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Docket No. 50-219

Mr. John J. Barton

Vice President and Director
GPU Nuclear Corporation .
Oyster Creek Nuclear Generatin
Post Office Box 388 = -
Forked River, New Jersey 08731

Dear Wr. Barton:

SUBJECT: REVIEW OF OYSTER CREEKi UCLEAR GENERATING STATION INDIVIDUAL PLANT
EXAMINATION (IPE) SUBMITTAL (TAG'NO. H74443)

vaPU ;uc}ear Corporation s (GPUN) Oyster
~ Creek IPE for internal events and :interna od.~ The evaluation package
consists of:  a Staff Evaluation Report:(SE (Enc1osure 1); and contractor
Technical Evaluation Reports (TER») for ‘the front-end, back end, -and- human
reliability analysis reviews (Ené osure and 4).

Enclosed is the staff's. evaluati

‘met the intent of Generic
further review be conducted.
lack of treatment of pre-
cportion of the IPE which may
lons. -In addition, GPUN plans to
tion actions during its accident
the ‘need for the interconnection
*thexdrywell spray system.

Based on our review, we conclude- 1hat GPU
Letter 88-20, and we do not recommend tha
However, our review identified a cdeficiency
initiators) in the human reliability analys
limit the IPE's usefulness in other applica
address a number of potential operator miti
management development phase, specificall
between the fire protection wate syste

We would also. like to mention thatuGPUN”d». ot eXpiicitIy state that they
plan to maintain their Probabilistic-Risk-Assessment (PRA) "living." The
staff notes that a "living" PRA Gould: enhance-plant safety and provide
additional assurance that any potentia]ly%u_ eco nized vulnerabilities would
be identified and evaluated during.the 1ife of the plant
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The NRC staff comp?eted fts: review of thei<nternal event portion of the Oyster
Creek [PE submittal and assbciated documentation which includes GPU Nuclear
Corporation's (GPUN/licensee) responses. té "taff generated questions and
request for additional 1nformation Lo

The licensee's IPE is based on .a- Level l 2:Probab1]istic Risk Assessment
(PRA) consistent with Generic Letter 88~ 20 “Appendix. l . The PRA was performed
by PLG Inc., with the support from. other : nsultants GPUN personnel familiar
with detail design, controls, procedures nd . systems maintained involvement
in the develobment ana1ysis and technic_ eviews‘of the Oyster Creek PRA
models. ' O ;

The Oyster Creek [PE did not identify any severe- accident vulnerabilities
which the licensee defined as any core damage sequehce that exceeds IE-4 per
reactor year, or containment bypass that exaeeds 1€-6 per reactor year. The
IPE did, however, take credit for a number:of modifications that were
installed during the 14R refueling outage.  These ihclude the interconnection
to the combustion tirbine generators at the:ddjacent Forked River Site: hard
piped containment vent system; and Operatd raining for manual initiation of
the containment spray system. - L

The [PE estimated the total mean core damage frequency (COF) from internal
events including inhternal flood as 3.96€-6/yr. Dominant initiating events and
their percent contribution (X) to .COF include loss of offsite power (32.8%),
turbine trip (13.1%), and reactor trip (7.7%). IPE importance measures
tdentified faflure of electromatic reljef va]ves (EMRV) to close ds the
largest comporent contributor to. total COF:.(48%).  The significance of this
contributor stems from the success criteri hich requires (for many accident
initiators) opening and subsequent closing:of up to 4 of 5 EMRVs. Essential
AC power bus failures had also been found . to:-be an important contributor (37%)
to core damage. In‘addition, a number of: the 0C. IPE dominant sequences involve
loss of DC power. DC power is. required to.activate the {solation condenser,
and open the EMRVs to a1low for vesse1 AnJe jon»withithe low pressure
firewater system, ‘ o ‘

The OC IPL found a relatively low station bTACkout induced core damage
frequency of 7.7E-7/yr. The 1PE basis for: this low frequency primarily stems
from utilization of isolation condensers and the firewatcr system as a source
of makeup. System activation does not require AC power nor long-term DC power
for extended operation. The staff review noted, however, that the IPE .
analysis did not specifically mode) recirculation pump. seal loss-of-coolant
accident (LOCA). This assumption substantially reduceés the significance of
SBO as a contributor to core damage. This. finding is not consistent with
NUREG-1032 "Evaluation of Station Blackout Accidents it Nuclear Power Plants.”
Unlike other boiling water reactors (BWRs),-Qyster Creek does not have steam
driven makeup capability during station blackout and, therefore, must rely
entirely on natural circulation for.core ¢ooling (ana]ogous to pressurized
water reactors (PWRs) with steam generators), A pump -seal LOCA under these
conditions could disrupt natural circulation.and compromise decay heat




removal, Although the licensee provided re érEnces to support its position on
seal LOCA, the issue remains opeh and undef: staff consideration (as a possible
generic fssue sepatate from Generic Issue 23), Bécause the {ssue is being
addressed sepdrately for BNRs, thP staff ) review team did not pursue this
aspect further. = . ; | | o 1

A1l modelled operator actions werp found 1t contribute 21% to core damage.

The [PE, however, did not perform a pre-initfator human event analysis.

Generic Letter 88-20 requested that licensees’ examide maintenance and
surveillance practices 25 part of thelr effort to identify potential
vulnerabilities. These areas are plant-specific and require an examination of
routine personnel activities to uncover potential maintenance errors. The
staff finds the lack of pre-initiator event analysis a weakness in the
lncensee's IPE, which may limit the usefuiness of the IPE for future
requlatory applications. . e

The Oyster Creek IPE takes substantial credft (50%) for in-vessel recover,
following core damage. For low pressure sequences, vesse] breach is prevented
by injection through condensate, control rod:drive system, or through the use
of core spray supplied by the fire protection system. The [PE also assumes
that vessel failure will result in a guaranteed containment failure. Ffor many
sequences involving extensive core damage.,the IPE did not credit any operator
actions. The licensee indicated {its concern-that the potentia’ for adverse
effects (which could result from operator mitigation action), could exceed the
perceived benefit, Ffor example, 1in response to staff questions on sequences
involving recovery of electrical power, the. Jicensee siated that prompt action
to vent containment without proper "Accident ‘Management Guidelines” could
result in an earlier source term release. than 1f no action was taken. Other
issups assoctated with accident. pro?ression .1s0 remain open, e.g., the
consequence of activation of 1rywell sprays: with corium in the drywell. The
licensee stated that it plans to- postpone: further evaluation of potential
operator mitigation action to the aCCident anagement development phase "when
better tools will be available (MARP4) '

In response to containment performance 1mprovement (CPI) program
recommendat.ons, the licensee considered a plant modification to provide water
from the fire protection system to the drywe1l sprays and has conciuded that
this modification is not cost beneficial. The licensee has taken the position
that the containment will always fail when the reactor vessel fails. This
position may have masked the true potentialibenefit from enhanced drywell
sprays. Other licensees have concluded that having the drywel! sprays will
significantly reduce the probability of. dryWe]l liner melt-through. The
(icensee has stated that it s unclear how .operator actions will affect the
accident progression, and they intend to evaluate the effects of potential
operator actions when appropriate tools (MAAP4) become available. The staff

~recommends that the licensee continue to evalfiate the need for drywell sprays
as part of its accident management program evaluation.,-_»

Based on the review of the QOyster: Creek IPE bmittal and associated
documentation, the staff concludes-that theilfcensee met the intent of Generic
Letter 88-20. This conclusion is based on thé following findings: (1) the
[PE 1s complete with respect: to the informat n - requested in Generic Letter
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88-20 and associated quidance doCUment NUR£G~1335. (2) the front-end systems
analysis, the back-end containment performince analysis, and the portion of
human relfability analysis performed (pos! kinitiator events) are technically
sound and capable of fdentifying plant-specific vulnerabilities to severe
accidents; (3) the licensee. emp?oyed a viable means (documentatioh reviews and
walkdowns) to verify that the [PE reflacted: ‘the current plant design and
operation; (4) the PRA which formed the basis of the IPE had been peer
raviewed; (5) the licensee participated. ful1y in the li€ process consistent
with the intent of Generic Letter 88-20;" (6) the litensee appropriately
evaluated Oyster Creek's decay heat removaAﬁ(DﬂR) function for vulnerabilities
consistent with the intent of the USI A-45.reésolution; and (7) the licensee
responded appropriately to recommendation stQMming from the CPI! program.

