feedwater

The Big Rock Point (BRP) Plant utilizes 2 spuccal steel vessel for a large dry containment. The plant is
designed such that operating personnel may enter the sphere and remain inside as necessary dunng normal
operation, shutdown, and refueling. Some of the plant characteristics important to the back-end analysis are
summarized in Table 1 of thus report.

Table 1 Plant and Containment Characteristics for Big Rock Point Plant

Characteristic

Thermal Power, MW (t) 240 3236 2441

RCS Water Volume, ft’ 600 12,700 9200
Containment Free volume, ft’ 940,000 2,860,000 1,800,000 |
Mass of Fuel, lbm 28,600 216,000 175,000 i
Mass of Zircalloy, Ibm 11,480 44,500 36,200
Containment Design Pressure, psig _ 27 47 45

Median Containment Failure Pressure, psig 79 135 126
RCS Water Volume/Power, ft'/MW(1) 2.5 39 38

Containment Volume/Power, f'/ MW(t) 3917
Zr Mass/Containment Volume, Ibm/ f*
Fuel Mass/Containment Volume, Ibm/ ft°

BecachRPist.heonlyBWRpllmﬁntumalnpd:yeonmmnan,itismeappmpdmwcompm?he
WWM&M&'PW&:M&W&MW.Asua:inmeaboveuble,me
thumalpmlevclofBRPismthmlOtimu:mlllathmthaeonionmdSmry.Ontheothahmd.
the containment free volume of BRP is only about 2 to 3 times smaller The containment volume to thermal
powerrmo.whicbum:ndiuwrofmewnmnmpafamanccinmeetingthcpresmchallmgadmﬂng
a severe accident, is much greater for BRP than for lion or Surry. The data in the above table aiso show the
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comparison of some other parameters, and all of these compansons reflect the relatively large containment
volume for BRP than for other plants. On the other hand, the containment pressure capability for BRP 1s
lower. It 1s noted that the parameters presented in the above able provide onlv rough indications of the
containment’s capability to meet severe accident challenges and that both the containment strength and the
challenges associated with the severe accident wnvolve significant uncertainties.

The plant charactenistics important to the back-end analysis are’

The only BWR plant that uses a large dry containment (a spherical steel vessel)

A containment that can be accessible during power operation. The plant is designed so that operating
personnel may enter the sphere and remain inside as necessary duning normai operation. The potential
for a single access door to be open while personnel are entering or leaving the containment thus exists
Interlocks on the doors prevert simultaneous opening of both equipment lock doors or both personnel
doors.

The smali core and large containment volume The containment volume to core thermal power ratio
1s about 5 imes that of PWRs with large dry containment The large containment volume reduces the
challenges to containment integnty from contamment pressurization mechanisms. It also provides
significant passive heat removal capability through the containment shell and other passive heat sinks.

The capability to flood the containment. Procedures are in place at BRP to direct the operators to fill
the containment vessel with water (called “fill-the-ball” in the IPE submittal) This provides cooling
to the core debnis in-vessel such that vessel failure may be avoided, or provides cooling and scrubbing
of the debns ex-vessel if vessel failure 1s not prevented.

A sump beneath the reactor vessel that has the volume to hold the entire core debns. The sump in the
CRD room beneath the reactor vessel has a depth of 3 feet and a volume of 126 cubic feet. This sump
may hold the entire BRP core after vessel breach (with a total depth of 1.6 feet, or 50 cm).



2 TECHNICAL REVIEW

2.1 Licensee's IPE Process

2.1.1 Completeness and Methodology
Thchcmmhupmvxded&ctypeofhfamaﬁmmquawdbyGenencwss-ZOmdNUREG 1335.

The front-end portion of the IPE is a Level | PRA. The specific technique used for the Level 1 PRA was a
small event tree/large fault tree, and it is clearly described in the submuttal

Internal initiating events and internal flooding were considered.  Event trees were developed for all classes
of initiating events. No uncertainty analysis was performed. Several sensitivity analyses were performed
(with regard to the diesel fuel oil supply, the load rejection assumption, the hotwell makeup, the electrical
bus failure rate, the temperature in Rooms 418 and 400, and the liquid poison squib valve sensitivity).
System importance analysis was also performed (utilizing the Fussel-Vesely and the Birnbaum importance
measures).

The IPE Level | mode! (submitted in late 1994) is an update of an earlier BRP Level 3 PRA, which was
submitted in 198] (for TMI exemptions) and reviewed by the NRC. Model updates reflect the plant
modifications ard data since 1981, The event trees were revised based on Rev. 4 of BWROG EPGs and
updated success criteria. Other PRA studies were also reviewed. NUREG- 1150 for Surry, Peach Bottom and
Grand Gulf, and the 1983 Shoreham PRA. It seems that the Sequoyah PRA was also reviewed.

The submittal information on the HRA process was adequate. However, on the basis of the licensee’s
response to the NRC’s RAL, information in some parts of Section 4 (the overall “methods and approach”) was
apparently inaccurate. The response to the RAI indicates that some of the information in section 4 (at least
some related to the HRA) was boilerplate and should have been revised after completion of the analysis
Sections 10 and 13 provided enough information to evaluate the HRA, but it would have helped to be able
to rely on the information in section 4 Nevertheless, the information contained in the submittal and that
obtained f-om the licensee’s response to the RAI, indicated that the HRA was generally complete in scope.

The HRA process for the Big Rock Point IPE considered both pre-initiator actions (performed during
maintenance, test, surveillance, etc.) and post-initiator actions (performed as part of the response to an
accident). A detailed analysis was performed for all pre-initiators. The Big Rock rouat IPE acknowledges
both response and recovery type post-initiator human actions. However, post-initiator actions were modeled
mmmde(Wm«mm)Wfame
and repair activities were apparently not credited. To account for dependencies during the initial (screening)
mdym,mcmbmmdmtumn“wbutitwhiﬁdlymogmudmnmmmmmmn
wmultiple operator actions, the HEPs were initially set to 1.0.” After the initial quaatification and when
qumtiﬁedopeuorwﬁmmﬁmindudad,dzmmlASEPHRAmhodwulpphedtompost-
initiator human actions. Where important sequences contained multiple operator actions, the actions were
anaiyzed to determine the dependencies between the HEPs. The HEPs obtained using the ASEP method are
known to be somewhat conservative. After the sequences were quantified with the ASEP values, operator
mm&w»m&wmwmmwmmmmmy All the
actiors re-analyzed had a Bimbaum importance greater than 1. 0E-6.



While in many cases the application of THERP was reasonable, there were several events for which the
quantification process did not seem appropnate It 1s thought that the resulting HEPs should be considered
optimistic and that the use of such values for these events 1s a weakness of the HRA. The problem anses
through the licensee's use of HEP values from the “annunciator response model™ (Table 20-13 or Table 11-13
from THERP) in situations where very limited time is available for the operator action. While 1t can be
argued that the HEPs from this model are acceptable when substantial time is available for the operators to
determine the relevant actions and when the operators need only respond to the existence of an annunciator
in the control room, the HEPs from this model do not refiect the impact of the time available on the likelihood
of success. Thus, this model will clearly underestimate HEPs for short ime frame scena~os and the
ASEP/THERP time-reliability diagnosis model 1s clearly indicated in such situations. Other important
aspects of the post-inmitiator HRA analysis appeared to be conducted appropriately. Human errors were
identified as important contributors in accident sequences leading to core damage and several procedure
related enhancements were discussed in the licensee's response to the NRC’s RAL

The Big Rock Point Plant Individual Plant Examunation (IPE) back-end submittal is essentially consistent
with respect to the level of detail requested in NUREG-1335

The methodology employed in the BRP IPE for the Level 2 evaluation is clearly described in the submuttal
Plant Damage States (PDSs), which are defined in the IPE by an event tree structure with the parameters
important to Level 2 accident progression as the top events, are defined in the IPE They are further grouped
to key PDSs (KPDSs) to be used as the itial ccnditions for the Level 2 analysis. Quantification of the Level
2 accident progression involves the development of small top level containment event trees (CETs). The top
events of the CETs are determined by the fault trees, the PDS definition, and analyses of important
containment phenomena The CETs and the supporting logic trees addressed in detail all the containment
failure modes discussed in NUREG-1335. The results of the CET analyses are an extensive number of CET
end states which are binned into fifteen release categones (only five of which have non-zero frequencies)
The CET quantification relies on review of industry literature, pnmarily the NUREG-1150 document, and
plant-specific analyses using the MAAP-BRP code. Release iractions for the release categories are based on
the plant-specific MAAP-BRP calculation results. However, only release fractions for Csl are reported in the
IPE submittal, The release fractions of other fission product groups are not reported in the submuttal.

2.1.2 Multi-Unit Effects and As-Built, As-Operated Status

There are no other units on site.

A wide variety of up-to-date information sources were used to develop the IPE: Final Hazards Analysis
Report (for system success criteria), BRP technical specifications (system operating guidelines and system
design), plant operations manual (system descriptions and operating procedures), emergency operating
ptwaduru(synanopenﬁondmingmanermandopa'm.cﬁmdmingmmm).BRPdnwmgs
(mmlmmedwthwbm),mm,mmm
licensee event reports (initiating event data, plant response and failure data), plant surveillance procedures
(demmddammﬁammdamdmﬁmu)mdmﬂnmmaﬂm(hﬂmdmmmm
availability).
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walkdowns were performed as part of the [PE. These were performed on an as needed basis as part of the
fault tree and event tree development, and also for the flooding, HEP and containment analyses. The
walkdowns were part of the iterative PRA process, and were easier 10 perform here than at most plants
because a) the PRA team (i.e., CPC personnel) work on site and b) the BRP containment is not inerted and

access 1s relatively casy.

Significant participation in the IPE by plant staff, procedure reviews, discussions with operations and training
staff, observations of simulator exercises, review of the “control room design review”, and walkdowns of
important operator actions, including local actions, helped assure that the IPE HRA represented the as-built,
as-operated plant. Contractors (not named) and training, operations and management personnel performed
review of the HRA. This also helped assure that the IPE HRA represented the as-built, as-operated plant

Insofar as the back-end analyses are concerned, it appears that all the BRP containment specific features are
modeled.

it scems the licensee intends to maintain a "living PRA™.
2.1.3 Licensee Participation and Peer Review

Licensee personnel were involved in all aspects of the analysis. In-plant expertise was already existent due
to the previous BRP PRA study, such that CPC personnel performed most of the work, with (unspecified)
help from Gabor Kenton and Associates, and Tenera It appears that almost all of Level | work was done by
CPC

The reviews performed for the IPE seem to have been done by the analysts in the course of their work and
by other CPC personnel in the course of interactions with the maintenance, engineering, reactor engineering
and training personnel. Formal re..cw was performed by the present plant manager, operations manager, the
simulator operations supervisor, the safety and licensing director, selected SRO qualified training nuclear
instructors and selected maintenance personnel (RAI responses).

Outside review was performed by experts from Tenera, Gabor Kenton & Assoc. (now Dames & Moore) and
by an independent contractor (David Bizzak).

From the description provided in the IPE submuttal it seems that the intent of Generic Letter 88-20 is satisfied.

2.2 Front End Technical Review

2.2.1 Accident Sequence Delineation and System Analysis
2.2.1.1 Initiating Events

mwwgcvenuforBRPIPEmidenﬁﬁedpﬁmuﬂybnedmﬂx 1981 PRA and by reviewing the
plant operating experience. A couple of minor initiators from the 1981 PRA were deleted as they would not
be a significant contributor. Conmolled manual shutdowns were not included in the analysis, but forced
manual:hutdownsm,mdingtothembmiﬂlLdthm;hthevducofSﬁfomedmmudshmdowmper

year appears high



As a result, a total of 35-40 initiating events were identified (some wnitiators, such as ISLOCA or turbine trip
can be further broken down into subinitiators). In addition, only 1 flooding scenario survived the screening
process, and will be described in the flooding section of this report. The internal initiators are

LOCAs

RPV Rupture below core
Large LOCA below core
Medium LOCA below core
Small LOCA below core
Very small LOCA below core
Large LOCA above core
Medium LOCA above core
Small LOCA sbove core

Steamline break inside containment
Large SLBIC
Medium SLBIC
Small SLBIC
Very small SLBIC

Steamline break outside containment
Large SLBOC
Medium SLBOC
Small SLBOC

Transients
Turbine Trip
Loss of Feedwater
Loss of Main Condenser
Spurious MSIV Closure
Spurious Bypass Valve Openung
Spurious RDS (Reactor Depressunzauon System) Valve Opening
Load Rejection
Loss of DC Power
Loss of Instrument Air

Turbire Trip

Loss of Feedwater

Loss of Main Condenser
Spurious MSIV Closure
Spunous Bypass Valve Opening
Loss of Instrument Air

Loss of Offsite Power

Special Initiaters
Interfacing Systems LOCA
Internal Flooding

Manua! Shutdown




Manual Shutdown
Loss of Service Water

The initiating event list seems to be complete and comparable to events cons:dered in other PRAs. HVAC
failures do not lead to imitiating events (RAI responses).

The loss of offsite power initiating event is included under "load rejection”. Load rejection occurs when the
main 138 kV transmission line "disconnects”. At that point, the plant attempts to continue runmng the reactor
to just supply the house loads (1.¢, one recirculation pump is tripped off, voiding in the core increases, most
ofd\esteamisbypusedtodwcondcnsu,withonlyumall fraction flowing to the turbine in order to supply
the 4-6 MWe needed). lfthisismsmﬁd,dneMbincwiﬂtnpmdtheWwiﬂm(e.g.onhigh
flux), and transfer of essential loads to the 46 kV transmission line will be attempted, automatically. (Large
loads, such as the feedwater pumps and the reactor recirculation pumps would be tripped automaticaily, with
manual loading possibie if the transfer to the 46 kV line was successful). Only if this transfer is unsuccessful,
will the “loss of offsite power" uecur, and the emergency diesel generator will start to supply select safety
loads (which would be loaded manually), mainly the electrical fire pump and/or the CRD pumps

The loss of DC power initiator involves loss o power from the normal station battery (there 1s only one
normal DC bus in this plant) The standby battery powers certain safety loads (e.g., the emergency condenser
makeup and isolation valves), and its failure would not constitute an initiator (although LCO conditions
would be entered, and the plant would have to be shutdown in 24 hours).