It should be noted that the staff s review primarily focused on the licensee s
abtlity to examine Oyster Creek for severe accident vulnerabilities. Although
cartain aspects of the [PE wore explored in more deiail than others, the
review 15 not intended to vaiidate the accuracy of the licensee's detailed
findings (or quant%f\cation estimates) which stemmed from the study.




[ BACKGROUND

On November 23, 1988, the NRC 13 sued Gén ; Letter 88-20 which requires
Ticensees to conduct an Individual Plant ‘Examination (IPE) in order to
identify potentid] severe accident vulnerabilities at their plant and to
report the results to the Commission, - ThrOUQh the examination process. a
licensee is expected to: (1) develop an: overall appreciation of severe
accident behavior; (2) understand the’ most “1ikely severe accident sequences
that could occur at its plant; (3) gain a:more quantitative understanding of
the overall probabilities of core damage-and fissfon product releases; and (4)
if necessary, reduce the overall probability of core dimage and radioactive
mater1al releases by modifying, where appropriate. hardware and procedures
that would help prevent or. mitigate seve

As stated in Appendix D of NUREG- 1335 the lPE submittal guidance document,

all IPEs are to be reviewed by 'NRC teams to determine the extent to which each
licensee's [PE process met the intent of Generic Letter 88-20. The IPE review
1tself is a two-step process: the first step, or "Step 1" review, focuses on
completeness and the quality of the submittal. Only selected IPEs are
investigated in more detail under a second:step or "Step 2" review. The
decision to go to a "Step 2" review is" primarily based on the ability of the
l1censee's methodology to identify vu]nerabfl1ties. and the consistency of the
licensee's IPE findings and conclusions with previous PRA experience. A
untque design may also warrant a ‘Step 2":to better understand the implication
of certain IPE findings and conclusions. ‘ part=of this‘process, the Oyster
Creek IPE only required a "Step 1" review. e

On August 14, 1992, GPU Nuclear |orporation (GPUN) submitted the Oyster (reex
[Pl in response to Generic Letter 88-20 and associated supplements.  (Oyster
(reek 15 a General Electric BWR-2 Mark 1 single-unit plant with isolation
condensers.) The [PE submittal was based on a Level | PRA, and a Level 2 PRA
consistent with Generic Letter 88-20, Appendix 1. The IPE submitta) contains
the results of an evaluation of. 1nternal ‘events, inciuding internal flooding.
The licensee plans to provide a separate submittal on findings stemming from
the IPE for external events (IPEEE). The staff wil) review the [PEEE
caparately, within the framework. prescribed in Generic Letter 88-20,

Supplement 4,

A5 part of its review, the NRC contracted:with Science & Engineering
Associates, Inc. (SEA), Scientech Inc./: Energy Research Inc., and Concord
Associates to review the front-end analysis, the back-end ana1y515. and the
human relial 'ty analysis, respectively.. SEA's review is documented in NRC-
04-9]- 066 Task 8 report, "Oyster: Creek Nuclear Power Plant IPE: Front-End
Review." ‘Scientech's review i$ documented.4n'SCIE~NRC:212-92, "Oyster Creek
Individual Plant Examination Back-End- Techn,ca] Evaluation Report * Concord's
review is documented in CA/TR 92-0]9-08, :"Technical Evaluation Report: Cyster
Creek Nuclear Generating Station: lndividua lantnExamination Assessment of
Human Reliability Analysis, Docum»nt <Only. R

On July 27, 1993, the staff sent a requesfefor auditiona1 information to the
licensee. The licensee responded to the staff's request in a letter dated
October |, 1993. In addition, the licensee, fn a letter dated July 3, 1993,




provided to the staff a feas1bility study fo' 1mplementatibn of a portable DC
generator.,

This report documents f\ﬂdings and’ <0nc1usions which stemmed from the NRC
review. Specific numeric’ ! results and other- {nsights taken from the
licensee's IPE submittai are listed in. the Appendix to this Staff Evaluation

Report.

11, STAFF'S REVIEW

I \icensee's [PE Process

The Qyster Creek [PE submittal of Awgust 14;; 992 deSCribes the approach
taken by the licensee to confirm that the -IPE: represents the as-built and as-
found plant. In addition to detailed document. reviews, plant walk- throughs
were performed by members of the licensee's PRA team (consultants and pla.t
personnel) for familiarization with: plant/system operations, equipment layout
for urigin and susceptibility to fleods, and é6ntainment walk-throughs for
information to be used for the back-end analysis., . On the basis of review of
the information submitted with the 1PL, the staff concludes that the
licensee's walkdowns and documentation reviews: constitute a viable process for
confirming that the IPE represents the as- buiTt -and . as-found plant.

The {PE submittal contains a summary descriptiOn of the licensee's IPE
process, the plant personnel participation in the process, and the subsequent
in-house peer review of the final product. The staff reviewed the licensee s
description of the [PE program orgénization;'damposition of the peer review
teams, and peer findings and conclusions. The staff notes the considerable
participation of the GPUN personne1 4n virtually all aspects of the IPE
through technology transfer, -~.del development; reviews, data collection, and
requantification of the models with-plant- specific ‘data. In addition to the
IPE team, other GPUN and plant organizations were involved to insure that the
models accurately portrayed the plant. Although ‘GPUN did not indicate fts
intentions of maintaining a "living PRA," the $ubmittal stated that, GPUN
rocognizes the potential benefit of the PRA a"'its potential use fn future
evaluation, s .

As part of the |PE process, GPUN estdblished a_findependent review team which
consisted of personnel from all appropriate organizations including
engineering, operations training, and an indef endent safety engineering
group. 1his review was in addition to interna} reviews performed by the GPUN
consultants. Based on the review of the [PE submittal and associated
documentation, the staft concluded that the licensee's peer review process
provided reasonable assurance that the IPE analytic techniques had been
correctly applied and documentation was accurate.

The submittal defined "vulnerab111ty as’ ”any core damage sequence that
exceeds 1£-4 per reactor year or containment bypass that exceeds 1E-6 per
reactor year." The fundamental contributors to risk and risk-important
accident scenarios were determined by delineating the sequence charactertstics
and evaluating their importance on the basis of their respectlve contribution




to core damage frequency and release category frequency No plant
vulnerabilities were {dentified and, therefore, 'no potential enhancements were
fdentified to specifically address vulne?&@ilitias

"he licensee probed the quantitattve results by performing (a) an
uncertainty analysis; (b) a sensitivity: study on several key variables: and
{c) an importance analysis to identify the most important systems to plant
safety. The sensitivity analysis concluded*that changes to data or
assumptions do-not have a significant effatt on the overal) results. The
results of the importance analysls providw basis for the identification of
possible low-cost 1mprovements. :

ipabfébof.identtfying severe
es) and that such capability is
ter 88-20.

The staff finds the licensee's: IPE proces
accident risk contributors (or vulnerabi)
consistent with the objective of Generic™

2. front-fnd Analysis

The <taff examined the IPE front-end analysfs for completeness and consistency
with acceptable PRA practices. The l1icensée capitalized on insights stemming
from the Oyster Creek PRA Level.] study. NUREG 1150, and several other PRAs of
plants with similar designs. , )

The Level | IPf involves a ”plantimode]“iwh}ch integrates the system and human
action analysis (and associated data), and delineates accident progressicn
from the initiating events (I£$) to plant damage status. Event tree sequence
diagrams (£SDs) were used to identify ‘available succrss paths needed to
mitigate accident inftfators, and to identify subsequent system failures,
translating them into rules. Plant-specific analysis and transient assessment
reports, in combination with the plant procedures, served as the basis for the
£SD.  Top events in the ESDs were sequenced. by initfating events and
intersystem dependencies. ‘Event: sequence'*’Xplicitly represent support
systems, front-line systems, human responsés, and dependencies. Functional
success criteria and specific system succes§ criteria for each major plant
safety furction with respect to each [E cdtégory are clearly and appropriately
described. The dominant accident sequence :groups and their contributions to
the core damage frequency are. fdentified ‘al ng with the contributing important
systems, , . ‘

The front-end IPE analysis used the large‘event treé/small fault tree
methodology which treats dependencies on the event tree as split fractions
rather than through the logical linking of: ‘fault trees. The licensee used the
latest modification of this method in which:the event trees are replaced by
logic diagrams, i.e., tables of rules. Thus, no event trees were explicitly
presented ‘n the Oyster Creek submittal.