Loss of an individual AC bus was considered, and frequency of individual faults calculated Apparently, this
was not an important initiator (hughest fault frequency was 7 7E-5/yr), and thus is not included in the Table
of initiators, (Table 4 in Section 2.2 2.6)

For a discussion of initiator frequencics see Section 2.2.2 6 below
2.2.1.2 Event Trees

The IPE developed 37 event trees to model the plant responses to internal initiating events. Pretty much every
initiating event has a separate event tree developed for it. In case of interfacing systems LOCA, there are two
event trees, one for each of the two dominant pathways, and in case of load rejection there are three,
depending on tne stage in progression from failed load rejection to station blackout. Thus there are 7 general
{ransient event trees (turbine trip, manual shutdown, loss of feedwater, MSIV closure, loss of main condenser,
loss of instrument air and spurious bypass valve opening event tree), 8 steam line break event trees (the 4
categories inside the containment, the 3 categories outside the containment plus the spurious RDS operation
eventtree);?LOCAmm(muMswthemwegamabovethemmd4wzgambelow
them,noevmtmisdevelopedfortbeRPVmpm;howeva,anbdowLOCAevmu‘cmwd-sRPV
mfmathelawwpoiminthepﬁmlrymmindudingthelargebOCA,withabtukmot'upto}S
fté, 2 louohmevemm(fliledloadmjwdon,louofmtionpower,mﬁonblackwtmdlossofbc
power eve: t L.%es), 7 ATWS event trees, correspunding to the 7 ATWS categories enumerated in the initiator
section; &3} 4 "other transients” event trees (the interval flooding event tree, the two interfacing LOCA event
trees and the long term cooling event & 2¢). Thelongtamcoohngevmtmunumfuevmtn’eeusedfor
transients where low pressure cenditions for initiation of the shutdown cooling system or the post incident
ty:temmstwithintheubwrmiuionﬁme.

The event trees are systemic. The mission time used in the core damage analysis was 24 hours.
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Thc event tree end states are divided into two possible outcomes: success or core damage (which is then put
into the appropnate plant damage bin)

The analysts used the peak clad temperature of 2500°F as the definition of core damage.

Success criteria are based on performance or review of engineering analyses. These analyses were comprised
of the following:

1) Existing in-house best estimate or design basis calculations performed for Big Rock Pount,

2) Hand calculations tailored to the event sequence success criteria development, based on continuity,
momentum and energy balances,

3) Computer modeling of the event sequence success criteria using plant analysis codes such as MAAP,
4) Engineening judgement

The success criteria appear reasonable. The licensee claims that the RDS success cniterion of 3 out of 4
valves opening for depressurization, used in the IPE, is conservative. In reality, in all but two sequences, one
out of 4 valves is sufficient (RAI responses). In all non-ATWS scenanos, lifting of one out of 6 safety valves
(different system from the RDS) will prevent overpressunization, in ATWS that success criterion is 3 out of
6 safety valves.

The RCP (recirculation pump) seal LOCAs are not modeled, either as an initiator or as part of an accident
sequence, for the following reasons:

1) Procedures instruct the operators to trip the RCPs if seal pressure and temperature cannot be
maintained,

2) RCP loop isolation valves could be closed to isolaw excessive seal leakage if ac power is available,

3) If seal cooling were lost via loss of reactor cooling water or loss of service water, RCP seal failure
would not occur immediately. A test of the BRP RCP O-rings conducted in 1981 exposed the seals
to 580°F for a 6-hour period without failure.

The steam drum enclosure sprays are modeled for certain initiators (e g, steamline breaks inside containment)
because of environmental operability requirements of certain equipment within the enclosure (e g., emergency
condenser valves).

The environmental qualification requirements of systems are noted and nodeled(e.g.,hlnhLOCA
conditions inside the containment, flooding of containmeat by injection sys* _as or from steam condensation,
eic.). However, the effect on terminal connections and cables is appareatly not modeled.

No repair activities were credited except for offsite power recovery. Certain recovery actions (¢.g., condenser
hotwell inakeup via firewater in case of ATWS) were not credited. The fill-the-ball operation does appear
in the event trees but is assigned a failure probability of 1. There is also a discussion which considers that
coolingofthemthmgbmsdutzboihngmambmpdlawerhudofthemvesnlshqdd.be
effective, but thus is not credited, either. On balance, these conservatisms seem reasonable (based on limited
time available, lack of thermal hydraulic discussion tc.). The assumptions related to the fill-the-ball strategy
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always failing are responsible for 42% of the core damage. Thus is due to LOCA sequences. Thus, if thus
strategy were credited, the CDF would drop by almost a half, but the LOCAs would still be a dominant
contributor, therefore the conclusions regarding relative importance of various accident scenarios would still

be mostly valid.

Other modeling conservatism are also no 1 1n the RAI responses. Feedwater hydro of the steam drum was
not credited (the operators could raise the steam drum level to above the steam separators and cool the core
through the nisers for the small pipe break mnitiators) Emergency condenser could be used for
depressurization in very small LOCA below core conditions below the shutoff head of the fire pumps (not
credited). The proceduralized manuai operation of the alternate core spray injection path (MOV-7072) was
never modeled. The proceduralized portable diesel pump was only credited in case of station blackout and
internal flooding  The recently installed fourth air compressor was not credited.

For ISLOCAs pathways outside contanment through low pressure piping were considered Inside
containment ISLOCAs were included in the LOCA and steam line break inside containment analyses.
Outside containment steam line breaks were also considered in a separate analysis (see above), therefore
ISLOCA analysis does not consider such events (including, for example breaks in emergency condenser
tubing).

Two dominant pathways resulted from this analysis, and two separate event trees were developed One was
an ISLOCA above core, which resuited in the core spray injection line. The structure of this tree is sumular
to that of a medium LOCA above core, wiih some events missing: the core spray is assumed failed, the
enclosure spray is not needed, the po.* inc.dent and the fill-the-ball systems are not credited as the discharge
is outside the containment The other cvent tree was for an ISLOCA below the core, which represented a
break in the reactor fuel pit drain/blowdown line. The structure of the tree is similar to that of a small LOCA
below the core without events representing the post incident system and the fill-the-ball scrategy.

2.2.1.3 Systems Analysis

A total of 22 systems/functions are described in the Submittal. Included are descriptions of the following
systems emergency condenser, emergency condenser makeup, reactor depressunization system, primary
system safety relief valves, main steam isolation system, main condenser, shutdown cooling system, post
incident system, feedwater system, condensate system, control rod drive system, fire protection system, core
spray system, enclosure spray system, containment isolation system, fili-the-ball, station power system,
component and instrument air, condenser circulating water system, reactor cooling water system, service
water system and liquid poison system. A discussion of the HVAC system considerations was provided in
the RAI responses.
Note: the post inci system is analogous to a low pressure recirculation system in a PWR, i.¢., suction 1s
ta en from the containment sump via S strainers, through two parallel 100% capacity pumps outside the
containment, through a heat exchanger and then back inside the containment and over the core through spray
spargers.

MMMpﬁmimlm:dimmnofmewmdamPﬁmmdmswpmMm,mg
mmwmﬁaﬁwdw,mmmMMMﬁm,
mmmmmm,Mww@mmmem
(including the values of the MGL parameters), human reliability, plant snecific expenience, recults md
insights (imludmgtheFmeu-Vudymdtthunbamimpmmmmfatbemwm)mdxmtutmg
event review.
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Also included for many systems are sumplified schematics that show major equipment items and important
flow and configuration information.

Section 1.2 of this TER provides a description of important plant features
2.2.1.4 System Dependencies

The IPE addressed and considered the following types of dependencies: shared component, instrumentation
and control, 1solation, motive power, direct equipment cooling, areas requinng HVAC, operator actions and
environmental effects. The HVAC system is assumed to be not needed in any of the rooms, due to tests
showing equipment not reaching the damage temperature (¢.g., in the control room), availability of natural
circulation and passive cooling due to non-compartmentalized nature of certain areas, and availability of
simple operator actions such as openung of a rol! up door.

2.2.2 Quantitative Process
2.2.2.1 Quantificstion of Accident Sequence Frequencies

The IPE used a small event tree/large fault tree technique with fault tree linking to quantify core damage
sequences. The event trees were systemic. The IRRAS computer code was used for development and
quantification of top event probabilities and accident frequencies.

The cut set truncation limit used was 1 E-09/yr, without the initating event frequency. Initial cutsets with
a conditional probability of 1 E-6 were scrutinized to make sure they made sense.

The IPE took credit for recovery of offsite power. The IPE power recovery curve is based on BRP expenence
and is consiste:. with sverage industry data cited in an Electric Power Research Institute (EPRI)-sponsored
study (NSAC-147) (actually the BRP data are conservative compared to the NSAC data).

No other recoveries or equipment repair were credited. For instance, restoration of the main condenser after
MSIV closure was not credited, nor was the restoration of feedwater in a loss of feedwater event tree. In
addition, no recovery was included in the Level 2 analysis. However, simple recoveries from operator errors
were credited.

Other conservatisms in the model are related to double counting of data and cutsets. Minimal sorting of raw
failure data was done, such that a failure of a supercomponent such as the diesel generator may also be
counted as a failure of its constituent parts, ¢ g, a relay. Non-mirumal cutsets were not eliminated, as an older
version oIfIR.RAS was used (Ver. 4.16) which apparently did not have that capability, according to the
submuttal”.

2.2.2.2 Point Estimates and Uncertainty/Sensitivity Analyses

Mean values were used for the point estimate initiator frequencies and all other basic events. The CDF

I'This last assertion, about [RRAS version 4.16, may not be correct. The author of this TER tried to
contact Ken Russell of INEL, the developer of [RRAS, unsuccessfully, but the suthor’s recollection is this
capabﬂityexmedmmhsoowthmthumm:nd.deﬁmw.mmhwham 1993, the year the IPE was
done (the earlier versions of IRRAS, i.e. 2.xx, back in 1989 and 1990 had this problem).
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calculated is 5 4E-S/yr. No uncertainty analysis was performed. Fussel-Vesely and Bimbaum importance
measures are given for systems and key basic events, and insights are gained about importance of systems
and maintaining their performance based on these measures.

Six non-HRA sensitivity studies were also performed.

In the first study, sensitivity to the diesel fuel oil supply is explored. There are several diesel engines on site:
the diesel driven fire pump, the emergency diesel generator, the standby diesel generator and the portable
diesel pump. All of these motors, except for the portable pump, require dedicated fuel. It is possible to refill
all the tanks with the same fuel, thus incapacitating the engines for which this is the wrong type of fuel. The
sensitivity study set all the diesel engine run failure probabilities to 1. The increase in the CDF was 2.25E-
3/yr, i.e., very substantial This is understandable, as these diesel engines are used as backup in many
SLENarnos.

The second study calculated the sensitivity to the load rejection assumption. The current assumption 1s that
the load rejection from full power would fail only 10% of the time, due to the recent hardware modification
of tripping one recirculation pump on load rejection. However, this assumption is untested (there have been
n0 load rejections since the modification), and full power load rejections had always failed prier to thus
improvement (partial power load rejections, from up to 50% power had been successful in the past). This
study set the load rejection failure probability equal to 1. The resultant increase in the core damage frequency
was 6 OE-6/yr, i e, oniy about 11% This is due to the electrical distribution system redundancy, existence
of two diesel generators, the diesel driven fire pump and the portable diesel pump, as well as the long time
to battery depletion (about a week). It seems plausible that this sensitivity to the load rejection assumption
would be increased with increased unreliability of the two diesel driven pumps (a point of one of the RAls,
see section 2.2.2.3), however no updated sensitivity study was performed as part of the RAI responses.

The third sensitivity study was performed for the ability to use the condensate system as a low pressure water
supply to the reactor. Makeup to the condenser hotwell can be provided by gravity feed from the condensate
storage tank or by the fire protection system (the latter was apparently not credited due to the short time scale
for this manual action) The condenser makeup was disabled in this study (i.¢., failure probability of makeup
valves set to 1), thus disabling the low pressure condensate pump injection into the reactor, the resultant
increase in the CDF was 7 6E-5/yr, i ¢, significant. In this case, the low pressure “aakeup to the reactor vessel
is reduced to the design basis (the core sprays with fire water) When the vaive failure rate was increased by
an order of magnitude from its base case vaiue, the increase in the CDF was 6.0E-6/yr, 1.¢., relatively small
(11%). Thus the reliability of these components can be relatively flexible.

The fourth study calculated the importance measures (Fussel-Vesely and Birnbaum) of vanous electrical
distribution panels and buses The Fussel-Vesely importance for all of these components was relatively low
(between 1 E-5 and 6 E-3) The Birnbaum importance ranged from medium (1 4E-5/yr) to high (7.5E-3/y1),
i.e., these would be the increases in the CDF if the appropriate component were assumed failed The highest
B'u'nbaumimpommewnduivedfathepmdthﬂwwldmwethepoﬂinddemmthemud
pressure control and the condensate valve control

’l'heﬁtthsmdydultwithdwwmperminkoansﬂs(lpemfmlpithutachmwroom)mdmO(m
drum enclosure) The LOCA and steamline break event trees were reanalyzed assuming increased failure
probabilities of equipment within these two rooms due to severe environments. The important equipment
in these rooms are the core spray level and pressure instrumentation used for cutomatic valve operation (room
418), reactor water level transmutters for the low reactor water level permussive signal for the RDS (room
418), the primary core spray motor operated valves (room: 400) and the emergency condenser outlet valves
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Two sensitivities were performed, one assuming a moderate degradation of equipment performance that
doubles the base failure rate, and two, a severe degradation which increases the base failure raie by an order
of magnitude The moderate degradation case produced a CDF increase of 2 9E-6/yr, which is small, ie.,

moderate degradation can be tolerated The severe degradation increased the CDF by 3 8E-5/yr, which is
sigruficant

The final study considered the sensitivity of the liquid poison squib valves to thermal degradation while in
service (these valves are regularly replaced every few years, and randomly tested). The seven squib valves
are explosive actuated valves which have replaceable pnmer and trigger assemblies. Two sensitivity studies
were performed.  The first study assumes the squib valves would fail to actuate when exposed to a high
temperature steam environment, as would be expected in case of safety valve actuation during an ATWS
event. The second sensitivity assumes the squib valves will automatically actuate vhen exposed to prolonged
(greater than 10 munutes) high temperatures. The first sensitivity produced a small increase in the CDF of
2 OE-6/yr. Thus is due to the fact that majonty of ATWS sequences arise from the low pressure turbine trip,
thus no SRV actuation results (ATWS contributes 7% to the CDF overall). The second sensitivity produced

a small decrease in the CDF of 6.0E-7/yr, as the operator action to fire the squib valves is effectively
removed

2.2.2.3 Use of Plant Specific Data

The data collection process period was from 1982 through 1992 (10 years). The initiating event collection
peniod was from the start of commercial operation in 1964 through the ead of 1992 (29 years).

Both demand and time related failures were addressed The sources of plant specific failure data and
maintenance/testing unavailability data were: control room log books, deviation reports, licensee event
reports, maintenance orders, surveillance tests and switching and tagging orders.