‘The licensee's IPE submittal identified 28 initiating event groups for Oyster
Creek. These groups were further categorized into three broad groups: (1)
general transients (15 initiating, events),ﬁ“z)lloss of coolant accidents,
small LOCAs (6 initiating events): and (3):large LOCAs (7 inittating events).
Inmitiating events were determined by using & master logic diagram which
identifies the various plant funct1ons that ;ould fafl -and lead to a plant




vious PRAs and industry studies,

trip. T%ese groups Qe?e reViewed_against
afety Analysis Report (FSAR).

plant operational experience and the. Fin

The IPE identufied and analyzed plant -specific: 1ntt1ators. These included:.
interfacing system LOCA, loss of intake. chahhel flow to the intake structure,
loss of Turbine 8uild1ng Component CoolingWater (TBCCW), unisolated steamline
breaks and large pipe breaks. inside containment. ‘and internal flooding. In
response to staff questions on success cr teria. the licensee stated that only
RELAPS/RETRAN computer codes .had.-been use the development of thermal
hydraulic analysis in support of the. LeveA ;analySis Further, core damage
is defined as water at the top of active -fuel and decreas1ng MAAP had not
been used to develop Level I success crit S

The IPE analyzed front-line systems and maJor support systems including but
not limited to AC/DC vital power, service/¢irculating water, and instrument
air  The IPE provides a clear description-af the top events considered: th»
success criteria; the support systems required; the systems' configuration,
operation, testrng maintenance, and technical specifications assumptions; and
the systems' boundaries. The system analysis task utilized the fault tree
approach to logically combine the basic events and failure probability in
order to derive the split fraction values used in the plant model. A
comprehensive analysis of system dependenﬁﬁes was performed and tncluded
support to support, support to frant 11ne and- frnnt l1ne to front-line
system, :

In order to develop plant- specifiu IE frequencies. a Bayesian update of
generic (I Wk, I[ data was performed utilizing plant- specific information., The
data sources used were clearly {dentified- fn the IPE. The staff notes that
the licensee made an effective use of both: eneric and plant-specific IE data.
Further, the [PE submittal providvs a deta ged ‘discussion of the depe-~dencies
between [Es and mitigating systems (including-front-line and support systems),
and clearly presents how each IE: qroup affécts the split fractions used in the
mode . ;

A Bayesian update process was a]so used to;develop the IPE s systems’
database. A generic database encempassing ‘the cumulative experience from a
large population of nuclear power plants was combined with a comprehensive
plant-specific database containing more’ than 10 years of QOyster Creek
experience. The update was performed using the data analysis module of the
kISKMAN program, Plant-specific features:were considered in selecting the
appropriate generic distributions-in order’to obtain a "coherent” integration
and upda’ ‘ng of the database. As: recommended in-NUREG-1335, the IPE made
extensive use of plant-specific data. Systems and components such as
emergency core cooling pumps, batteries, diesel generators, electric buswork
and breakers, service water pumps, 1nstrumen§ air, primary containment
1solation, Automatic Depressurization Systemg(ADS) valves, and other
components were quantified using. plant spec ic. (mainly post-1982) data.

The common cause failures (CCFs) wpre analy:éd\in two categories The first
category includes sharing of common. componenﬁs, effects of floods, and human
errors during test and maintenance, The. se&dnd category includes design
errors, construction errors, orocedura] def iencies.‘and unforeseen




environmental variations.. Common causé ehts were 1ncorporated into the
system analysis in drder to identify thé CCF mechanism. The quantification of
the CCF factors was accomp1ished by a mlltiple gleek lettdr (MLG) methodology,
consistent with NUREG/CR-4780.. Respondlng to the staff’s request for |
additional information, the licensee 11sted 50 common cause failure events and
their assoc\ated contribution: to core d’“ Qe.

The submittal contains the tOp 100 most brobable core damage sequences in
Appendix C, Table C.5-1, of the Level L.report. in accordance with the
reporting gulde)ines in NUREG=1335, These 100 highest frequency sequences
account for 82% of total core damage frequency.  The IPE derived a point
estimate mean of 3.96 E-6/year for a total CDF.  An uncertainty analysis
identified the Sth and 95th pelcenti\e s 1 J1E- 6/year and 9.82f-6/year,
respectively, . _

Amony the dominant accident sequences, about 20.8% (7.69E-7/year) of the total
COF was contributed by the loss of all AC power (station blackout) with
failure of an EMRV to reclose. Turbine trip with loss of all DC power
contributed 7% of the total CDF:(2.59€- 7/yr), and reactor trip with the loss
of all DC power contributed S.7% of ‘the.total COF. (2.1E-7/yr). Other dominant
sequences included: inadvertent MSIV ¢1gsure with loss of all DC power
(3.3%); loss of offsite power events (LGSP% with EMRV closure and core spray
failures (3.2%); loss of TBCCW with EMRV:¢losure and core spray failures
(2.8%); and large below core. LOCA thh ra) fai]ure (2.6%).

The dominant 1Es include: loss of offsite power (32 8% of total CDF); turbine
‘rip (13.1%); reactor trip (7. 7%); MSIV. é1osure (7.7%); and total loss of
fredwater (5.7%). The [PE did not find anticipated transients without scram
(ATWS) as a significant contributor to the total CDF, based on credit taken
for plant modifications for ATWS prevention and mitigation and the
incorparation of operator recovery actions;in the emergency operating
procedures (EOPs). -

The IPE performed an importance analysis’that showed that EMRV failure to
close contributes most to total COF (48%).. Essential AC power bus failures
contribute 37% and DC power faflures about 33%. This importance measure
percent CDF is that percentage resulting from the summation of the frequency
of all sequences involving the top events,:and it represents the percentage
decrease in the (DF that would result {f the top.event or system failure could
be made zero. A sensitivity study was performed on several key variables in
the study: LOSP events recovery; EMRV failures to close; and recovery of
containment heat removal (1nc1uding recovery of DC power and containment
spray). The analysis:concluded that changes to data or assumpt1ons do not
have a significant effect on. the overall r _ults.

A number of the Oyster Creek IPE dominant;sequences involve loss of DC power.
(Oyster Creek has only 3-hour battery capaéity)..  These sequences and
associated contribution to core damage in¢lude: . »turbine trip with loss of
all DC power (7%): reactor trip with Toss'of DC power (5.7%); and inadvertent
MSTV closure with loss of DC power (3.3%)::DC power is required to activate
the isolatjon condenser and open the EMRV o alléw for vessel injection with
the low pressure firewater System PR




rhe 11censee s IPE station blackout analy _'fdid not address recirculation
pump seal LOCA, although the staff ident{fied gross seal failure as d
potentially dominant core damage sequence in station blackout accidents at
nuclear power plants (NUREG-1032). Oyster Creek, for example, does not have 2
steam driven makeup system available durin? statfon blackout (unlike other
BWRs). A LOCA during station blackout would compromise decay heat removal by
degrading natural circulation between th reactor core and isolation
condenser, v ;

In response to staff questions. the licensee §tated that loss of coolant
through the recirculation pump seals would be "insignificant® on loss of pump
seal cooling, a condition which would exist -during station blackout. Although
the licensee provided references to support its position, the issue remains
open and under independent staff consideration (as a possible generic issue
separate from Generic Issue 23). Because: ;he fssue is being considered
separately for BWRs, the staff (lPE) review . team did not pursue this aspect
further. The staff notes, however, that: he Oyster Creek IPE analysis is
sensitive to assumptions associated with recirculation pump seal failures
(i.e., impact the estimated core damaQE‘frEQUency by more than an order of
magnltude) ‘ , . .

The [PE's flooding analysis was divided into. two parts In the first part,
effects were addressed in the rules and modules of the mitigating systems
analyses. In the second part, flood source and equipment location data were
compiled and catalogued and oniy components that were deemed significant to
plant risk were analyzed. The flooding analysis considered the effects on
components (including electrical) of being submerged, sprayed, or exposed to
condensing steam. The calculated flood- induced COF s 2.08 E-7.
Approximately 78% of the flood-induced COF ‘{s due to floods in the turbine
building, with the remaining due to flood n the reactor building.