For components for which no plant specific data existed, genenc data were used. For components for which
relatively plentiful plant data existed, that data was used directly (e g , dividing the number of failures by the
10 year data window and adjusting for the plant capacity factor). For components for which relatively sparse
data existed, Bayesian updating of generic data with the plant specific expenence was performed, according
to the submittal however, a spot check of the data base leaves the impression that Bayesian updating was
used extensively (e.g., in case of the fire pumps, relatively plentiful plant specific data exists, yet Bayesian
updating was performed). Most important components have plant specific data.

The submuttal shows both the generic data and plant specific data used for a component, along with the plant
specific expenience (e g , number of failures and total runming time in hours) for that component.

Table 2 of this review compares the plant specific failure daia for selected compenents from the IPE to values
typically used in PRA and [PE studies, using the NUREG/CR-4550 data for comparison [NUREG/CR 4550,
Methodology].

BRP data are generally in agreement with the NUREG/CR-4550 data, with data for the standby diesel
generators and the diesel driven fire pump lower than expected. The reported failure rates seem to be
supponedbytheexhbiwdphmdnamdtheluuicpnmmoiexwptfutheﬁmpumps,mdummm
below and in Section 2.2.2.4.  Note that in Table 2, some failure rate data under BRP the column are generic,
i.¢, there was insufficient plant specific experience (¢ g , electnic bus, squib valves).
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Table 2 Comparison of Failure Data

Component BRP 4550

MD Pump

fail to start 4.0E-4 to 8. 0E-3 3.0E-3
fail to run 1.7E-5 to 2.5E-4 3 .0E-5
Electncal fire pump

fail to start 1.2E-3 3.0E-3
fail to run 3.6E-4 3.0E-5
Diesel Driven fire pump

fail to start 24E-3 3.0E-2
fail to run 4 8E-4 8 0E-4
Diesel Driven portable pump

fail to start -

fail to run 7 OE-2 (HEP) 3.0E-2
standby failure (90 days btw  tests) 3 4E-5 8 0E-4

34E-5

IAS Compressor

fail to start 43E-3 8 0E-2
fail to run 9.5E-5t0 1 4E-4 20E4
Battery Charger Failure 1.9E-5 to 5.2E-5 1.0E-6

(1.3E-5 for RDS chargers)

Battery Failure 2.0E-6 1.0E-6
Circuit Breaker (480V)

iaul to remain closed 2.2E-6 10 2.8E-6 1.0E-6
fail to close 3.6E-2 10 3.0E-2 3.0E-3
AC Bus Fault duning operation 5.0E-7 1.0E-7
Check Valve

fail to open 53E-4t0 1 8E-3 1.0E-4
fail to close 6.1E-4 10 6.3E-4 1.0E-3
MOV

fail to open 2.7E-3 to 2.8E-2 3.0E-3
fail to close 1.2E-2 t0 2.0E-2 3.0E-3
Aw Operated Valve

fail to open/close 1.6E-3 to 2 6E-3 2.0E-3
Solenoid Valve

fail to operate 1.3E-3 0 7.2E-3 2.0E-3

17




Table 2 Comparison of Failure Data

Component BRP 4550
Pneumatic valve, hydraulic valve
fail to operate 1.5E-3 to 2 4E-3 2.0E-3
Explosive valve (squib) 30E-3 3.0E-3
Steam Drum Safety Relief Valves
fails to open 4 6E-3 1.0E-5
RDS valve fails to energize/open 7.0E-3 to 1. 5E-2 1.0E-2

(solenoid + relief)

Emergency Diesel Generator, Standby
DG. -
fails to start 1 6E-2,4 4E-3 3.0E-2
fails to run 4 8E-2,2.2E-2 2.0E-3

(1) 4550 are mean values taken from NUREG/CR-4550, 1 ¢, from the NUREG-1150 study of
five U S nuclear power plants.

(2) Demand failures are probabilities per demand. Failures to run or operate are frequencies
expressed in number of failures per hour

In case of the diesel driven fire pump (DFP), there were two aspects of the data which were problematic.
First, the genenic prior used for Bayesian updating was the failure rates for the motor dnven pump, whereas
the diesel driven pumps tend to be significantly more unreliable. This would bias the posterior failure rate
toward lower values, if the plant specific experience were weak (¢ g, no failure). Second, while the plant
specific experience was relatively strong, this was not reflected in the posterior values for DFP failure rates,
which were unreasonably low

Specifically, the generic value used for failure to start and failure to run, respectively, was 3 3E-3/d and 3 4E-
5/hr, whereas the corresponding values in NUREG/CR-4550 are 3.0E-2/d and 8 OE-4/hr. The plant specific
evidence for the DFP was 2 start failures in 814 demands and 7 failures in 407 hours of operation (i,
testing). This yields the plant specific start failure rate of 2.SE-3/d and the run failure rate of 1.7E-2/hr. As
can be seen from Table 2, the DFP run failure rate used in the IPE is much lower than expected (4 8E-4/hr),
in spite of the relatively strong plant experience. Somewhat similar, though less pronounced, problem
appears in the electric (motor driven) fire pump (MFP) failure to run (3.6E-4/hr used in the I'E vs. 4 4E-3/hr
calculated from 3 failures in 679 hours). As far as the diesel driven portable pump is concerned, the usage
ohlowMpmp&ﬂmmumwhnoﬂ‘mbyimludmmcnmdbyflﬂmmemthemodel.

The data used forﬂmep\mpsisimpaumuthcymmedfamlkwwthcmgmcym,fmthe
wespuyinjwﬁonmdndmﬂaﬁmwohng,mdwﬂdbedepmdedmmamﬁcnbhckm. As & result,
a relatively high Bimbaum importance is calculated for these pumps (4. E-4/yr for the DFP and 6 E-4/yr for
the MFP).
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In response to the RAI dealing with these issues, the licensee stated that the plant data collected over predict
failure for several reasons: the actual run time of the pumps during tests is sometimes much longer than the
‘/zbourrequired;thcfaﬂwumaybedwblecmmwdbctweenﬂwpumpsandﬂwirmodeledmﬁmm
components (relays, switches, etc ), failure is assumed even if a shight departure from nominal parameters
occurs, even ifﬂwpmpcmsﬁﬂpro&uthemquiredﬂw(forcxmplcofﬂw?DFanfailum,onlyone
was claimed to be a "true” failure).

The licensee also states that other conservatism are built into the analysis which would offset any optimistic
failure rates. The assumed mission time of 24 hours is reasonable for breaks below the core, but is
conservative for most other initiators For above core breaks and emergency condenser operation, the fire
pumps would be operated intermittently. Also not included are passive containment sinks and core cooling
vialiquidﬂlmvuselcoolhg,whichtthPCmﬂym:howsmldbeeﬁ'ecﬁvemlmgwmdeaybea
removal.

The licensee performed a sensitivity analysis in which the fire pump failure rates were raised to 1.0E-2/d for
start failures and ; OE-2/hr for run failures. The new total CDF is not shown, although it appears it is at least
double the base case CDF (i, on the order of 1 E-4/yr) Instead, a comparison is made between CDF
contributors (in terms of initiators ) between the submittal and the sensitivity analysis, in which three types
of initiators are compared: LOCAs and SLBs, loss of instrument air, and other non-LOCA. In the sensitivity
analysis, the LOCA and SLB contribution as a fraction of the total CDF dropped precipitously, from 80% in
the base case to 46%. The loss of instrument air contribution rose markedly, from 9% in the submittal to 42%
in the sensitivity analysis. The other non-LOCA contribution stayed approximately the same, in a relative
sense (11% of the CDF in the submittal vs. 12% in the sensitivity analysis).

"‘crcuefourseqummmﬁwlouofmwmmmmcwhichmmonofthewmtms
yetiator contribution to the total CDF. All four have failure of the emergency condenser and low pressure
makeup to the core, which are dominated by failure of the fire pumps to run. The licensee states that, in
realnt_v.therewndyﬂtﬂledfmmmmmwmﬂdmobcmeimdmothepmblcdiudpump
would be used for emergency condenser makeup. The portable pump is now credited only for station
blackout and flooding sequences. The fourth air compressor was not credited, however it has not been
formally related to plant operations (RAI responses) According to the RAI responses, including the portable
pumpinthcmdymwmndreducethelouofinsmmtmoonuibuﬁonto7'/oofﬁxenewCDF,while
including the fourth compressor would reduce this even further. It should be noted that the portabie pump
run failure rate used is also optimistic, by 1 to 2 orders of magnitude. However, due to inclusion of the
operator start failure rate of 7.E-2/d and the standby failure rate which adds another 3.7E-2/d to the start
failure rate, this pump's mission time total unavailability is only muldly under represented.

2.2.2.4 Use of Generic Data

Genaicdmmdmmﬂy?LGMwithmBG&Gd&mddmﬁthMmdme
Monticello IPEs/PRAs. Thegenuicdnamgmnﬂymble,withtheaoepﬁonofmwfonhc
diesel driven pumps. lnthncm.dwmic“p\mp'hmed.i.e.,dmfaﬂxmdﬁmp\mmused
ThiswillMwmmmdfﬂmmwmwofh&mlm&nmwmm“
prior for Bayesian updating). In turn, this may lead to under representation of station blackout sequences in
the list of dominant sequences. The licensee did perform some sensitivity studies to correct this deficiency
(wedimuioninmz.Zanbove),inmponutotheRAk
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2.2.2.5 Common-Cause Quantification

Redundant components were systematically examined to address potential common-cause failures. The
approach used was the multiple Greek letter approach (MGL). The P and (if applicabie) the y, the 8, the ¢
and the { factors are reported in the submittal, with discrimination based on failure modes (e.g., in general,
dififerent values of MGL parameters are given to failure to start as opposed to failure to run)

The methodology used was not described in detail, although 1t appears that it has yielded reasonable common
causc parameter values (for the most part). The process used is consistent with that described in NUREG
1478, "Procedures for Treating Common Cause Failures in Safety Reliability Studies” (RAI responses). The
submuttal states that the following references were consulted for data on common cause failures: EPR] NP-
3967, the PLG data base, NUREG/CR-3289 and NPRDS

When calculating the common cause failure rate of two or more components, the hughest random failure rate
1s used as the basis for calculation. For instance, in case of the common cause failures of the emergency
diesel generator and the standby diesel generator, the failure of the emergency diesel generator is multiplied
by the P factor to arrive at the common cause failure rate. The EDG failure rates are lugher (see Table 2)

As can be seen from Table 3, most important components are modeled with regard to the common cause
failure. The batteries a= not modeled, ¢.g., common cause between the station battery and the alternate
shutdown panel (or standby station) battery, because they are located in different plant areas and are tested
and maintained by separate procedures (RAI responses) Still, the batteries ars of the same design, and some
kind of common cause factor should have probabiy been included (These two batteries are used for different
purposes, there is only one safety dc bus, served by the alternate shutdown panel battery) The common cause
among the four dedicated RDS battenes i1s not modeled, due to probabilistic insignificance, as the chargers
can supply the needed power There are other batteries in the plant, such as the cnes associated with the
diesel generators and the diesel driven fire pump, but apparently ther failare 1s included uader the
supercomponent failure to start

The common cause failures between the diesel driven and the electric fire pump are not modeled, ~.ven though
the pumps are identical four-stage vertical Worthington turbines Common cause failures due to
environmental factors (e.g., flooding), maintenance errors, functional s: nilan..es (e g., plugging by the zebra
mussell) are included in the fault trees. Common cause due to design similarises would manifest itself in th
metallurgical defects of the driver, which have not manifested themselves during routine disassembly o the
pumps. However, lack of observed defects or observed failure mode does not necessarily mean lack of
common cause failure between components. Common cause between pumps using different drivers has been
modeled in other PRAs (e g, between the motor driven and the turbine driven AFW pumps in PWRs). Due
to the significance of the fire protection system as a frontline ECCS system, it appears there is a slight
undercounting of failure in this regard. However, there seems to have been communicatior. between the
independent reviewer and the analyst on this issue (at first, CCF of these two pumps was modeled)

A comparison of effective B factors in the submittal vs those suggested in NUREG/CR-4550 (“reference f
factor”) is presented in Table 3. Note that NUREG/CR-4550 does not distinguish between failure modes
(e.g., failure to run vs. failure to start) in common cause failures, and the values giver are those for failure
to start.

The table shows general consistency between the BRP CCF data and that recommended in NUREG/CR-4550
For some pumps, the CCF data are somewhat lower in the IPE. The safety relief valve CCF values are
substantially lower in the TPE. Thus is due to the fact that the BRP valves are of a different design, they are
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spring loaded mechanical valves, whereas the NUREG-1150 BWRs use pilot operated relief valves (RAI
responses). It is not explained how this affects the possibility of common cause failure between valves (as
opposed to their failure rate). However, the impact of even including the higher CCF values 1s negligible on
the final result (RAI responses) This is substantiated by the low Bimbaum importance calculated in the IPE
for these valves (4.5E-7/yr for the whole system of 6 vaives)

Table 3. Comparison of Common-Cause Failure Factors

0.038
00560021
0.026
021
AFW aux. oil pumps, core spray 0.11 0.11t00.15
ps; shutdown cooling
umps,FTS&FTR
Instrument air compressors
FTS
FTR 007
0.01
ficircuit breaker, FTC 0.07
flaov 0.07 0.10
RDS relief valves 0.07 0.07 (?) (PWR PORVs)
solencid viv 0.07 I
valve 0.01
MOV, FTO&FTC 0.08 0.088
safety relief valves, FTO 001 0.22
ansmitters (level, etc) 0.171t00.20
switches 0.07

2.2.2.6 Initiating Event Frequency Quantification

The initiating event frequencies used in the IPE are presented in Table 4, and the method used in calculation
of the frequency is noted there as well. Following are some comments on the [E calculations and frequencies
found o the Table.

For spurious RDS actuation, the potential for RDS opening due to valve failures and/or musalignment is
calculated It includes one event in 1993 (outside the data window) where one valve was found in the wrong
position after replacement of a leaking pilot valve. The event did not result in an RDS valve opening,
however it was countad as part of the cutset for this occurrence. The licensee states that common cause
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failures of the sensors or the actuation logic is probabilistically insignificant and was not considered in
developing the frequency of this event (RAI responses) In case of sensor failure, two low steam drum level
and two low reactor water level signals would have to be generated. In case of actuator failure, two elements
within one logic actuation cabinet would have to fail. It is not clear that this is probabilistically insignificant
compared to the calculated IE frequency of 6 4E-5/yr, especially since this is substantially lower than the
spurious depressurization frequency used in other BWR studies (orders of magnitude).

For event "spurious opening of turbine bypass valve", the data window was 27 years i.¢., from 1966 through
1992, because the original bypass valve was replaced in 1965 due to unsatisfactory performance. Since that

time there have been no events, but one event of spurious bypass closure at low power (<15% power) was
counted in the calculation.

For many events where there have been no failure in the 29 year data window, one failure was assumed to
have occurred and the frequency calculated correspondingly .

For the most part, and with the caveat about the RDS spurious actuation frequency above, the frequencies
in Table 4 seem reasonable, except for the small small LOCA frequency which is substantially lower than
the value found in NUREG/CR-4550, which was 2 E-2/yr (vs. the BRP value of 1.7E-3/yr).

It is stated that the LOCA frequencies used are up to an order of magnitude higher than those used in the 1981
study, which accounted for the fact that the plant had less piping than a typical! nuclear power plant, due to
its smaller size.

The LOCA and steam line break frequencies were derived from the EPRI BWR frequencies for small,
medium and large breaks, and apportioned according to the BRP piping length fraction in different categones
(4% for steam line breaks outside containment, 43% for steam line breaks inside containment, 11% for
LOCAs above the core and 42% for LOCAs below the core). When a small small LOCA frequency is
needed, the EPRI value for the small LOCA frequency is split evenly between the small and the small small
LOCAs. The EPRI frequencies are conservative (by 2-3 orders of magnitude) when compared to the
BWROG upper bound mean values which were derived using a "conservative statistical method of estimating
break probabilities in a population in which no breaks have occurred”. The BRP IPE states that the LOCA
frequencies have been going down as more expenence is gained with no breaks.

The RCP (recirculation pump) seal failure is not included in the initiating event frequency because procedures
instruct the operators to trip the RCPs if the seal pressure and temperature cannot be maintained and because
the RCP loop isolation valves could be closed to isolate excessive seal leakage if ac power is available.

The CDF at BRP is sensitive to the small-small LOCA frequency estimate.

It is stated in the submittal that NUREG/CR-4792 value of 1.E-3/yr/loop, for double ended guillotine break
(DEGB) of §5-304 BWR recirculation piping is inappropriate for Big Rock Point for several reasons:

1) NoeroditisgivmfawdomukmtomiﬁgmlGSCCmdnoaeditforinspecdonswhichdetm
cracks prior to failure,

2) ‘n:elGSCCmﬁpﬁmehmbemmndwbceﬁmmrm@mmch
program performed by EPRUBWROG/GE in the 1980s, and have been recognized as effective by the
NRC (NUREG-0313, Rev. 2),
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3) The IGSCC analysis performed in NUREG/CR-4792 was performed primanly to compare the relative
performance of 304 and 316 NG matenal, not to provide a point estimate.

It is also stated that BRP is not susceptible to IGSCC (except for two cases which occurred in the cleanup
system due to specialized conditions associated with welds, which had been anticipated and have been
corrected). The reasons for BRP “immunity" from IGSCC are the following:

1) The primary system is mostly cast stainless, specifically the 17 inch, 20 inch and 24 inch pipe.

2) The cast stainless has enough fernite that microgranular cracks are arrested. It is generally agreed that
cast stainless with 8% femnite is immun~ to IGSCC, whereas selected BRP primary samples have
shown the fernite content to range from 10% to 25%.

3) The welding was done to munimize the thermal effects on the nearby heat affected zone.

4) BRP primary system has inherent flexibility (due to the configuration of the reactor vessel, the steam
drum and the emergency condenser), which allows for thermal growth during power operation, this
alleviates the residual stress, thus mimimizing a necessary precursor condition for IGSCC.

For ISLOCA initiating event frequency, several pathways were considered (separate from the steam line
break outside containment category) which bypass the containment. Valve failures were considered, but then
a conditional probability of low pressure pipe rupture was also credited, given the high/low pressure isolation
failure It is assumed the pipe will fail due to internal pipe stresses and not because of the dynamic stresses
due to a rapid pressurization. The conditional low pressure pipe rupture probability is 6 0E-3, based on
BWROG data, as stated in the submittal. As the valve failure fault tree yields a frequency of high/low
pressure boundary failure of 2 0E-5/yr for the core spray injection line, and 6 1E-3/yr for the fuel pit
drain/blowdown line, then the initiating event frequencies for these two dominant pathways are 1.2E-7/yr for
the former and 3 7E-6/yr for the latter

Table 4 Big Rock Point Initiating Event Frequencies

Category Initistor Method* | Frequency(/yr)
LOCA, below core Very small 2 1.7E-3
Small 2 1.7E-3
Medium 2 1.3E-4
Large 2 3.0E-4
RPV Rupture 2 2.7E-7
LOCA, above core Small 2 8 8E-4
Medium 2 3.3E4
Large 2 7.7E-5
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Table 4 Big Rock Point Initiating Event Frequencies

I Category Initiator Method* | Frequency(/yr) I

Steamline break, inside Very small 2 1.7E-3 J
containment
Small 2 1.7E-3 ]
Medium 2 13E-3
Larpe 2 3.0E-4
Steamline break, outside Small 2 32E4
containment
Medium 2 1.2E-4 l
Large 2 2 8E-7
General transients Turbine tnp - 113
Loss of feedwater 4 0.045 J
Loss of main 4 0.045
condenser
Spurious MSIV 1 0018
closure
Spurious bypass - 0049
valve opening
Spurious RDS 1,3 6 4E-5
valve openin, 4
Support system Load rejection 4 0.280
degradation I
Loss of DC power 3 0.045
I Loss of instrument 4 0.045
air
ATWS Turbine tnp 2 1.1E-5
Loss of feedwater 2 5 0E-7
Loss of main 2 4 5E-7
condenser
I Spunious bypass 2 4 9E.7
valve opening
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Table 4 Big Rock Point Initiating Event Frequencies

Initiator Frequency(/yr

Spurious MSIV 1 8E-7
closure

Loss of instrument 4 5E-7
air

Loss of Otisite 6.1E-7
power

Interfacing system 3 8E-6
LOCA

Internal flooding i 1 4E-6 .
Manual shutdown : 5.60

Loss of service 009
water

*Method of calculating initiating event frequencies:
1 plant specific data
2. genenic/industry data
3 system fault trec analysis
4 actual occurrences

2.2.3 Interface Issues
2.2.3.1 ¥roni-End and Back-End Inteifaces

Containment heat removal (i.¢., the steam drum enclosure sprays) is modeled for certain initiators (steam line
breaks inside containment) in order to insure survival of certain equipment inside the steam drum enclosure
(e,g,,uwgencyoondmsavdvu,mlcvdmmmuﬁon.m.). As mentioned above, at BRP injection
canecnﬁnmfonubmminlperiodofﬁmfoﬂovdngnLOCA.ormoduiniﬁaw,mﬁlthecoammmtsteel
sphmduipme(dwwthehymwmumpwmimi&)ummatwhichpoima
M!dwvuwredrwhﬁon[poninddm'ynanmsnummut In ¢ 'se PIS swithcover is unsuccessful,
mjmmmuwwmmwwmummmmmuﬁndmm
ultimate failure pressure. Thi:m;y,whilcnotaedimd.mbuymbsunﬁdﬁme.in.ddiﬁmwﬂzlong
time periods expected for most accident evolutions.

lthd&Mh&e[PEMmﬁdmthmmfumbeobnﬁmdﬁmmhgtheMged(ammy
M)mMNWMwMM«memMpmmhng
of&WMMhmm),Mmmmm«mmemm
(although this is not credited in the analysis). The fact that the containment is a steel shell may have
deleterious effects on certain operatcr actions (e.g., starting the standby diesel generator or aligning the
paublemmp)inweofndiabonmwimidetheminmt.
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Section 2 4 provides more information on Level 2 considerations

2.2.3.2 Human Factors Interfaces

The operator actions which may be important at this plant are: manual loading of the EDG or the SDG onto
the emergency bus, manual starting of the SDG, alignment and starting of the portable diesel pump for
emergency condenser makeup, manual depressurization or pressure control, aciuation of the liquid poison
system, recovery of the PIS (not credited) and fill-the-ball (not credited).

There are also some radiation concerns, mentioned above in 2.2.3 1.

Section 2 3 provides more information on HRA considerations

2.2.4 Internal Flooding

2.2.4.1 luternal Flooding Methodology

The methodology used to perform the flooding analysis consisted of three major steps
1) Idenufication of potential floods and areas affected (flood zones),

2) Identification and initial screening of flooding scenarios, and

3) Quantification of important flooding scenanos.

The development of flooding scenanos was supported by plant walkdowns

The fleod analysis was a refinement of previous flood analyses done for Big Rock Point to address certain
1ssues, such as plant response to a break in circulating wate: piping following the Quad Cities 1 event of June
1972, leakage inside the containment and pipe breaks outside the containment. Soine of these 1ssues were
addressed in the 1981 BRP PRA

In this IPE analysis, several potential {looding areas were identified the containment sphere, the turbine
building, the core spray pump room, the screenhouse and the alternate shutdown panel building. Most of
these areas were screened from further analysis based on qualitative arguments: the amount and flow rate of
potential flood sources, alarms and other indications o the operator (e.g., startup of a fire pump on low
system pressure), existence of a 2-hour operator patrol inside the containment, connection of the area to the
outside, la-' f sensitive equipment or a plant trip from a flood in the area. No estimate 1s provided of the
CDF from the screened arcas. All equipment in an affected area was assumed failed, both during the
screening analysis and during the detailed analysis. It is noted that eariier studies have stated that certain
equipment had splash guards, however, this is not credited here (RAI responses). However, if the area in
question was open to other areas of the plant, such that there was nu possibility of submergence, then no
equipment in that area was failed, according to our understanding of the RAI responses. This is 2 non-
conservatism, as spraying could still disable equipment. Some areas were screened out iitially because the
equipment hac overhead splash guards, according to the submuttal, thus contradicting the RAI responses.
This would be an optimistic assumption if the spray could come from a direction other than directly overhead
(no details were provided in the submittal or the RAI responses) No credit is given to floor drains, but
possibility is considered of flood propagation through the drains, HVAC vents, etc. (RAI responses)
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Mostlv passive failures (pipe breaks) seem to have been analyzed. It 1s not clea whether maintenance
induced floods were considered, other than to discount the maintenance errors commutted at shutdown (RAI
responses) wau,mmwnwwmushmdownwd¢xfundewcwd.amaﬂoodaﬁdlpowa.

In addition, potential flooding effects were part of the mwmlevmlsmdym,whaemvﬂmnmw effects
wcmtohavcbemgivmalotofmmnmfae.mplcwwlevelmmsmncompamnmtfrommun

condensation and affecting the electrical equipment wside.

Only one flooding scenario survived the screening process An event tree was constructed and quantfied
applicable to this scenano.

The possibility of isolating the flood seems to have been considered only qunlimivqu. as part of the
m;mdynu.bmwuwgivmaaditmthedewledmdymomnmmsm.

In conclusion, the flooding analysis seems to have been appropnate, with some lingering questions about
treatment of sprays and maintenance induced flooding. -

2.2.4.2 lnternal Flooding Results

The total CDF from flooding events is estimated to be 1. 1E-9/yr No estinate of the CDF due to the screened
scenanios is offered in the IPE

The one scenario that survived the screening was & flood in the screenhouse  This structure houses the
condenser circulating water pumps, the service water pumps and the two fire pumps (the ~lectric and the
diesel dnven fire pump).

A break in the piping of one of the systems is assumed to occur. The initiating ever’ frequency for this event
was calculated to be 1 4E-6/yr. This was calculated based on 182 fi of piping capable of flooding the
screenhouse and the (high energy) pipe break frequency of 7.7E-9/ft/ .

Assuming a flood flow rate of 500 gpm, electrical equipment in the downstairs portion of the screenhouse
will begin to have contact with water in about 17 munutes. The 500 gpm is commensurate with the flow
capacities of the vanous systems nside (1000 gpm for the fire pumps, 2100 gpm for the SW pumps, 24,500
gpm for the circulating water pumps, each)

Upont.hepomﬂnedlmofﬂwdmmmmtandwwdmﬂood,ﬁwmmddnmmcwﬂluip
due to loss of condenser vacuum. As the main condenser is unavailable, the desired response 1s to remove
decay heat via the emergency condenser As the firewater is unavailable, the shell side makeup to the
mmymmbemmphlbdbydﬁuﬂnmmudmmmamcmoﬂhemblc
diesel driven pump. In order to use the demineralized water option, and operate the air-operated control
vn)m.dmmm(mmm)dhmwnwmbembwutheumee
water system is unavailable due to the flood If emergency condenser long term cooling is established, it can
ummmswmnwmmmmmmmmsymmupm
in operation. omm,mummmummmjmﬁmmwummwm
condenser hotwell from the condensate storage tank (or from the demineralized water storage tank or from
mwm),mmwwuwmmmammmofmm
system. Ahumdvdy,CRDnyﬂunmbenudwithmmﬂopaaﬁmofdwRDSsysmmdthehmwu
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The domunant sequence in the above event tree involves a failure of the emergency condenser, failure of the
feedwater, successful CRD operation but failure to manually control the reactor pressure using the RDS
system. This sequence has a frequency of 1. 1E-9A71.

2.2.5 Core Damage Sequence Results

2.25.1 Dominant Core Damage Sequences

Tl}:ljelnluofdte[PEmlymmm:hefarmo“ysiumcnqm,thuemeUREG-lBSmmg
cnteria for reporting of such sequences are used Mpoimmfalhcmdlmm&equmqﬁom
internal events 1s 5 4E-5Anr, with internal flooding contributing an ad#::.onal 11E-9%r. Accident classes and
types and their percent contribution to the CDF, are listed in Tables Sa and Sb The most important iitiators
are given in Table 6

The dominant sequences were provided Ezchofthucimpaumleqmeshuafmqumcymthmli-
6/yr. The important sequences are summarized below in Table 7. .