Based on the [PE description and 11censee responses to questions, the staff
finds the licensee's [PE methodoiogy clearly described and justified in its
submittal. Based on the staff’'s review of :the front-end analysis and the
staff's finding that the analytical techniques used are capable of identifying
potenti1al core damage vulnerabilities, the-staff concludes that the IPE front-
rnd analysis meets the intent of GenerlC‘ etter- 88 20,

3. Back—(nd Analysis

The staff examined the 11censee 5 back—en lysis for completeness and
consistency with the guidance spetified iniGeneric Letter 8820, Appendix 1.
The Oyster Creek consultant, PLG ‘Incorporateéd, used the RISKMAN methodology to
quantify the event trees and version 7.03 0f MAAR-3.08. The analyses
conformed to Electric Power Research lnstitutes (EPRI's) recommendations
related to selected model parameter values.. MAAP was not used to finvestigate
in—~vessel recovery under damaged core. conditions

The licensee, through PLG, had EQE Engineering Consultants perform a plant-
specific containment structural amalysis-to develop containment failure
pressure, temperature, and location 1nsights. The mean ultimate containment
failure pressure was determtned tc be 134 psig. The staff found the approach




consistent with Generic Letter 88- 20 Appendfx 1 (Guidance on the Examination
of Containment System Performance) oy

Three issués are unique at Oyster Creek First ‘the torus was strengthened in
the 1980°'s. This resulted in about a 25%. 1ncrease in pressure capacity to a
best estimate limit of 153 psig. ‘Second, the’sand, normally between the
drywell shell and the concrete wall at the drywel) floor elevation, has been
removed. Corrosion has occurred at this lo¢ation which has reduced the
structural integrity to about 8 psi below the:drywell head flange leakage
pressure. Finally, Oyster Creek has-a 1-footithick, 6-inch high curb at the
liner—drywell floor interface. The volume ofsthe sump and within the curb is
sufficient to contain all of the estimated corium volume. This reduces the
liner melt-through probability by approximately 50%. Thus, there are no
wetwell failures, and drywell failures are at.the drywell floor location due
to over pressure with a small contr1bution‘fr0m llner melt-through.

The translation of the Level | accident sequences 1nto Level 2 Containment
Event Tree (CET) and accident release charactéristics was performed by mapping
each of the accident sequences into Plant Oamage States (POS). The PDS were
defined by the condition of the plant at the‘end of the Level 1 analysis. The
POS considers the reaztor pressure (high or 1ow) drywell floor conditions
(wet or dry), containment -integrity. (intact,: bypassed faflure within a few
hours of event initiation, or fails later), status of active systems
{containment vent, suppression pool cooling, drywell sprays, and water to cool
debris), and status of reactor building (isolated, firewater system in the
reactor building, and standby gas treatment system (SGTS) operability).
However, the reactor building and SGTS effectiveness was assumed to be zero
based on the dominant containment failure mode being a catastrophic breach of
containment. The licensee reduced the suggested screening criteria identified
by an arder of magnitude to ensure consideration of sequences which could be
important to containment integrity and risk.-vThe licensee has listed al) of
the Level 2 sequences with a frequency equal to or greater than 1 E-10 (49
sequences), exceeding the NUREG—-1335 screenin guideHnes

The licensee identified 19 PDS which were mapped into seven key plant damage
states (KPDS). The KPDSs were used as-the entry states to the CET. The CET
models the core degradation, vesse}. Failure, ntainment behavior; and reactor

building behavior. o

The CET was developed to resemble tho Peach'Bottom NUREG/CR~4551 accident
progression event trees. The quantification of the CET for each KPDS was
‘carried through a number of split fractions defined for each top event. The
results were used to define CET end-states b1ns which were subsequently used
to develop source term categories. The source term was evaluated using a
source Lerm event tree (STET). The STET considered six questions: drywel)
spray availability; reactor pressure at time of -vessel failure; condition of
containment (intact, vented, early or late failure); containment failure mode
(leak or gross): availabi!ity of pool ‘scrubbing;i. and availability of reactor
‘building mitigation. The results of the STET were grouped into six key
release categories (KRC) based on similarities of containment failure, timing,
and mitigative features, The source terms for. the. KRCs were calculated by
selecting representative sequences and using MAAP to’ model the behavior and




,ﬂg of the release was based on the

release of 12 radionuclide groups The ti
nitiation of the accident as

estimated containment failure tlme from th
follows: . o

s Early (E) - 3 hours or leés after‘v\_sel‘fafIUre,
» Late (L) - More than 3 hours afte “ essel,failure

Sensitivity studies concerning accident phenomenology were not performed.
Instead, the licensee stated in response to;the staff's request for additional
information, a combination of parameters were chosen from those recommended by
EPRI, to yive a conservative response in sou ce term released.

Substantial credit (50%) is taken for 1n ves_el recovery following core
damage. This is partially a result of the“ljcensee’s definition of core
damage. (Core damage is defined as water:atithe top of active fuel and
decreasing.) For low pressure sequences, vessel breach is prevented by using
the condensate system, control rod drive. system. or fire protection system
through the core spray system. The assumption was made that vessel failure
will result in a guaranteed. containment fai1ﬂre For many sequences involving
extensive core damage, no credit was givenitd-operator actions. The licensee
indtcated its concern that the potential forwadverse effects (which could
result from operator mitigation action) coui iexteed the perceived benefit.

For example, in response to staff questions:<oh sequences involving recovery of
electrical power, the licensee stated that prompt action to vent containment
without proper "accident management guidelines® could result in an earlier
source term release than if no action was: taken ‘Other issues associated with
accident progression also remain open, e. gs, “the consequence of actjvation of
drywell sprays with corium in the drywell. "The licensee stated that it plans
to postpone further evaluation of potent1a1 ‘operator mitigation action to the
accident management development phase "when better tools will be available
(MAAP4) " The accident management program 1§ a key element in closure of
severe accident concerns, and the staff recommends that the licensee address
these issues w]fhln that framework '

The licensee considered the effects'of containment temperature and pressure on
the elastomer seals., These seals are used for the drywell head flange and
equipment and manway hatches. for.all of’ the otential accident sequences
considered, the temperature and pressure prot: i es are expected to result in no
or little leakage. This result is-based on: their consultant's analysis (£QE)
and agrees with the results of analysis discussed in NUREG/CR-6565
NUREG/CR-4944, NUREG/CR-5096, and NUREG/CR—4064

The licensee also examined the fai]ure of containment isolation. The modeling
of containment isolation failure is based on.a:-fault tree model. The fault
tree incorporates modeling of automatic containment isolation valves that
penetrate containment and are open to the containment atmosphere (e. g., vent
and purge lines) as well as potential containment bypass lines whose system
pressure is less than 90 psig, larger than l=inch in diameter, and contains
non-manual isolation valves. The fault tree-.considers automatic and manual
isolation signal failures and component and common cause failures.




The licensee employed a process to understah and quantify severe accident
progression. The process lead to a determination of. conditional containment
fatlure probabilities and containment fai1uré*modes consistent with the intent
of fereric Letter 88-20, Appendix. l .

The following tables show the conditiOnal cont;inment failure probability as a
function of failure location and. timing, res Ctively

QQ_D.Lzl...._E.nlﬂm
. Drywe]]

» Wetwell: !
» Bypass .-
-»Xntact”g*»

. [arly : 15.9%
* Late = 26.4%
» Bypass 7.3%
* Intact (following 0.0%
*» No Vessel: Breach 50.4%

Of particular 1nterest is that the probabllityﬁof containment failure is zero
1f reactor vessel failure is prevented and oné if reactor vessel fails. This
is due to the fact that the recovery:of e1ectf1c.power was not considered once
core damage commenced. Therefore,’ there was o recovery of containment heat
removal or drywell sprays. . . S

ine process of determination of conditional- ainment failure provabilities
and containment failure modes was c¢onsistent: 1th the intent of Generic Letter
28-20, Appendix 1. The dominant contributor ‘containment failure were
found to be consistent with insights from other analysis of similar designs.
The licensee characterized containment performénce for each of the CET
end—states. The licensee considered.the failure of containment seals and
containment isolation failures. Thé staff’s:review did not identify any
significant problems or errors in. th$ back-¢ nalysis. The overall
assessment of the back-end analysis-1s that thé Vicensee has made reasonable
use of prohabilisitic techniques in- performing ‘the back-end analysis, and that
the techniques employed are capable .of 1dent1f{ing plant vulnerabilities.

Based on these findings, the staff concludes that the licensee's back-end [Pt
process 1s consistent with the intent of Generic Letter 88-20.

4, Human Factor Consideration g

‘The licensee acknowledged three types of human errors, pre-initiator human

events associated with errors during routine activities (such as valve
misalignment) leaving equipment disabled ("Group A"), rnltratrng human events
associated with errors, causung a plant abnormal condit1on ("Group B") and




' errors during operator response *o

post-initiator human évents associated wi
”Group ).

an abnormal condition, i.e., an fnitiator

n event analysis. The rationale
esponses for this approach is that:
entified during a Human Reliability

The 1Pf did not perform a pre-initiator
provided by the [PE and in the licensee
(a) usually few pre-initiator. events are
Analysis (HRA); (b) typically-they aren fgnificant contributors to core
damage frequency; and (c) the frequency of:pre-initiator events is captured in
the basic equipment failure rates and, hénce, there could be double counting
of failures if a separate ana1ysis was pe ormed

These types of errors have been shown to; domtnant contributors in other
studies and are not necessari]y part of the basic equipment failure rate
(e.g.. NUREG 1150 analyses). In addition, Generic Letter 88-20 requested the
licensees tou examine maintenance and surveiIlance practices as part of their
effort to identify potential vulperabilfties. Generally most plants have
administrative controls for preventing system unavailability due to test and
restoration activities. The praiess by which these controls are implemented,
howaver, determines whether theis are practices creating the potential for
teaving a system in an undetecte’ disabled state (resulting in equipment
wravailability on demand), While the staff agrees that a portion of pre-
inttiator events can be captured when perférming a Bayesian update (provided
anple operational data 'is available), unléss routine personnel activities are
examined as part of the [PE HRA, 'such instances of potential errors may not be
uncovered. The staff finds the lack of pré<initiator event analysis a
waakness of the licensee's HRA, which may“imtt the usefulness of the [Pt for
futiure requlatory applications

Inittator hunan events were analyzed as par fof the IE analjsts consistent
with acceptable PRA practices. P

Post-initiator human events were'extensfve‘y'anaiyzed They were further
distinguished tc human events associated with response-type actions and to
human events assnciated with recovery-type: actions Response-type actions
include those human actions performed in response 'to the first level directive
of the EOPs, such as reading instrumentat{on to determine reactor water level
status or maintaining reactor water level with different systems. Recovery-
type actions include actions performed to-recover from a specific failure or
fault, i.e., cross connecting electrical biusses following loss of offsite
power {proceduraiized action) or-gaging a.failed énstrument air relief valve

(non- procoduralized action).

In order to identvfy post~‘nitiat0r human’ eVents, the licensee examined the
FUPs. system instructions, and off-normal event procedures associated with the
accident sequences delineated and the systems-modeled. Further, discussions
were held with plant operators on:the interpretation and implementation of
plant procedures to identify and understand:the specific actions and the
Capecific components manipulated when responding to the. accident sequences

mode led.

88- 20The licensee employed the Success L1ke,4hood Index Methodo1ogy (SLIM) to
quantify post-initiator events. 1he 1icensee s evaluation was based on

serdian o v s b s




eliciting the control room operators’ ‘judgement of each action analyzed.
Important factors influencing human performance (for example, the type and
location ¢f plant procedures, operator comminication, location of required
actions, effect of annunciators and alarmgiiand the time avaflable versus the
time required to perform the needed human:3ction) were considered in the
analysis. Piant-specific performince shaping factors were used in the
calculation of the human error probabilities (HEPs).

The HRA dealt extensively with the: issue ¢ counting for the effects of
multiple operator actions and the dependencies among human actions. A
"confusion” performance shaping factor was:Jncluded in the quantification of
each human error to account for dependencies among steps of an individual
task. further, the [Pt péerformed a thoroughkfsensitivity to multiple operator
actions” analysis that included a quantitative and a qualitative portion. The
quantitative sensitivity re-estimated the CDF by increasing the HEPs to
determine their relative ‘mportance. The qualitative sensitivity reviewed the
time available versus the time required for:an action and crew changes, for
all actions in a scenario. This*Sensitivit%‘ 14 not identify any dependent
actions that were treated as independent. “The staff also notes that the
Vicensee used a sound approach to address:

‘miltiple operator actions, and that
the study had been used for >lanning plantimodifications 1n a wiay that allowed
a better understanding of variouskOperatorj1gteracttonsA

The post-initiator quantitative results and:the insights derived from the
analysis are also discussed in aclear and: concise manner in the IPE. A total
of 34 functionally different operator actions (and a total of 66 individual
actions) were modeled in the IPE.. The total human err. contribution to (DF
is 21%. The IPE lists (Tables 2,156 and 2 ) ‘and discusses the most
important human actions -in the context of - r contribution to the total core
damag2 frequency. [t should be noted that fpo.individual (or combination of)
human action(s) were dominant in the Oyster Creek JPE. The most important
human action to COF s inftiation of containment cooling (2.76%), followed hy
farlure of manual core spray function core $pray (2.70%) and recovery of DC
power (2.50%). S e S

An improvement regarding operator training for initiating the containment
spray system was identified and implemented. . In addition, one procedural and
several operator training improvements were ddentified that are under review
and consideration by the licensee. E

In summary, the staff finds the HRA methodoldgy described in the Jicensee's
submittal supports the quantitative understanding of the overall probability
of core damage during plant operations, as well as an understanding of the
contributfon of human actions to that probability. Therefore, the staff find:
the licensee's assessment of human reliabilfity capable of discovering severe
accident vulnerabilities from human errors and consistent with the intent of
Generic Letter 88-20. The staff notes tnatithe licensee used a thorough,
systenatic, and traceable post-initiator event human analysis. However, the
staft finds the lack of pre-initiator human event analysis a weakness of the
licensee's HRA which may have an impact to the IPE'S usefulness in other
applicatfons. The staff encourages the licengee to consider pre-initiators
explicitly tn tts HRA in any future revisions of its PRA.




5. tuntainment berformance [mprovements (CPI) -

Ay a result of the (ontainment Perfarmance lmvravement Program,
recommandat lons for improvaments were made for:)icensees to consider as part
af the [P0 process. These recommendations were:identified in Generic Letter
88-20. Supplement |. Each of these pVOposed {mprovements Is discussed
aapara!n)y helow.

{1y A hardened vgnt: The 11(bnsee has propos ;1nst11!ation of an B-inch
hardened vent from the torus air space tQ¢the stack. Venting is
initrated directly before containment préfsure reaches 3.0 psig
‘rorresponding to the containment spray start signa) and ADS actuation
lagic setpoints) and again before torls pressure reaches the primary
containmant pressure 1imit, LS directed b *Oyste' Creek's £opP.

- Tha Tycensse has suggested an alternatt sirategy to protect the
nmorgency core cooling system (ECCS) pumps from a 'oss of net positive
~yctian head (HPSH). In lieu.of ventingncontainment. the licensee
uggests using suppression pool. ¢ooling with the residua) heat removal
(RHR) and using the wetwell sprays to reduce the suppression pool water
temperatyre.  After a sufficient reduction in pool water temperature,
the dryseil sprays would be used to reduce-the drywell temperature.
This wel'd prevent 3§ potent541 Yoss of NPSH by venting containment. The
“weensen propased considering this procedure during the preparation of
treaccadent management guidelines, and $hou1d be considered as part of
oty hccrdent Management Program,.

An dlterng! i _r,ﬂmt»wpplz,.fﬂ_. . rays:
Pravisions far using the fire: protection System pumps aligned to <upply
hoth divisions of the core spray: system have been provided. The fire
protection system consists of two diesel” dfiven 2000 gpm pumps. The
4revel driven oump has i1ts own D{ power sUpp1y, and it can be starte!

~a
—

?ﬂ‘d.% .onnection of the fire protection system *c the Core Spray
(€Sy .o .m ts by means of a 4~inch (which reduces to 3-inches) line
from s-. {2-inch fire main ring header. The fire protection system can

also be used to provide make-up to the 1salation condenser. Each
isolation condenser is provided “fire protéction system watér through
6 tnch Tine ‘rom the 12«inch firo mafn rip header

Hao provision exists for using tho fire prGQOCtiun system with th:
drywall sprays. The llcensee hag cenc1uded that this capability is not
et peneficial for the following reasong.iFirst, those sequences where
dryaetl sprays could be beneficial represent ‘only B.75%X of the total
(ore damage frequency. Second, the flow rate at the nozzle would rot
dovelop a full spray pattern, but would "run-out of the ioray n~zzles.
Without 4 full spray pattern, the fissfon product scrubbing would be
nreatty reduced.  And finally, "without - a*fully ‘developed spray, the
capability to cool the containment shell {s greatly reduced.”
Furtheraars, "1t s highly 1ikely that firg protection water exiting the
hile n the vessel left by the exiting corium would provide a comparable
degree 6t contatnment shell cooling. Thigfiast argument {5 only true
LE water axits the hole »uffictent y before the corium reaches the




drywe11 liner and that the drywell i | at‘the 1(ner. This
depends on the melt progression-and ves i1ure assumptions. Given
that the water will exit the reactor vess MthrOUQh the failure location
and that a pool of water will overlay thaicorium, drywel! sprays could
sti1) be important. As discussed in NUREG/CR 5978, the drywell sprays
could be important if: " (a) the water poo1 ‘could not be kept subcooled;
(b) there is excessive, late, rélease of: ‘coarse acrosols from residual
fue! in the reactor vessel directly to tha drywel) atmosphere; or (c)
there is extensive revaporization of depo:ited fission products from the
reactor coolant system after reactor vessel failure. Furthermore,
NUREG/CR-5869 states that flooding containment prior to core relocation

onto the bottom head can s1gn1ffcant1y delay or: pravent vessel failure.