Table Sa Accident Classes and Their Contribution to the CDF

Accident Class Contribution to CDF (/yr)

LOCAs with post incident recirculation 2.3E-5 426
failure

LOCAs with core spray injection failure 1.3E-5 241
LOCAs with core damage at high 7.5E-€ 139

Transients with core damage at low 4 SE-6 83
pressure

Transients with core damage at high 2.0E-6 37
pressure

ATWS with failure of reactor inventory 1.9E-6 35
makeup

ATWS with containment overpressure 1.9E-6 35
failure due to continued reactor makeup

S.1E7
1 8E-8
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Table Sb Initiating Event Categories and Their CDF Contri

-

bution

Initiating Event Category Annua! Frequency %CDF
L OCA below core 3.2E-5 §9.33
LOCA. above core 7. 7E-6 14.30

Loss of offsite power group (load
rejection, loss of station power, station
blackout)

Support system transient 5 1E-6 9 44
ATWS 3. 7E-6 6.96 J
SL inside containment 3 4E-6 6.30
General transient 1.2E-6 218
7.6E-7 142

SLB outside containment

Other (ISLOCAs, floodin

Table 6 Dominant Initiating Events and Their Contribution to the CDF

Initiating Event Contribution to CDF (/yr)
Very small LOCA below core 1 4E-5 25.27
Small LOCA below core 1. 0E-5 19.50
Medium LOCA below core €3L % 1183
Loss of Instrument Air 4 8E-6 9.03
Small LOCA above core 4 6E-6 8 64
Turbine tnp ATWS 3 4E-6 6.35
I Medium LOCA above core 2.5E-6 4.66
Large LOCA below core 1.5E-6 2.73
Very small SLB ins:de containment 1.3E-6 2.50
Small SLB mnside containment i.1E-6 1.99
Marual shutdown 8 1E-7 151

7.7E-7

S 4E-7

5.3E-7
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Dominant Core Damage Sequences

Initiating Event

Dominant Subsequent Failures in Sequence

Very small LOCA below core

long term failure of post incident recirculation

| Small 1 O A below core

long term failure of post incident recirculation

Medium LOCA below wue

Very small LOCA below core

failure of core spray injection

failure of Reactor Depressunization Svstem

Medium LOCA below core

faulure of post incident system recirculation

Loss of instrument air

failure of emergency condenser makeup,
successful depressurizati~a, but loss of low
pressure makeup with cure sprav or condensate

Turbine tnp ATWS

successful turbine bypass, feedwater loss due to
condensate reject to CST, liqud poison not
injecied before auto RDS; operator terminates
core spray to avoid containment overpressure,
care damage at low pressure with intact
containment

Turbine tnp ATWS

successful turbine bypass, feedwater loss due to
condensate reject io CST, liquid poison not
iyected before auto RDS, operator fails to
lermunate core spray, reactor returns to power,
containment fails on overpressure with core
damage at low pressure

Small LOCA above core

failure of core spray and condensate makeup

Loss of instrument air

b s e

failure of emergency condenser initiation or
makeup, failure of reactor depressurization

Small LOCA below core

failure of reactor depressurization

Small LOCA above core

failure of post incident recirculation

Medium LOCA above core

successful makeup with condensate, failure of
post incident system

Loss of mnstrument air

failure of emergency condenser, SRV actuation
leads to a stuck open SRV, failure of makeup
with care spray and condensate

Very small LOCA below core

failure of core spray and condensate

Very small LOCA below core

failure of reactor depressurization

Small LOCA below core

failure of feedwater and core spray




The SBO contribution 1s about 1% of the ODF  The ATWS contribution 1s about 7% The ISLOCA
contribution 1s 0.024%, whle all containment bypass sequences contnbute 0.20% (including ISLOCA, stcam
line break outside containment and spunous bypass valve opening) System importances arc calculated The
relative importance of systems seems reasonable for the design of the plant Fussell-Vesely and Birnbaum
IMpOortance meEasures are calculated High Bimbaum importance indicates systems whose performance needs
to be maintained in order not to substantially increase the CDF (ie., CDF is sensitive to the data used for
these systems) The systems which both have a high Fussell-Vesely and high Birnbaum importance are the
critical systems The most important sysiems from that standpont are the firewater system, the core spray,
the post incident, the reactor depressunization, t.e reactor protection system. These systems have a Fussel-
Vesely importance greater than 0 10 and & Bimbaum importance greater than | OE-2/yr

2.3 Human Reliability Analysis Technical Review

2.3.1 Pre-Initiator Human Actions

Errors in the performance of pre-mitiator human actions (such as failure to restore or properly align
equipment after testing or maintenance, or muscalibration of system logic instrumentation), may causc
components, trains, or entire systems 10 be unavailable on demand during an witiating event The review of
the human reliability analysis (HRA) portion of the IPE examines the licensee’s HRA process 1o determine
the extent to which pre-utiator human evenls were considered, how potential events were identified, the
effectiveness of any quantitative and/or qualitative screening processes used, and the processes used to
account for plant-specific performance shaping factors (PSFs), recovery factors, and dependencics among
multiple actions

2.3.1.1 Types of Pre-Initiator Human Actions Considered

The Big Rock Pont IPE considered both of the traditional types of pre-imtiator human actions' failures to
restore systems after test, mawntenance, Of surveillance activities and instrument miscalibrations. A broad
range of both types of events were modeled. including 21 failure to restore events and 21 common cause
miscalibration events. All pre-initiator or “latent” events were modeled in the fault trees

2.3.1.2 Process for Identification and Selection of Pre-Initiator Human Actions

All operator actions in the fault trees were identified by Big Rock Point analysts during the development of
the logic models ldentification of the events were based on a review of cach system and on plant procedures
(operating and test and maintenance). While plant personnel were apparently involved in the identification
and selection of pre-initiator actions, INLETVICWS with maintenance and instrumentation and control
technicians regarding specific plant practces and application of procedures were not mentioned However,
the description of the application of the ASEP HRA procedure (NUREG/CR-4772) suggests that appropriate
reviews of pre-initiator related practices and procedures did occur. Thus, it appears that relevant information
sources were examined and that factors which could influence the probability of pre-initiator €rrors were
considered

2.3.1.3 Screening Frocess for Pre-Initiator Human Actions

The licensee stated that no screening values were used when modeling pre-initiator human errors Since the
screening analysis in ASEP requires more or jess the same activities as the nominz] analysis, all restoration




cvents were given the detailed nominal analysis In addition. common causc muscalibration errors were also
given detailed analysis (no screening) using the THERP methodology (NUREG/CR- 1 278)

2.3.1.4 Quantification of Pre-Initiator Human Actions

As noted above, pre-initiator restoration faults were quantified using the ASEP method The quanufication

process appeared to follow the method as documented and the resulting HEPs were reasonable Plant-specific

recovenies (PSFs) were appropriately considered, ¢ g, post-maintenance tests etc Some faurly low HEPs

(3.0E-6) were found in the tables documenting the analys:s, ¢ g, Table 10-1, but these values reflected cases
cations regarding the restoration fault would be

restoratuon errors that could affect components in more than one system were not quantified and this
approach was appropriately Justified on the basis of plant practices

The common cause miscalibrations were calcutated using & method based on THERP in the response to the
NRCs RAI the Big Rock Point hcensee provided examples of the calculations of common cause
muscalibratzon HEPs and addressed why the range of HEPs was large, e g, 7. 5E-2 10 2.7E-6 Apparently
some instruments are cali* -ated only using “data sheets” which documents the “as-found, as-left conditions”
of the nstrument, but do not provide detailed work instructions. The skill and knowledge of the 1&C
technicians are relied upon for these events Thus, the resulting 7.5E-2 common cause HEPs. When detailed
procedures must be followed. along with appropriate checks and sign-offs, lower HEPs are reasonably
obtained The general application of THERP appeared reasonabie, as did the treatment of dependencies
8cross simular instruments etc. While complete dependence across simular instruments was not assumed, at
ieast some level of dependency was assumed and treated with appropnate THERP equations

2.3.2 Post-Initiator Human Actions

Post-imtiator human actions are those required in response to itiating events or rclated system failures
Although different labels are often applied, there are two important types of post-initiator human actions that
are usually addressed in PRAs response actions and recovery actions Response actions are generally
distinguished from recovery actions in that response actions are usually explicitly directed by emergency
operating procedures (EQPs) Alternatively, recovery actions are usually performed in order to recover a
specific system in time to prevent undesired consequences Recovery actions may entail gomng beyond EQP
directives and using systems in relatively unusual ways Credit for recovery actions 1s normally not taken
unless at leas: some procedural guidance 15 available

The review of the human reliability analysis (HRA) portion of the [PE determines the types of post-initiator
human actions considered by the licensee and evaluates the processes used to identify and select, screen, and
quantify the post-initiator actions The licensees treatment of Operator action iming, dependencies among

human actions, consideration of accident context, and consideration of plant-specific PSFs is also examine]

2.3.2.1 Types of Post-Initistor Human Actions Considered

The Big Rock Point IPE acknowledges both response and recovery type post-inttiator human actions
However, post-initiator actions were modeled only when clear procedural gudance (normal, abnormal, or
emergency procedures) existed for the operator and repair activities were apparently not credited In addition,




the same methods were used to quantify all post-initiator actions Thus, the distinction between the two types
of events was not really relevant for the Big Rock Point IPE

2.3.2.1 Process for identification and Selection of Post-!nitiator Human Actions

In the response to the NRCs RAI the licensee indicates that there are some inaccurzcies in section 4 of the
submuttal (method and approach). It is stated that section 4 was included to “address the reporting guidelines
that required a concise descripton of the major tasks and methodology™ and that “the intent from the BRP's
PRA staff perspective was to provide an overview for plant personnel on how nsk assessments were
assembled " The licensee further states that “consequently several sections include boilerplate . that should
have been edited after completion of the study ” Given this assertion, it cannot be exactly determuned how
the post-initiator actions were identified and selected Nevertheless, the process was apparently keyed to the
plant response scenanos. Documentation from the submuttal and the response to the RAI indicates that
procedures were reviewed, appropnate personnel reviewed the models, interviews with operators and tramng
personnel were held, and simulator exercises were conducted  The subriuttal also indicated that the “Control
Room Design Review” was reviewed for human factors considerations and that a plant tour included locations
outside the control room where operators actions would take place. Thus, reasonable steps were taken that
would help ensure appropnate actions were identified and modeled.

In addition, 1t was also stated in the submuttal that in most cases, “dynamuc and recovery operator actions were
not included in the fault tree ard event tree models unless dictated by the models™ Thus, many of the
operator actions were included dunng “recovery” and could have been identified at that time.

2.3.2.3 Screening Process for Post-Initiator Response Actions

As noted above, in most cases, “dynamic and recovery operator actions were not included in the fault tree and
event tree models ™ In addition, “all event wree sequences were solved with the initiating events set to 1.0 and
a truncation limut of 1 0E-9" and “ where it was mnitially recognized that resulting sequences may contain
multiple operator actions, the HEPs were initially set to 10" After the uutial quantification and when
quanufied operator actions were first included, the nomunal ASEP HRA method was applied to all post-
initiator_ human actions. Where important sequences contained multiple operator actions, the actions were
analyzed to determune the dependencies between the HEPs. The HEPs obtained using the ASEP method are
known to be somewhat conservative and from the Licensees perspective, use of ASEP provided a faurly
detailed screening approach. After the sequences were quantified with the ASEP values, operator actions
identified as potentially being important were re-analyzed using the THERP methodology. All the actions
re-analyzed had a Bimbaum importance greater than 1.0E-6. (The submuttal notes that no latent human
actions had a Birnbaum greater than this, so none of them were re-analyzed).

2.3.2 4 Quantification of Post-Initiator Human Actions

The application of the ASEP method to each event that did not receive quantification with THERP was
documented in the submittal in Appendix C. The described derivation of the HEPs closely followed ASEP
and scemed thorough and reasonable. Appendix C also documents the application of THERP to each of
thirteen events identified #c potentially important. While in many cases the application of THERP was also
reasonable, there were several events for which the quantification process did not seem appropriate. It is
thought that the resulting HEPs should be considered optumistic and that the use of such values for these
events is 2 weakness of the HRA The problem anises through the licensee’s use of HEP values from the
“arunciator response model” (Table 20-13 or Table 11-13 from THERP) in situations where very limited
time (less than 10 minutes) is available for the operator action. While it can be argued that the HEPs from
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this model are acceptable when substantial time (greater than 30 munutes) 1s available for the operators to
determine the relevant actions and when the operators need only respond to the existence of an annunciator
in the control room, the HEPs from this model do not reflect the impact of time on the likelihood of success.
Thus, this model will unaeresumate HEPs for short time frame scenarios relative to the ASEP/THERP tume-
reliability diagnosis model

The events of mterest include the following

i) Operlm(nltomunthefecdwuupmp(FW-PM-PBSRT-POlC)aﬁeumpmlLOCA scenano.
Only 6 minutes are assumed available for diagnosis and the value used by the licensee for responding
to the annunciator is 0.001, with the total HEP equal to 0.0046. The “best case” HEP from use of the
diagnosis model would be at least 0.02, and with the action failures added in, the total HEP would
be even higher. Moreover, there is little reason to assume that this is 2 “best case” event.

2) Operators fail to open MO-7073 & 7074 to provide make-up to the hotwell (FP-OO-MAKUP-POIC).
This actions occurs in LOCA scenarios and also requires operators to locally open valve VFP-33 (this
valve is apparently in a high radiation area of the plant) The licensee assumes that the actions only
require 3 munutes (including the one outside the control room on top of the turbine shield) and that
6 minutes are available to diagnose/respond to the “low hotwell level and alarm ” The total HEP for
this event is listed at 0.016, but the diagnosis model, along with the fact that very little time is
available for an ex-control room action in an area unshielded from containment, would be likely to
produce a failure probability of 1.0 for thus event.

3) Operators fail to trip the condensate pumps on low hotwell level (CD-HS-P9TRP-POIC) Two
minutes are assumed available for this action during a small or medium LOCA and the total HEP 1s
listed at 0.08. The diagnosis model would produce a diagnosis value alone of at least 0.5 and the total
would be close to 1.0

While the quantification of the above three events may be considered a weakness of the HRA, it cannot be
concluded that the intent of the generic letter was not met in terms of identifying vulnerabilities related to the
events. All three of the events were identified in the submittal as being relatively important in terms of
contribution to CDF and a sensitivity analysis indicated that substantial increases in CDF would not be
expected if the events were set to fail. Therefore, potential vulnerabilities related to these events were not
overlooked. As noted above, the quantifcation of the remaining events was acceptable and as will be
discussed below, other aspects of the HRA were generally done well.

23241 Estimates and Consideration of Operator Response Time

The determination of the time available for operators to diagnose and perform event related actions is 2
critical aspect of HRA methods. In the licensee’s discussion of the application of HRA methods, it appears
that appropriate timing parameters were considered The temporal occurrence of control room indicators
weumﬁdaedindmminingtheavlﬂlbleﬁmemdinmonmm(fanoepﬁommmz.&z.d.
abon)dnimpmofﬁmemopuﬂadiamumuppmpﬁﬂdymﬁdaed.mmﬂy MAAP runs were
usedtodeminednhmtﬁmuopumwﬁweaﬂdbecompmGmﬂguidmﬁomASEPwu
used in determinung other relevant times. Ir addition, the licensee states that walkdowns for important local
wﬁmmnm&nhngﬂommﬁmh&dhm,mﬁmﬂfm.mﬂndmh,lmdmof
indicators etc. Ammptionsofwaihblemdrequiredﬁmumdownmwdinmembmw
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23242 Orher Performance Shaping Factory Considered

PSFs addressed in the application of ASEP and THERP included traiming, practice duning sumulator tramning,
and whether the event was covered in the EOPs  In addition, the existence of wntten procedures for
conducting the action, whether the procedural actions were step-by-step or dynamuc, stress level, and size of
crew and time available for recovery credit were considered These PSFs are those normally considered in
applying the ASEP and THERP methodologies In addition, the “control room design review” was reviewed
for any additional human factors issues that should be considered and simulator exercises were observed to
verify assumptions made during the HRA A reasonable set of PSFs were apparently considered.

While the submittal states that environmental factors for local operator actions were considered, no explicit
discussion of the potential impact of hugh radiation near equipment to be manipulated by operators was
provided Radiation could be 1 concemn at Big Rock Point due to the lack of concrete shieiding in
containment. In response to a question on this topic in the NRCs RAL the licensee indicated that no operator
actions were credited after core damage They then discussed three of the mine level 1| human action events
which required actions outside the control. For one of the actions, which involved aligning the fire system
for makeup to the hotwell, they note that a valve on top of the turbine shield has to opened and that “thus area
of the plant 1s not shielded from containment” The licensee then states that “as a result a very short time
frame is conservatively assumed to complete this action ” Presumably this statement means that the person
performing this action will only be there for a short time They clearly do not assume that there is time for
an individual to put on protective clothing, but they do note that high stress was assumed for thus event. Thus,
the tmpact of radiation i1s apparently factored in to the HRA by assuming high stress. Additional information
regarding specifics of a particular event would be needed to determine whether or not such treatment 1s
adequate.

23243 Consideration of Dependencies

Two basic types of dependencies are normally considered in quantifying post-initiator human actions: 1) time
dependence and 2) dependencies between multiple actions in a sequence or cut set. One type of time
dependence is concerned with the fact that the time needed to perform an action influences the time available
to recognize that a problem has occurred and to diagnose the need for an action. This type of time
dependence was treated in using the ASEP and THERP quantification approaches

Another aspect of time dependence 1s that when sequential actions are considered, the time to complete one
action will impact the time available to complete another. Similarly, the sooner one action is performed, the
slower or quicker the condition of the plant changes This type of ime dependence is normally addressed
by making conservative assumptions with respect to accident sequence definitions. One aspect of this
approach 1s to let the timing of the first action in a sequence utially minimize the time window for
subsequent actions. The occurrence of cues for later actions are then used as new time ongins. The Big Rock
Point submittal indicates that evaluation of such iming factors occurred, but details were not provided.

The second type of dependence considers the extent to which the failure probabilities of multiple human
actions within a sequence or cutset are related. There are clearly cases where the context of the accident and
the pattern of successes and frilure can influence the probability of human error. Thus, in many cases it would
Muwmmmw@kmmmmammmuwn
Furthermore, context effects should be examined even for single actions in a cut set. While the same basic
action can be asked in @ number of different sequences, different contexts can obviously lead to different
likelthoods of success
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Several discussions in the submuttal indicate that potentiai dependencies among the operator actions were
appropnately cousidered. in the imtial analyses, multiple events in a sequence were set to 1.0. However, the

submuttal also states that except for two inscances, sequences with multiple actions were only credited with
one action (see page 10-14). All the remairung actions were left at 1.0

23244 Quantification of Recovery Type Actions

As noted above, all post-imtiator human actions were quantified using the same methods. Only actions
directed by procedure were included and repair activities were not credited.

23245 Human Actions in the Flooding Analysis
Eleven human actions were incorporated into the Big Rock Point flooding analysis (p. 7.1.6-11).

The eleven actions were also modeled in the overall internal events analysis, and while the flooding context
etc appeared to have been examined, the HEPs used were the same as those used in the overall internal events
analysis.

23246 Human Actions in the Level 2 Analysis
No operator actions were credited in the level 2 analysis

2.3.2.5 Important Human Actions

The Big Rock Point IPE provided a list of important human actions as determined on the basis of a Fussel-
Vesely and Birnbaum measures. Events identified with a Bimbaum greater than 1 0E-6 were included in the
table in the submittal The events, their Fussel-Vesely and Bimbaum values, and their HEPs are presented
below in Table 8. As discussed above, the HEPs for at least three of the events listed must be considered
optumistic

2.4 Back End Technical Review

2.4.1 Containment Analysis/Characterization
24.1.1 Frount-end Back-end Dependencies

The interfaces between the front-end and back-end analyses are provided in the [PE by the definition of 18
key plant damage states (KPDSs) An event tree structure (called plant damage event tree in the IPE
submittal), which includes containment conditions and containment system status as headings, is attached to
the Level | event trees to determine the frequencies of the Plant damage states (PDSs) Based on their effects
on Level 2 accident progression, these PDSs are then grouped to KPDSs to be used as the initiating events
for containment event tree (CET) analysis The contamment parameters used in the [PE to define the PDSs
nclude:

Containment bypass,

Containment leakage,
Enclosure spray system status,
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Pool of water in containment, and
Inventory makeup available after vessel penetration

The PDSs ure defined by combining the containment states defined by the above parameters and the accident
sequence subclasses (which are groups of Level | accident sequences). In the BRP IPE there are 16 accident
sequence subclasses and 12 possible containment state definitions for each subclass. This yield a total of 192
PDSs, of which 83 are reported in the IPE with non-zero frequencies (response to RAI Level 2 Question 1),
The 83 PDSs are grouped to 18 KPDSs for CET quantification.

The leading PDS (54% of total CDF) 1s represented by low pressure LOCA sequences with a pool of water
wn the containment before and after vessel penetration and the enclosure spray available This is followed by
8 t-ansient PDS with low reactor pressure, wath a pool of water before vessel penetration, but with enclosure
spray not available (10%), and another LOCA PDS with high reactor pressure (defined in the IPE as greater
than 200 psig), with a pool of water and with the enclosure spray available (9%).

Other PDSs that are of interest to contamnment performance are those associated with containment failures.
In the BRP IPE, containment integnty can be lost before vessel failure by overpressure, isolation failure, and
bypass PDSs which involve containment overpressure failure constitute about 4% of total CDF. The
domuriant PDS for thus class 1s an ATWS PDS with both core injection and enclosure spray available.

PDSs with containment leakage contribute about 0.5 % to the total CDF. Containment leakage in the BRP
IPE 1s a result of containment isolation failure However, according to the IPE submittal, the main contributor
to containment isolation failure for BRP 1s leakage as opposed to failure of isolation vaive closure.
Components such as the air locks and the vent valves make up the majonity of containment leakage The
leakage probabilities used in the IPE quantification are determined from actual plant leak test data

PDSs with containment bypass contribute about 1.5% to the total CDF. Containment bypass comes from
either the level | bypass sequences or failure of the containment isolation valves that are connected directly
to the reactor to close. Of the bypass PDSs, the contribution from the Level | bypass sequences is small (less
than 0.1%) Although over 70% of the BRP sequences are LOCA sequences, the leading contributor to
bypass PDSs 1s from transient sequences (about 1%). Thus, according to the IPE, 1s because the main steam
isolation valve is required in some transient sequences to terminate the event, and failure to 1solate the main
steam line results in direct containment bypass.

In summary, for the BRP PDSs, the probability of successful containment 1solation is about 94%, containment

failure is about 4%, containment 1solation failure is about 0.5%, and containment bypass is about
1.5% The PDSs defined in the BRP IPE are of sufficient detail to provide a proper account of the front-end
and back-end dependencies and adequate information for back-end accident progression analysis. Although
the PDSs of vanous containment conditions are grouped to the same KPDS, the information 1s captured in
CET quantification by CET headings for containment conditions.
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Table 8 Important Human Actions

- a Human Error

Event Description F-V Birnbaum Probability (HEP)
Operator fails to line up RDS for pressure control 7 0E-00 3 59E-05 1.50E-01
using EIP-4 (RD-00-PCNTL-POIC)
Operator fails to tnp the condensate pumps on low 7.23E-02 4 B4E-05 8 00E-02
hotwell level (CD-HS-P9TRP-POIC)
Operator fails to tnp the recirculation pumps 6.72E-02 7.20E-05 3.00E-00
duning an ATWS and istiate LPS (L1-00-INJ2-
POIC)
Control Room operator fails to scram the reactor 4 80E-02 4 28E-03 6 00E-04
during a steam line break (RP-RX-VSSLB-POIC)
Operator fails to open MO-7073 & 7074 to provide 1 45E-02 4 84E-05 1. 60E-02
makeup to the hotweil (FP-00-MAKUP-POIC)
Operator fails to align the post incident system, per 1 0E-02 6 47E-03 8 30E-05
SOP-8, following a LOCA (P1-OO-PISYS-POIC)
Operator fails to manual open core spray valves 6 47E-03 5. 58E-05 6.20E-03
during an SLB (CS-MV-CSVLV-POIC)
Operator faiis to restart feedwater pump (FW-PM- S 89E-03 6 85E-05 4 60E-03
P8SRT-POIC)
Operator “ails to open the emergency condenser 5.07E-03 2.70E-05 3.70E-02
outlet valves (EC-MV-ECOUT-POIC)
Operator fails to isolate TBV warm-up line on 2 65E-03 ?7.09E-05 1.30E-02
steam seal leak (MS-00-ISOLT-POIC)
Operator fails to start SDG (standby diesel 3.26E-04 7 98E-06 8 80E-03
generator) from local control panel (EP-GE-SDG-
POOC)
Operator fails to trip the recirculation pumps 287E-O04or | 754E-06 6.10E-02
during an ATWS and imtiate LPS (LI-OO-INJ2- 6.70E-02
POIC)
Operator fails to provide make-up from fire 2.74E-04 7.73E-04 8.50E-05
protection system via SV-4947 (EM-KV-4947-
POIC)
Operator fails to back up automatic reactor scram 7 80E-05 7.50E-05 | 5.00E-03

(RP-RX-MANUL-POIC)




24.1.2 Containment Event Tree Development

Probability quantfication of severe aucident progression 1s performed in the IPE by the use of containment
event trees (CETs). The development of the CETs 1s discussed 1 Sections 12.5 of the IPE submuttal The
CETs includes the following top eveats.

Key plant damage state (KPDS),

Containment bypass,

Containment leakage,

Early contsinment failure,

Enclosur. . yray (i.¢., containment spray) available,
Ex-vessel debns coolability,

Late containment failure.

Figures 12 8-2 through 12.8-16 of the submittal show the CETs used in the [PE to determine the containmen:!
failure modes for the various KPDSs. It is noted that some of the parameters used in the CETs are also used
in the definition of the PDSs (i.c., containment bypass, containment leakage, and enclosure spray status).
They are included in the CETs because their status, although defined in the PDS, is lost in the KPDS in the
binning process. In the BRP IPE, the binning of the PDSs to the KPDSs 1s based on their effect on
containment accident progression, not on containment status. As a result, PDSs with vanous containment
integrity and containment system status, but with similar effect on containment accident progression, are
grouped to the same KPDS. Although the data related to these parameters are lost in the KPDS definition,
they are recovered in CET quantification. The split fractions used in CET quantification for these parameters
are obtained from the Gata obtained in PDS defimition In general, the CETs developed in the BRP IPE are
well structured and easy to understand. The top events of the CET cover the umportant issues that determune
the RCS integrity, containment response, and eventual release from the containment.

Fault trees are vsed in the IPE to quantify the top events of the CETs. The fault trees used in CET
quantification are very detailed and address all phenomena and systems important to Level 2 accident
progression. The quantfication of the CETs is based on review of industry litecature and plant-specific
analyses using the MAAP-BRP code. In ger.eral, the quantification process used in the [PE is sysiematic and
traceable Although the values assigned in the [PE seem adequate, their adequacy cannot be verified in this
technical evaluation report because of the limited scope of this evaluation. Some items that aie of interest are
discussed in the following

Containment Bypass

Contamnment bypass is a PDS parameter The results of the PDS event iree quantification are used to develop
theevcmmesplitfncﬁonforthisCEThuding.lnth:BRPIPE,Avaydaaﬂedfaﬂtmemis
Whhwﬁﬁuﬁmofmwm.vammwwtmwmm
fwluumcimdwithmisduﬁonfaﬂmof:hepmemhnuthncowwthcpmnnymwm.'n\cfailun
estimates of the basic events in the fault tree are determined by a combination of plant-specific and genenic
anmﬂnofmeIPEmdysnMMﬂummmwmimbypmfnﬂmforBRPismin
steam isolation valve (MSIV) failure.

Thefﬂmofmm(EC)mbuumemmnwe.m&hmM

mmmmﬁfaBWmemmm,nmelek&ﬂmm&forBRP.
‘nnsnbuedond:ceonsidcnﬁonoftheECmbedwgnchnnaeristics,thcfactthnbothinleundouuctEC
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valves could isolate a failed tube, and that low RPV pressure events (1e, LOCAs) constitute the larges
fraction of the BRP core damage sequences (The licensee's response to RAI Level 2 Question 3)

Containment Leakage

Similar to contammment bypass, containment ieakage is also a PDS parameter. The results of the PDS event
tree quantification are used to develop the event tree sphit fraction for thus CET heading. In the BRP IPE, A
very detailed fault tree structure i1s developed for the quanuficaion of containment leakage The BRP
containment eakage fault tree includes those faults associated with an isolation failure of the penetrations
that connect to the containment atmosphere. The failure estimates of the basic events in the fault tree are
determined by a combination of plant-specific and generic data. Results of the IPE analysis show that door
seals and vent valve leakage contribute over 90% to the total failure probability. For the containment access
locks potential failures considered i the IPE include leakage past one door with the other door open or
leakage past both ciosed doors

In the PDS definition, containment overpressure failure (before vessel penetration) in an ATWS event 1s
included in the contanment leakage PDS It 1s assumed in the IPE that failure to insert negative reactivity and
continued RPV makeup will pressurize the containment 10 its pressure capability over the course of an hour

Early Containment Failure

Early containment fauure is defined in the BRP IPE as that which occurs at or shortly after vessel breach ime.
Key phenomena evaluated in the IPE include direct containment heating (DCH), energetic fuel/coolant
interaction, and early hydrogen deflagration/detonation

The probability of containment failure due to DCH is evaluated in the IPE by a decomposition event tree
(DET) with the consideration of the RPV pressure at vessel failure, the containment pressure pror to vessel
failure, the mode of RPV failure, the debris mass expelled from the RFV at vessel failure, the debns
entrainment time, the fraction of debns fragmented and transported to the recirculation pump room,
unoxidized Zirconum fraction in the debris, and peak containment pressure following RPV failure The
containment failure probability is then determined by companng the containment pressure load with the
containment fragility curve According to the results presented in the IPE, containment failure probabilities
for DCH vary from 2 3E-3 to 2 8E-1 for the various conditions described by the above parameters (Figure
12.4 1-] of the submuttal)

The potential failure modes for fuel coolant interaction considered in the IPE include those from (1) the
transmission of a shock wave through water to the structure such as the reactor pedestal, (2) the impulse load
from the shock wave through the containment air space, and “3) the loading by slugs of water propelled into
containment structures In-vessel steam explosions are considered highly improbable for BWRs, and are thus
not considered in the BRP IPE.