The ticensee has taken the position tha ‘the contafnment wt]l always
farl when the reactor vessel fafls. This position may have masked the
true potential benefit from enhanced drywel1 sprays.. Other licensees
have concluded that having the drywell: Sprays wi11 siqnif;cantly reduce
the probabvltty of drywel? Viner melt- throu h. The licensee has stated
that it 15 unclear how operator actions w ‘affect the accident
progresston, and they intend to-evaluat e effects of potential
operator actions whengagprcpriatm tools: P4) become available, The
staff racommends that the 1icensde continlié to evaluate the need for
drywell sprays as part of jts aCL1dent ma"gement program evaluation,

(1) An_enhanced reagtor pressure ves: 0¢ : ystem
rvL‘abxllgl The IPE submittal: atated that the lfcensse would consider
procurement of a prrtable generdtor, basedipn 1ts cost effectiveness.
Ihe station batteries will nrovide 0C powur&for aminimum of 3 hours.

However, in a letter dated Juiy ', 1993, the Yicensee stated that: (])

pertahle DC generators were not” leadily ‘avdflable; (i, for extended

station blackout conditions, portable AC génerators, to be used for
battery charging, could reacily be obtained through an outside supplier:
and (3) providing a portable DC-power supply was not cost-effective.

Basrd on their analysis, the licensee stated that portable generators

were ngt procured at this time but will be‘reconsidered during

preparation of the accident management guﬂdelines - This need for
alternate pewer supply at the sﬁte wi]l b reviewed as part of the

Arrident Management Program ¢ ,

4)  logerporall on.&i.muﬂﬁoﬁ_ﬁmgcgg gy
- Reyasioen. 4. inko the p C
ant.lon 4 of the BHROG EPGS. ,frg.v,--

(EPGs).

tased on this review, the staff conclddes that th icensee has responded to
the (P] Program recommendations, has searched" for:vulnerabilities associated
with containment performance during severe accidents, and {ts evaluation is
consistent with the intent of Generic Letter 88+20 and associated :
Supplement 1. However, certain' aspects of the ana)ysis are to receive further
cansideration as part of the licensée's Accident’ nagement Program




Jicensee performed an examination of Oyster

6. DHR Evaluation

Safety Issue (USTYy A 45 the
iak to identify decay heat
removal (OHR) vulnerabilitfes. The: ‘avaluation:-considered various combinations
of reactor vessel {nventory makeup and deca, bremova! rejection pathways.
The analysis took mininal credit fo" uman -

In accordance with the resolution Of‘Unrésolf

The plant features listed beIow were ccniider
of the Oyster Creek decay. heat remavmlifunc

(1) The normal path for decay heat rem0va vet the feedwater system and
main condenser. The success criteria this path require that main
steam {solatfon valves (MSIVs) are open:and that:the main condenser and
the support systems are available, “The:irequired. support systems include
instrument afr system for contirol. of the feedwiter regulating valves,
4160 YAC system for the feedwaler and- the condensate pumps, 120 VAC
feedwater control power, and 125 VOC fer the instrument and logic. The
turbine building closed cooiing water A CCV) is also required for pump
and lube o} coolers R i

(2y  The decay removal path through ‘the isolltion condenser can be utilized
following reactor isolation transients where efther the main condenser
15 unavailable or MSIVs are closed.. Theisuccess criteria for this path
require inftiation of one of two isolatfon condensers, followed by the
successful lon? term shell side makeup water.:-The emergency makeup
water for the Jong term operation, due to:the boil-off of the shell side
inventory, can be provided by aither thecondensate transfer system or
the fire protection water system. .-The high pressure makeup on the
eventual loss of the reactor coolant syste 1nVentory ¢an be provided
via the contro1 rod drive. hydrnﬂ]it sys

ant discharged into tte

pebreak (in the event of a

or safety valves. The decay

he spgay/emergency service
ana :

(3) DBecay heat may be transferred througha
containment, The discharge may involve
LCCA), or through the operation-of reli
heat is removed from the containment vi
water system and transferred to the intak

’ency s¢rv1ce water system,

(4) Upon fai]u«e of the containmen us'ray/e
‘ment lnd outside atmosphere

decay heat may be transferred to the con
" through the hardened vent system o

The recovery of containment heat remoVal is well: ocbménted‘in'ine submittal,
The overall contribution of loss of decay hea emoval to COF had been found
to be 3.96%. PR ’

Based on the process that the licensee used to’ earch’ for DHR vulnerahilities,
and review of plant-specific features, the staff:finds the Jicensee's DHR
avaluation to be consistent with the }ntent eneric Letter 88-20 and
resolution of US! A-45, L ,




: Purchasing a portable power generator and

‘licensee plans to evaluate the purchasing

7. Generic Safety lssues -
As part of the [PE submittal,
gennric fssues fncluding UST A-17, "Syste
Plants;” USI A-47, "Safety Imp11cations ontrol Syster::" Generic Issue
(G1)-101, "BWR Water Level Redundancy:”:and.Gl-105, ”Inten.acing System LDCA
at BWRs." However, USI A-17, Gi- <101, and GI~105 were resolved by staff with
no new requirements, Accordingly. ‘the* 14c¢ensee’s proposed resolution of these
issues was not reviewed in detail. 'The réview of ‘the licensee's response to
Generfic Letter 89-19, "Request: for Action Related to Resolution of Unresolved
Safnty Issue A-47," addresses US! A 47 re 6lution

8. Ligensee Acti gg§ and ggmmj ‘

The Yicensee used the [PE process to iden y plant and/or procedural
modifications. The IPE took credit for several modifications that the
licansee installed during the 14R refueliﬁg ‘outage. These include
installation of a hard piped containment:vént system; operator training for
manual initiation of the contalnment spray: system;. and installation of
interconnection to the combustioh turbine generators at the adjacent Forked
River Site. The combustion turbine interconnection will make it possible to
supply power from the combustion turbines directly to non-essential 4160 V bus
1A and emergency loads of. essentlal 4160 uses 1C and 1D via cross-tie.

“the 1icensée proposed resolution of several
nteraction in Nuclear Power

veloping procedures for recovering
dditional improvements for coping
development 'is underway, the
.an-additional AC generator before
zes the licensee's intent to
connection to the two combustion

offsite or onsite power were ‘fdentified a
with station blackout. While ‘the procedu

the 15R refueling outage. The'staff recogt
address station blackout events by the in
turbines and recovery of AC power procedu

IP[ findings indicate that there are a numbe of additional "low-cost”
improvements which could enhance overal ,reactor safety These planned
actions include: . BN ,

: Development of an. emergency r edure for Loss of Offsvte Power.
Development of an emergency pracédure for Loss of DC Power.
Increased training.on.the -imp ce of the core spray system.
Changes to maintenance. schedu “for 'the core spray system to
improve downtime, .. U ' o

0 Programs instituted to reduce

isolation condensers

o  Modifications to implement th

ooo o

:?kége and fouling of the

eactor Overfill Protection System.

0 Consider the developmant of specific quidance, training, and
procedures for reactor-overfillitransients.

0 Increased emphasis'i trainin ””key~operator actions as defined

' by the IPE, . )

;nment heat removal capability to
Accident Management.
prays (Accident Management).

o Conslderation of alternate co
“maintain minimal NPSH as par
Alternate water supply?for dryw




Although the NRC review did. not ‘examihe 't
recommendations in detai], the staff note
PRA/IPE ftndings to enhance plant safety
licensee's actions reasonable. ™" =

I1f. R I
The staff finds the licensee's IPE'submtt

erits of the above
at the licensee is applying
“staff ‘therefore, finds the

CONCLUSION

for internal events including

internal flooding is consistent with the in ,rmation requested in NUREG-1335.

Based on the review of the submittal, the.
associated information, the staff: finds the

ensee’s response to questions and
{censee's IPE conclusion that no

fundamental weakness or severe accident vu]nerabilities exist at Oyster Creek

to be reasonable. The staff notes. that._

(h

(4)

(5)

(8)

_probabilities. However, lack of .ana)

GPUN personne) participated in virtua yﬂall aspects of the IPE through
technology transfer, model.developmenty reviews, data collection, and
requantification of the models with nt-specific data. In addition to
the IPE team, other GPUN and plant nizations were involvea to insure
that the models. accurately ref]ect the as~ butit,ias operated plant,

The licensee established an independe review team which consisted of
personnel fiom all appropriate organizations including engineering,
operations, training, and an-'independent safety engineering group. This
review was in addition to .internal.reViews performed by the GPUN
tonsultants and provides assurance that the [PE. analyttc techniques had
been correctly applied and; documeniat ’weS'accurate

.1th respect to the level of
{tion, the analytical techniques
NRC reviewed and accepted

The front-end IPE analysis 1s comp]et
detail requested in NUREG-1335. In 4
were found to be consistent with oth
Probabilistic Safety Ana1yses (PSAs

The back-end analysis addressed the most 1mportant severe accident
phenomena associated with -Mark [~ containments No obvious or
significant problems or errors. were identfffed

The HRA allowed the 11censee to. deve]dp n. understanding of the
contribution of human errors to COF: dnd:containment failure
_of pre-initfator events is a

limitation of the )icensee’ s IPE

he front end analysis, the back-

The employed analytical techniques tn
1dentifying potential plant-

end analysis, and the HRA are capable
specific vulnerabilities‘ :

HRﬂvulnerebi1ities consistent

The licensee's IPE process searched f
{ability) resolution.

with the USI A-45 (Decay Heat*Removar

.ommendations which include

The licensee responded to CP! Program
with containment performance

searching for yulnerabiljtiesvessociate

rff“l9




he. licensee plans to address a

during severe atcidents. . However
¢ident management program.

number of issues fn fts fﬂllow-on

Based on the above fundangs the staff conc1udes that the licensee
demonstrated an overall appreciation of severe accidents, has an understanding
of the most likely severe accident sequences that could occur at the Oyster
Creek facility, has gained a quantitativesunderstanding of core damage and
fission product release, and responded appropriately to safety improvement
opportunities identified during. the process. - The staff, therefore, finds the
Oyster Creek [PE process acceptable in meeting the intent of Generic Letter
88-20. _ IR S

The staff, however, finds the 1ack‘of analysis of pre-initiator human events a
weakness of the licensee's [PE that may’ 11m$t its usefulness in other
apptications. The staff encourages the licensee to improve its HRA by
including pre-initiators in any-future revisions of its PRA. The staff also
notes that GPUN did not explicitly statethat they plan to-maintain their PRA
"living." The staff notes thatia "1iving”iPRA could enhance plant safety and
provide additional assurance that any p‘tentially unrecognized vulnerabilities
would be identified and eva!uated durfn ; 1ife of the plant.

Principal Contr1butors. Erasmia-Lois‘_
John Ridgely -
Jin Chung




ey

Total core damage frequency (CDF) T'igt”estimate 3.69 E-6/Year

t

Initiating event 1mportance to tota GDF_

0 Loss of offsite power ,' 32.8%
0 Turbine trip x 13.1%
) Reactor trip 71.7%
0 MSIV closure ' ‘ 6.9%
0 Total loss of feedwater 5. 7%
0 Loss of condenser vacuum 4.0%
0 Loss of TBCCW. Sen - 4.,0%
o - Loss of intake structure , 3.3%
0 Electric pressure regu]ator - 3.2%
) Large below core inside cbnt 2.9%

Dominant core damage sequences and contribution to COF:

CQC C o000

0 Station blackout with- failure (

an EMRV to reclose " - 20.8%
0 Turbine trip with loss of a11 DC power 7.0%
0 Reactor trip with loss of all. DC power 5.7%
0 Inadvertent MSIV closure with 0ss of

all DC power N 3.3%
0 LOSP with EMRY failure to. closq nd . ‘

core spray failure : 3.2%
o - Loss of TBCCW with faf]ures o. EMRV |

close and core spray. - , 2.8%
0 Large below core LOCA with co

failure : 2.6%
o  RWCU overpressurizat1on with ‘

failure 2.0%
0 Loss of intake flow wvth EMRV

and core spray failure S - 2.0%
0 Loss of condenser vacuum vith '

all DC power. P 1.8%
Operator action 1mportance;to“totalgc
0 Initiation of Containment Cool 2.76%
0 Core spay (Manual initiate or

injection with fire protection 2.70%

Recover of DC Power : 2.50%

Recover Offsite Power " 2.20%

Initiation of IC makeup 1.51%

Containment Venting - 1.47%

Manual fnitiation of" ADS : ' 1.23%

Inlttatlon of Boron- 1njectlon (ATNS) 1.22%




0 Level and Power Control Following TNS "~1.08% _

OO0 OO0 000000

0 Control Post Trfp RPV Level 1.03%

System importance to tota\ COF a,-
EMRV closure - Ry 48%
4160 VAC essential bus‘lD S 7%
4160 VAC essential bus:1C . 7%
125 vDC bus € g S 33%
125 VOC bus B~ L 3%
Recovery from LOSP~ "« 26%
Core spray ' e 21%
Reactor scram 6%
4160 VAC bus 1A - 5%
4160 VAC bus 1B 4%

Conditional cOntainment‘faiiyfe;bebé iitykgiVen core damage:

0 Drywell 42.3%
Liner Melt- -through 17%)
0 Wetwel) 0.0%
) Bypass 7.3%
0 Intact (Vessel Breach Prevented) 50.4%

Important plant hardware and plant ch

teristics regarding containment
performance L

8-inch hardened torus vent.

0 6-inch high, 1-foot thick drywell floor curb at the drywell liner.

0 Two isolation condensers, operav ith only opening one DC
powered valve. e

0 Torus structural strength incr by 25% due to installation of
straps.

0 Liner corrosion at the Viner- sand which has been remaved)
- concrete interface (reduces strength by about 8 psi).

) Alternate water. supply to reacto essel and isolation condenser.

Modifications the IPE took credit

o Interconnection to théfcombust{d utbine'generators at the
adjacent forked River Sfte. :

0 Hard piped containment vent system,7“
0 Operator training for manual initiatlon of the containment spray
system . v

Significant PRA findings:

0 IPL importance measures 1dentified fai]ure of electromatic relief
(EMRV) to close as the:largest component contributor to total COF
(48%). The significance of this contributor stems from mitigation
success criteria which requires $f rfmany accident initiators)
opening and subsequent c¢losing of up.to 4 of 5 EMRVs.




0

~ the essential loads.

nificant contributions to CDF; the
lependent of fsite power source will
0ss. of offsite power event.

0 DC power; battery monitoring and

Losses of offsite power are
planned modification to use{n
help mitigate the effects of"
The plant is. hﬂ?hly dependen
maintenance will continue t ﬁimportant.r,

The licensee installed an 8 -hard vent to reduce containment
pressure. The analysis, however; showed that containment venting
could result in 1nadequate NPSH for the RHR pumps, an effect that

can be alleviated by reducin the suppression pool temperature

with sprays before: venttng 5

Integrated loss. of offsite pb,er and statfon blackout procedure
which includes cross- tieing bu5es and alignment of the alternate
AC capability. :

Loss of all DC nonef procedur nd~a portable power generator for

Training in the containment 'pﬁmy system and changes in the
prevent1ve ma!ntenan4e on the ontainment spray and emergency
service water, :

Post trip reactor Feedwater’
System (ROPS)). : ;
Alternate containment heat re ,%al capability to maintain minimal
NPSH (as part of Accldent Man ement) .