Forhydrogen,atwompappmwhismedinlheIPEminvemptehydmgcnmnwmsintheBRP
conuinmmt.mﬁmummmmdmmmidmtmﬂymumw-BRPwde,mddwmndm
involves pumngabomdingmeeofhydmgminxothemclosmroomofthccunnmmtmdevdumm
mmmmwmmw-anw‘mmmmmw
minlﬂmgimmmﬂbelowthedamﬁonmuhold.EadyflilmoftheBRPconmnmt
ductobychogcncombusﬁonujudgedintheinthei?Etobcofvuylawlikchhood(-lE—B).
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Based on the description provided in the BRP IPE submuttal, all the important ecarly containment failure
modes discussed in NUREG-1335 are addressed in the [PE. Quantification of containment failure for the
failure modes is based on data available in the literature and plant-specific results from MAAP-BRP code
calculations Although the probability of early contanment failure from DCH can be high (e.g., 2. 8E-2) under
certain unlikely conditions, the probabilities of early containment failure from all early failure mechanisms
vary from 0.002 to 0.006 in the BRP IPE (Figures 128-2 to 12.8-15) Considening the large containment
volumetoﬂmmlpowuhoandthcmmgthofuwwnumt,mwmmwbemablc.

Debris Coolability and Late Containment Failure

In the BRP contaiament therc is a 3 foot deep valve pit located in the center of the BRP CRD room, beneath
the reactor vessel This sump area has a cross section of 42 square feet and a volume of 126 cubic feet, and
will collect core debris should a core damage accident progress to the point of vessel breach. A bounding
calculation provided in the IPE submuttal shows that the entire BRP core can be held within the CRD room
sump with a total depth of 1.6 feet (50 cm). In the BRP [PE the probability of debns coolability (with water)
is assigned a value of 0.5 for low pressure core melt scenanos and 0.9 for kigh pressure scenanios. However,
It is assumed in the IPE that containment failure by basemat melt-through will not occur even if the debns
1s not coolable

Debris coolability, as one of the sensitivity issues, is analyzed in the IPE by the MAAP-BRP code The
following phenomena that are related to debris coolability are discussed in the sensitivity analysis: non-
condensable gas generation, debris cooling in the sump, concrete attack, and containment debns spreading.
According to the sensitivity analysis, concrete attack depth in “dry” cases, or in cases with very limited debnis
to water heat transfer coefficients, would be unlikely to lead to basemat failure in any reasonable length of
time (¢.g., 8 36 hour mussion time used in the BRP IPE). For BRP there is approximately 10 feet of concrete
below the CRD room sump.

Late containment failure is a CET top event. The fault tree used in the IPE to determine the probability of
late containment failure include two bas.c events: One involves long term high containment pressure failure
and the other involves long term high containment temperature failure. According to the containment event
trees (Figures 12 8-2 to 12 8-15), the probability of late contanment failure is assigned a value of 1E-4 for
all KPDSs. The probability of late containment failure for BRP is small because of the large containment
volume and the use of a 36 hours mission time (licensee's response to RAI Level 2 Question 9).

In-Vessel Recovery and Fill-the-Ball Procedure

In the BRP EOPs, “Fill-the-Ball” is used to provide water to the containment structure for reactor vessel heat
removal i the event of a post incident system (for long term heat removal) failure. The fill-the-ball strategy
will incorporate any available makeup system to provide continued water supply for heat removal. This will
result in the submergence of the reactor vessel and cooling of the core debris in the lower head of the vessel
Vessel failure may be prevented by this cooling mechanism. However, because of the uncertainties associated
wahmmmicnmmummwsumwuwmmmmmm
prevent vessel failure. Although failure is always assumed to occur it is incorporated into the LOCA event
trees in the IPE as a potential mitigative action. Its effect on containment pressure, temperature and
environmental fission product release is investigated in the [PE in the sensitivity analysis.
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2.4.1.3 Containment Failure Modes and Timing

The BRP containment ulumate strength evalustion is described in Section 12.3 of the IPE submittal The
ulumate containment failure pressure for the BRP IPE 1s estimated by plant-specific analysis and results are
compared with that obtained in the IDCOR report for the GE Standard Mark 1] containments The median
pressure capacity obtained in the BRP IPE (79 psig) is the average between the service Level C pressure and
the pressure based on the ulumate tensile stress The containment failure pressure distribution (1¢, the
fragility curve) 1s assumed to be a normal distribution with a coefficient of variation of 13 psi. Thus 1s based
on the consideration of both the uncertainties involved in material st ength and moxicling The denvation of
the containment fragility curve for BRP seems to be adequate and the results seem to be consistent with those
obtained in other IPEs

2.4.1.4 Containment Isolation Failure

Two failure modes are considered in the BRP IPE for the containment isolation systems - bypass and leakage
Fault trees are used in the IPE to evaluate the probabiliies of these two failure modes The containment
bypass tree includs those faults associated with an isolation failure of the process lines that connect to the
primary system, and the containment lcakage tree deals with the penetrations that connect to the containment
atmosphere  According to the descriptions provided in the IPE submuttal and the licensee’s response to the
RAI (Level 2 Question 5), all five areas identified in the Generic Letter regarding the evaluation of
containrient 1solation failure are addressed in the IPE

2.4.1.5 System/Human Responses
No recovery actions are credited in the Level 2 analysis of the BRP IPE
2.4.1.6 Radionuclide Release Characterization

Radionuclide release categories are discussed in Section 12 6 of the IPE submittal The CET end states are
grouped to release categones based on the following parameters

Timung of release,

Early -- Less than 6 hours from accident initiation.

Intermediate -- Greater than or equal to 6 hours, but less than 24 hours,

Late -- Greater than or equal to 24 hours, *
Total quantity of fission products released,

High -- A release of sufficient magnitude to cause near-term health effects. greater than 20% Csl
release fraction,

Moderate -- A release with the potential for latent health effects, between 10% to 20% Csl release
fraction,

Moderate-Low - A release with munor health effects, between 1% to 10% Cs! release fraction,

Low - A release with the potenual for minor health effects,, between 0.1% to 1% Csl release fraction,
Low-Low -- A release that is less than or equal to containment design base leakage resulting in no
health effects, less than 0.1% Csl release fraction

According to the [PE submittal, the definition of release timing is based upon past experience with offsite
responses. Emergency Action Level 1s considered in the definition. The time to the declaration of a General
Emergency is estimated in the [PE to be about ] hour or less for most accidents




The classification of the release magnitude 1s based on the review of existing consequence analyses performed
in previous IDCOR studies, PRAs, and NRC studies containing detailed consequence modeling Based on
the review, the release fraction of Csl is used in the IPE for release magnitude classification It 1s used
because it correlates well with the predicted latent effect and shows a thweshold value for predicted early
fatalities in previous consequence analyses

The use of the above classification method results in fifteen source term release categones. A senes of
MAAP-BRP calculations were performed in the BRP IPE to assign the proper source term category to the
CET end states The MAAP-BRP calculations usually terminated at 36 hours after vessel failure. Since
containment failure in BRP 1s primarily due to bypass or leakage prior to vessel failure, which, according to
MAAP-BRP calculations, occurs before 6 hours, the release timing for the contzinment failure cases for BRP
1s primarnily carly

Although there are 15 possible release categones, the CET quantification results show only 5 release
categories with non-zero frequencies (Figure 12 8-17 of the submuttal) Besides a no containment failure
category, all the other release categones involve early releases The conditional probability for the no-
containment-failure category is about 94% The next release category, which contributes about 4% to total
CDF, has a Csl release fraction 0.1% to 1% It is primarily from ATWS and LOCA scquences with enclosure
spray available The release category that has high Csl release (1.¢, greater than 20% release fraction)
contributes about 1.5% to the total CDF. It is mostly from containment bypass sequences in which the
enclosure spray and any water collected in the sump provide no benefit in limiting the source teria severity

Except for the release fractions of Csl, which is used in the IPE for source term classification, the release
fractions of other fission product categories (¢ g, Te and Sr), are not provided in the IPE submittal
Additionally, only ranges of Cs releases (¢.g., between 0.1% to 1%) are provided in the IPE submuttal for the
various source terms This seems to be sufficient to provide a general characterization of the BRP
containment performance in a severe accident, but 1s not sufficient for a detailed consequence analysis. Since
MAAP-BRP code calculations were performed in the IPE for selected sequeaces, the release fractions for
other fission products categones, although not reported in the submittal, were available from the MAAP-BRP
calculation results

The discussion of source term classification provided in the IPE submuttal is detailed and reasonable. The
grouping of the CET end states to source term release categones also seems reasonable. However, besides
Csl, the release fractions of other radionuclide groups are not reported in the IPE submuttal

2.4.2 Accident Progression and Containment Performance Analysis
2.4.2.1 Severe Accident Progression

In the BRP IPE, a modified version of the MAAP 3 OB code (MAAP-BRP) was used in evaluating the reactor
pmsmevmmwmmmmmmmmmmm. MAAP-BRP
is based on the version of the MAAP code developed by the Department of Energy’s Advanced Reactor
Severe Accident Program, in corporation with General Electric, for the GE Simplified BWR (SBWR). Table
12.7.1-1 of the IPE submittal shows the MAAP-BRP calculation results for 29 cases. The key plant conditions
considered in the selection of the MAAP-BRP cases include: containment bypass, contsinment isolation, carly
f:ﬂmofmmwdmmmmumlfaum.omnmmys,cx-mldebm
coolability, late containment failure, and reactor pressure.
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The sequences selected for source term analyses and the source terms definition used in the IPE seem to be

adequate

2.4.2.2 Dominant Contributors: Consistency with IPE Insights

Radionuclide release categones (or containment failure modes) and their frequencies obtained from the BRP
CET quantification are discussed in Section 12 8 of the submitta:. Table 9, below, shows a companson of the
conditional probabilities for the vanous containment failure modes obtained from the BRP IPE with those
obtained from the Surry and Zion NUREG- 1150 analyses.

Table 9 Containment Failure as a Percentage of Total CDF

| Containment Failure Surry Zion
| Mode S NUREG-1150_| NUREG-1150 |

| Early Failure 42 0.7 14

Late Failure - 59 240

| Bypass 15 12.2 07
Isolation Failure il " o

++ The data presented for BRP are based on Figure 12 8-17 of the [PE submuttal

+++  Late containment failure 1s assigned a probability of 1E-4 in the CETs presented in the [PE submittal However,
results presented in Figure 128-17 shows & zero probability for late failure The negligible late failure
probability 1s due 1o the large containment volume and the use of a 36 hour (after vessel failure) mussion time

» Included in Early Failure, approximately 0 02%

i Included in Early Failure, approximately 0.5%

***  Included in Early Failure Of the 4.2% probability of early failure about 0.5% 1s from leaks through penetrations

As shown in the above table, the conditional probability of containment bypass for BRP 1§ 1.5% of total CDF.
Of the 1.5% bypass probability, only 0 06% comes from Level | bypass sequences (i.c., ISLOCA), and the
majority 15 from failure to isolated the process lines that connect to the primary system. Although LOCA is
the dominant contributor to total plant CDF, the main contributors to this failure mode are transients (0 8%
of CDF) This is because MSIV closure is required in some transient sequences to terminate the event, and
failure to isolate the MSIV results in direct containment bypass.

The conditional probability of early containment failure for BRP is about 4.2% (of total CDF). The leading
contributor to this failure mode is containment overpressure failure before vessel breach in ATWS events
(3.5% CDF). This is followed by leakage through containment penetrations (0.5%), mostly from leakage
mrmghvemvdvumddoam.mmmnpmaﬁmhlhsempﬁmuﬂyﬁomLOCA(abm
80% of leakage cases) and transient sequences (about 20% of leakage cases).

Bmueofthclugemnmmtvolmmdthemofa36hommiuiontime,wnmnmentfnﬂmbymc
wg&cmumxlhwhmdlmg-mmmﬁuﬁmmdwmnmhkdynBR?



24.2.3 Characterization of Containment Performance

As shown in Table 9, for Big Rock Point Plant, the core damage frequency (CDF) 1s lower than that obtained
in NUREG- 1150 for Zion and Surry Although the containment volume to thermal power ratio is much larger
for BRP than for Zion and Surry, the conditional probability of early containment failure for BRP 1s greater
than that for Zion and Surry. The major contributor to early containment failure for BRP is not from energetic
event associated with HPME or hydrogen burn but from the steam generated duning ATWS events and
leakage through containment penetrations. This may be partially attributed to the use of a BWR (for 2 more
severe ATWS load) and the accessibility of the containment during normal operation for BRP (for more
severe leakage cases)

ﬂwmhnmumofcommmbypnsfmﬂkl’unwdxffmmmthoseforPWRssmthAonmd
Surry. SGTR, which i1s an important bypass failure mode for PWRs, unonmpmmtfotBRP The major
contributor to containment bypass in BRP 1s the fallwe to isolated the processing lines conntet>d to the
pnmary system, primanly the lack of isolation of the MSIV

The C-Matnix, which shows the conditional probabilities of release categories (or containment failure modes)
for the plant damage states (or KPDSs), can be obtained from the data presented in Figures 12.6-18 and 12 8-
19 of the submuttal

2.4.2.4 Impact on Equipment Behavior

The enclosure spray 1s a system that is considered in the CET quantification. Containment fan coolers that
are not intended to perform a safety function and are i1solated upon a containment isolation signal at BRP they
are not credited in the IPE The availability of enclosure spray 1s determined in PDS definition and its
availability in CET quantification is primarily based on PDS defiution. As a result, the effects of harsh
environmental conditions on the operation of enclosure spray are not addressed in CET quantification. This
is not a serious problem because the probability of long term containment failure is negligible. The primary
effect of the enclosure spray in the BRP IPE is the scrubbing of fission products in the early failure cases
Since the spray pumps are located outside the containment the effects of harsh environmental conditions on
its operation do not seem important

2.4.2.5 Uncertainties and Sensitivity Analysis

Sensitivity studies for Level 2 analyses are discussed in Section 13.7 of the IPE submittal. The uncertainties
were, in general, addressed quantitatively in the BRP IPE, using determunistic methods, and MAAP-BRP was
selected to perform plant specific evaluations. The sensitivity studies provided in the IPE submuttal address
the uncertainties associated with the following phenomena:

Coremltpmpmimnmmlofmiduldebﬁnnm’v,
In-vessel hydrogen generation -- core blockage,

RPV pressure at vessel failure,

Debris coolability,

2AfnluremodeinBRPtlmu.simillnothnofSGTRfaPWRsisthntnsocwedwithcmepmpmof
the emergency condenser tubes It is not important for BRP
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Containment failure mode (size, locstion, and type), and
Containment flooding sensitivity

The selection of the above issues for sensitivity analyses is based on the consideration of the sensitivity 1ssues
raised by NRC and the industry (¢ g, the EPRI recommendations)

As discussed above, the sensitivity studies performed w the 1% 1"/ wre determunistic sensitivity studies
The sensitivity studies were performeu U+ varying some iiA AP paraineter values from their base case values
and analyzing the differences in MAAP calculation results. The effects of uncertainties or. CET quantification
results are not addressed directly For example, 1t s not clear (from the sensitivity studies presented in the [PE
submuttal) what 1s the effect of the amount of core forced out of tne vessel (which 1s one sensitivity study
item, Section 13.731) on DCH load, and consequently, the probability of early containment failure
Although such probabilistic sensitivity studies were not discussed in Section 13.7 of the submuttal, the
uncertairties on some key containment phenomenological issues were discussed in some detail in CET
quantification. For example, early containment failure due to DCH was evaluated tn the IPE by the use of a
decomposition event trec (DET) The top events of the DET addressed the issues of significant uncertainties
for DCH. Results of the DET analyses presented in the IPE submittal show that the probabilities of early
containment failure due to DCH vary from 0.002 to 0.28 (Figure 124 1-1). The hugh value (ie, 028)
obtained in the IPE seems to be a conservative estimate and not likely to occur because of the large
containment volume to thermal power ratio and the strength of the containment

Although probabilistic sensitivity analyses are not discussed specifically in the sections addressing sensitivity
issues 1n the IPE submuttal, the accident phenomena that have significant uncertainties on containment
performance are evaluated and discussed in detail in the IPE submuttal The sensitivity studies provided in
the BRP [PE seems to have addressed the issues of significant uncertainties in the [PE analysis.

2.5 Evaluation of Decay Heat Removal and Other Safety Issues

This section of the report summarizes the review of the evaluation of Decay Heat Removal (DHR) provided
in the submuttal  Other GSIs/USls addressed in the submittal were also reviewed.

2.5.1 Evaluation of Decay Heat Removal
2.5.1.1 Examination of DHR

The IPE addresses decay heat removal (DHR). Several systems performung the DHR function are mentioned
including main condenser, feedwater, emergency condenser, reactor depressurization, low pressure injection
with the condensate system, low pressure injection with the core sprays, long term recirculation with the post
incident system and containment flooding (or fill-the-ball). CDF fractions were estimated in which these
systems had failed, as follows emergency condenser (2 9E-3), emergency condenser firewater makeup 2.6%,
ree-tor depressurization (14%), mamn condenser (7.4E-4), post incident system (17%), core spray valves
(40%), feedwater system (4 8E-3), fill-the-bal! (42%), condensate system (3 8E-3).

The unavailability of each system is shown for important initiators. Support systems are identified
Contribution of important hardware failures and important operator actions associated with the system are
calculated (Fussel-Vesely importance).
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Several human actions are identified as being important to meeting the DHR capability The actions include
latent (pre-initiators) and post-initiator actions. They include actions related to the availability of the main
condenser, fesdwater, the emergency condenser, condensate, and the post-incident system

The licensee considers this issue closed.
2.5.1.2 Diverse Means of DHR
TMIPEevdwodthednmunmforDHR.ushowninSechonZ.S.l.l above.

2.5.1.3 Unique Features of DHR

Section 1.2 of this TER describe: unique plant features, most of which are DHR features
2.8.2 Other GSIs/USIs Addressed in the Submittal

In addition to US! A-45 (DHR Evaluation) the following USIs and Gls are considered closed by the licensee
as a result of the [PE submuttal

1) USI-A43, "Containment Sump Emergency Performance”, which deals with post LOCA flow blockage
(see discussion in Section 1.2), and

2) Closure of BRP Severe Accident Management Gudelines
In addition, the IPE will be used to comply with the maintenance rule.

2.5.3 Response to CPI Program Recommendations

The CPI ruomnendmmfaPWstimndryamumtmisﬂwcvdmﬁmofoonummcatmdequipmmt
vulnerabilities to localized hydrogen combustion and the need for improvements. Although the effects of
hydrogen combustion on containment integrity are discussed in the submuttal, the CPI issue is not specifically
addressed  More detailed information on this issue is provided in the licensee’s response to the RAI (Level
2 Question 2)

Accmdmgtotheruponsc,nvadcmmnmmtwalkdowmwmwxducwdwsuppmmcuscofa
Gevsralized Containment Model (GCM) which allows the evaluation of local effect and requires detailed
containment information. Personnel involved in the walkdowns included the BRP Plant Manager, PRA staff
mcmbers,andoncoftthCdeemthm.lhewnlkdomfocundmnﬂthediﬂ'uunmodesofmm
mwmmmgmwmmm.mrummwmmammm
status through video taping and walkdowns subsequent to the IPE submuttal

Thewdunﬁmufhy&ogmmlﬁwndmbummtheBRmemmmof
thelugeemuhmauvdm,thchydropmmmtheavomummanmldmlybelO‘/oif
100% of Zircalloy is oxidized and all the steam is condensed. Potential hydrogen release locetions were also
examined in the IPE and showed that high localized hydrogen concentration is not likely to occur and that
the BRP containment will be well mixed Hydrogen detonations ars not credible for the BRP containment
Mhpmbwﬁmwmkﬂlmﬁmmmhkdywmhmmwdmem.

47



2.6 Vulnerabilities and Plant Improvements

According to the licensee. a vulnerability would be identified by answering the following questions (RAI
responses, page 5 and 6 of RAI responses, question 4 from the January 29, 1996 NRC request for additional
information)

1) Are there any new or unusual means of reaching a situation in which core damage or
containment failure would occur that had not been identified 1n previous PRAs?

Do the results of the PRA suggest that the Big Rock Point Plant would contribute to the
industry not meeting published safety goals?

Based on the above defirution, nu vulnerabilities were found It 1s stated that when compared to the newer
facilities, the large and robust containment 1s at least as effective (if not more) in limiting the potential for
significant releases following a severe accident

No plant modifications were planned as a result of the [PE. A list of plant improvements following the 1981
PRA 1s provided in the RAI responses  These improvements have already been implemented

No SBO rule related hardware changes have been implemented  Some procedural changes in response to the
SBO rule have been implemented

Several human action related improvements were discuzsed 1n the licensee's response to the RAI Not all of
these improvements were directly related 1o the results of the PRA, but were related to the process of
performung the [PE The improvements included

. Eight manual valves in the post incident system were wnodified such that they cannot be locked except
in their correct position

A contingency was provided to EOP EIP-5 to allow operators to implement containment flooding as
a Severe Accident Management (SAM) strategy

The “Control Room Design Review” performed at Big Rock Point took advantage of the dominaut
accident sequences from the 1981 PRA to perform its task analysis and resolve potential human error
deficiencies

The complement of the PRA developed fault trees was used in wnung the FORTRAN logic handlers
for the simulator at Big Rock Point As a consequence, the need to manually trip the condensate
rumps after the hotwell had emptied was identified

No other plant improvements were discussed in the [PE submuttal




3 CONTRACTOR OZS5ERVATIONS AND CONCLUSIONS

Strengths of the IPE Level | analysis are as follows: Thorough analysis of initiating events and their impact,
descriptions of the plant responses, modeiing of accident scenarios, reasonable failure data and common cause
factors employed and usage of plant specific data where possible to support the quantification of imtiating
events and component unavailabilities. The treatment of dependencics and environmental effects seems very
thorough, as does the sensitivity and importance analysis The effort seems to have been evenly distributed
across the various areas of the analysis.  The documentation is very detailed, and there seems to have been
a conscious effort to respond to the RALs to the best of the liccnsees ability.

There are some areas of concern related to the IPE but these are not expected to have a major impact on the
conclusions. In the area of mitiating event frequency, the RDS spurious opening frequency and the small
LOCA frequency seem low As far as data is concerned, data for the fire pumps seem low (corrected by a
sensitivity analysis). There are questions as to the Bayesian updating algorithm used, as unreasonable \alues
are produced for the fire pumps (the other components seem OK) The common cause failure between the
electric and diesel driven pumps is not considered, the common cause failure between the two station batteries
1s not considered. Also, the system Bimbaum importance calculation algorithm seems to break down at high
Birnbaum importance values (partially corrected by recalculating systems which seem to have a problem, per
RAI responses) (corrected Bimbaum importance values are quoted in this techmcal evaluation report) There
1s @ question as to why only pipe failures seem to be important in the flooding analysis. It 1s not clear if
maintenance induced floods and spray effects were treated properly  Finally, the documentation is sometimes
self-contradictory, and some part of it seem not to have been reviewed prior to publication.

The IPE determuined that LOCAs contribute about 80% to the CDF at BRP. The most important sequences
have failures of the post incident sysiem, the reactor depressunization system ar.d/or the core spray system
The interfacing system LOCAs and containment bypass sequences show negligible contribution to the CDF
The same can be said for the flooding scenarios. The blackout contribution is small (1%), due to existence
of the 100% load rejection capability, the emergency condenser, the ac independent makeup to the emergency
condenser and long life of the alternate shutdown battery, as well as existence of two diesel generators (albeit
with limited capability) The loss of instrument air contribution is relatively large (9%) due to its usage for
emergency condenser makeup from demineralized water, feedwater flow control, feedwater pump cooling,
and main condenser hotwell makeup. The ATWS contribution (7%) 1s governed by two opposing forces: less
time than at other BWRs is available for injection of the standby liquid control system, due to nonexistence
of a high pressure high volume ECCS system at BRP, however the SLCS at BRP is a fast acting one that
ensures subcriticality in about | min after operator actuation. The 100% bypass capability 1s not credited as
the operators have to trip the recirculation pumps in 2 very short time in order to avoid losing the feedwater
system (even though they were able to accomplish this in training exercises). Also, the trip frequency at BRP
seems to be higher than at other plants.

The BRP Level | risk profile does not look like that of a typical BWR, where blackout and ATWS usually
dominate the core damage frequency. Here LOCAs dominate, with ATWS contributing (n the absolute
sense) about the same or slightly higher CDF than most other BWRs due to the features mentioned above.
The blackout contribution is much smaller than at other BWRs, as explained above. There are several reasons
for the high LOCA contribution: a portion of pnmary pipirg is located below the level of the core, which
leads to a more severe case of LOCASs; there is paucity of high pressure (/high flow rat) makeup systems,
falmm,Mmhmewmchmmemﬁnpummumomy
low pressure system available, some important systems would be disabled by the harsh snvironments due to
LOCAs and/or steam line breaks, lack of suppression pool means that at some point recirculation must be
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brought into play tcalled the post incident system), and finally, no credit is given for fill-the-ball

proceduralized action, with its passive cooling features, if recirculation fails. On the othe: hand, it is stated
that the BRP piping 15 noi ::5jeki o the inter-granular stress corrosion cracking (IGSCC) which plagues other
BWRs; the recirculation strainers are much less vulnerable to plugging than at other BWRs; it is also claimed
that the LOCA initiating event frequencies are conservative.

The HRA review of the Big Rock Point IPE submuttal did not identify any significant problems or errors.
A viable approach was used in performing the HRA and nothing in the licensees subnuttal indicated that it
failed to meet the intent of Genenic Letter 88-20 in regards to the HRA. important elements pertinent to this
determunation include the followang:

1)

2)

3)

4)

5)

The cubmuttal indicated that utility perscanel were involved in the HRA  Procedure reviews,
discussions with operations and traiung staff, observations of simulator exercises, review of the
“control room design review”, and walkdowns of important operator actions, including local actions,
helped assurc that the IPE HRA represented the as-built, as-operated plant.

The HRA process for the Big Rock Point [PE addressed both pre-initiator actions (performed during
maintenance, test, surveillance, etc.) and post-imitiator actions (performed as part of the response to
an accident) The analysis of pre-initiator actions cons:dered both muscalibrations and restoration
faults. All pre-imtiator restoration errors were analyzed in detail (no screeming analysis) and
quantified using the ASEP HRA procedure (NUREG/CR-4772). All common cause muscalibrations
were quantified in detail using a method derived from THERP (NUREG/CR-1278). A reasonable and
thorough analysis of pre-initiator events was performed.

In general, the licensee’s analysis of post-imtiator events was performed reasonably. A detailed
“screeming”’ was performed and important human actions were given an even more detailed analysis
However, there were several events for which the quantification process did not seem appropnate It
1s though' that the resulting HEPs should be considered optimistic and that the use of such values for
these events is a weakness of the HRA. The problem anises through the licensee’s use of HEP values
from the “annunciator response model” (Table 20-13 or Table 11-13 from THERP) in situations
where very limited time 1s available for the operator action While it can be argued that the HEPs
from this model are acceptable when substantial time is available for the operators to determine the
relevant actions and when the operators need only respond to the existence of an annunciator in the
control room, the HEPs from this mode! do not reflect the impact of the time available on the
likelihood of success Thus, this model wll clearly underestimate HEPs for short time frame
scenanos and the ASEP/THERP time-reliability diagnosis model is clearly indicated in such
situations.

Plant-specific performance shaping factors (PSFs), event timing, and dependencies were apparently
appropnately considered in most instances. However, for the three events discussed above, iming was
not considered approprately. In addition, in at least one event the licensee may not have appropnately
factored in the impact of potential radiation hazard on operator performance.

A list of important human actions based on their contribution to core damage frequency was provided
in the submuttal

The IPE uses small containment event trees (CETs) for Level 2 analysis. The quantification of the CET in

the BRP IPE is based on review of industry literature and plant-specific calculations using MAAP-BRP code
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The interface between the Level | and Level 2 analyses is accomplished by the development of a set of 18
key plant damage states (KPDSs). The Level | core damage sequences are grouped in the KPDSs based on
accident types (e g, transient. LOCA, ATWS, ISLOCA), RCS pressure, and the availability of injection
systems. The CET used in the BRP IPE include 7 top events addressing containment and containment system
conditions, various modes of containment failure, and mechanisms that affect fission product release. CET
quantification is based on the data available in the industry literature and plant-specific analysis using MAAP-
BRP code. The definition of the PDSs for Level | and Level 2 interface seems adequate. The CETs used in
the [PE provide a reasonable coverage of the important back-end phenomena. The quantification of the CETs
also seems adequate.

The important points of the technical evaluation of *he BRP IPE back-end analysis are summarized below

1) The back-end portion of the IPE supplies a substantial amount of information with regards to the
subject areas identified in Genenc Letter 88-20

2) The Big Rock Point Plant IPE provides an evaluation of all phenomena of importance to severe
accident progression in accordance with Appendix | of the Generic Letter.
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