Alternate water sup‘l ~ { Il»sprays (as part of Accident
Management) ‘ i

ntro\'(Reactor Overfil) Protection

Information has been taken from the yster Creek IPE and has not been

validated by the NRC staff
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11 SEA Review Pracess

Pl repent oainiartzes the ey STRYS M tlw, PI iiihl‘ﬂm . ,‘Smrv(?rci*k. "l\ht' ISSUCS Fsed n

this teport are hased dna review bf the Stlbﬂll(!dl nn) M!. ;1 \‘lMt l() (ht‘ GONGS site s

.

auiade the scnpe o this fevits Hu |‘al( f : "m l(anHh issues related to the
Y roann cntd aoaloen o OCNGS and 1o xupph mm ‘ﬁnduwx (o the NRC The Review

Prowesn g aded i T 4 ‘m«i xm\suuwnth dL‘un

Phe revien s performed byorevidwers from DNV Teghdiea The. (DNVI under contract 1o
Sepnce Lt boaeneenne Assecnates Tne (SEA). The revigwers followed the process ased by
SEA s e e vrevon T ront end e NICIVER

Phecrceeo oo e mcbde o evadadtion n_f‘lu*(rn&bb (iscﬁs- 10 NRC quiestons thut were

Sentatedd Posod o oor review

L Review of FSAR .m(l Fech \p((‘s ’
Phe NRC orovrded the subontial Sl A m SL"ptt'nH\é IhL ';uhnulvml- Wi subsequentiy
ransmttéd toothe gevaewers at DNV I)NV l)@“\h »\L)rk (m (;kmtwr 1992, Between October
Foand October 15, the review focused on @ dcldlk‘d rcv :‘r(‘)f“lhv S(:anml to develop an
undesandmye o the front-hine and support w&.luns undl t( cmi(‘y ub[‘):lrvn.l deficiencies, il any,
wthe infareiton assenbly process af the l?[;-‘. “The purpo ¢.of lhc pn‘hn.m Y revIiew was to
sdently sper i areasan the FSAR that shhuld he (;(mml‘lc" »for um!nm.mum. ol m!n.‘nmn, and
addional diccuson ot anformation in the H‘i mhmm.xl
On October 14 and 1S, l‘)*)‘,_ the Jatest Lpdmed qu : ’afely.. Analysis Report (FSAR) and
Technieal Specifications (Tech Spees) for ()( N(xS WEre 1ey wed., “This review was performed
at NRCNRR using up-to date do¢ unwnmnnn pruvulz.d bw § NRR';)r¢)]4.:ct‘m;‘m:xgcr. The focus
of this revies was 1o pn a better nndcrxmndmg of: varm ‘"l,ah; systemas, plant design, and

acardent analy s
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Recewe FSAR

R T R

'v"r'echmcal Specif catsons

. Complete Data Sheets

....................
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on Draft Report

...................

RESULT
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1 Humaft Faclors and
Back-End Review

Deatt Reviev;' Report to NRC

Y

Final Review Report o NRC

Figure 1. SEA Step 1 Review for Oyster Creek Nuclear Power Plant Unit 1 Front-End IPE




12 Review of 1P submittal

PBontoen Olctobe: "6 and '\'n\cml-‘n;‘r R utui’lé"c‘* :,&*Z'H."I‘i subita] tor CONGS e

pertonme A L evel 2P RA Wik s.nmmltg,gl;h\ "(»_" SRECK 40 Catisty IPE requurements A

soabier report W subontted to addeess i&‘iizl«f‘\ tjut_(“' e PRAThe OCNGS Probaining

Rib Assesanent CPRA) was cmn]"]&-‘\i‘df‘in I)L"--L_"élm t ;l°)?).l and revised oo June, 1000 A
Tredkbioan” owos prossded wih the \'nhmuu‘lllm g’uidc“: .mu 10 \\Plklfl& sechons ot the PRA
whivh aatied 1 sequirements. The OC I\( n\ l R/\ ! ell l\ N0t been subjected toacpaan

W

Phic sevieas ellort o, m\i i hml/nm.\] lL\’\t‘W ()f it {\wms of (mm end” este< as wedd e
verteal reviews ob selerted Key issues Hw hm]mfzs his-‘-r_‘g:%_vmw are documented in Secton

PEot s et Ehe revew procedire ’l,ﬁCU*C‘(,’.Q!) ftenmy hstedom the "Siep 17 Review

Coidonn o Do ot

1.2 SNGS PR Methodology
CPRA was performed osing a nm\ Vt‘l\l(m of ﬂm} Inc micthod  The PLG micthod s

Been relerred o as the ! l-nww event lrc‘(' km \|I hmll tre: )pruiuﬁh "inchat the dependencies are

conte ersd by bt iachions onethe eve nt ncm m!hm t‘mn,lh(‘ In;uul link my of Lt rees e
Latest modifeition 1o tas echmgue s (hc mlu h‘m,a’ dppm.mh towhich the event tiees e
represerited by tables of rules sue u‘\sful mucomc aré Y'Gt typrc:nil\ shawn m the rulos 1abies,
only core dunigie enicomes The tables ()f mlu cf(cc vely . rc,pldc.c the cvent trees, and m the

Dvster Creek submittal, no e vcnt trees zurc;pmv;dcd f imm ond an: 11\ SIN

Detanded faudt trees were (ic\clupul dmm IO lh(‘ (.nmpc)' t lvm'cl for cas " front-hine and sappost
o achions woe
sesed as i separate
cody Bt the svstem
fault trees. The
-:ktrcr',c"‘s was carried out using the “tales
‘methedoloey,” gy nnplcrm‘nu-d hy lhc /\/.SAMA;’\’ .s‘n.ilw;’l_r" "ck'z’lgfzé. AN uncertimty anafyas s

petormed onthe tigor contributors o the




The methodology used in the 1PE fl‘mﬂ-(‘nll :'llm’!j.\!s_

N RG-S,

R OUNGN Plant
Poo v G e ke umcasriny locaed g Qeeisn €9
cnd N G iio e Greneral }f.l‘n:lr‘w._'13;1_!‘113':111(}11{

Hon manaeenent The umt achieved initial eriti

[IEREAREE RN

[ EE HANT O

rorad openananan Pecember, 1909,

HWR with tve external Joops for- foreed. circulation ot promary ool

ey }

2 v providerd by the maind feedwate denses systems Backop cootiny
e elea hyotwo obaton condensers, ai- Alitdmatic Deg uezZalion Sysem CADSY o o i
CUEn T SRS COre SPEY SV ST

LA st Plants and PSAs

The 1 a-list of PSAs of similar plamts, e

vaewer did not find o listing of similar plants ol

“’(NMP»H The FSAR wates tha

At ciler BWR D smage plant s Nine Mile "f(-ﬂnvtv‘l;Jnft.

¢:arens of reactor, pressute vessel

q:k,r'lﬁ(}dif‘_icfmmns have taken place a

DUNGS and those Tadihiies over the course “of- etailed comparison would not be

e o

Ihe mvor ditterences between (')C‘Nv(f,:'S‘ z"\hd'-l;NM}"’;l that ‘OCNGS his two solaion

condensers, while NatP- 1 has four.




Y Umgue Féatares

Chocon ey o BWH Y feaean, ong nl-‘émi}i WO ustence . A M | eositimnont oo

be IR, f!-,‘i:;_;;n to e ather H\\R N 3.\"”“ : 1“(‘ ‘}"(l.‘l!h' Pt b gt edlores ol e

Cioor g Cresd shedpn e hides

. Conetaaon saferyrehie f vidves ‘ﬂrt nut u& d

YINGSeh vaives are typreally seen

v bt vt H\\'I\'x \mn.ué urm .m ehel vaives are vsed at Ovaer Creek e

reE { valves e not aii np(‘mtcd 'un d() requir (T)Q?“jpn\\'(«'r.(u n[%cn

. Trere e e pressure l( (A.S wktcm. VHOW Pressure oo oant imection sy stens

PET Tater BWR de xapn\ h.wc ﬂcﬂn clrm? Lo doven gh pressare core spras
A AVALENY,
. Pl Wl f',l!ll‘llt_;h have ihlc.l) hOlH l‘.‘ WY Newre s plamiz e Loorer Juinne s

.
3 Ly ~ N I o I t‘, o / . N
At 4]“”/'4! foivpdes i revic! vdilce s o

\i‘ji (RECTCS )y Codling s prowvided by

t:‘éh.dénser‘

.I-s{l‘f.)‘l't."l‘i_‘(vilm(.‘u'l(‘d Lo the ungr o provcide
Bt g power danmy 0 Stton Muckmll‘_‘ :

. Phere ae no anteral) get pmnps m (1)5(” é:'k".fré;jmttnl.‘i(um How s provided by five
Gl prmps, »

. Dédicated mnt;nmncm'-anti‘ng?'"

baced on these nmchwif‘*znurc,s 1 was‘y-.idcmiffiéd t thc:‘k(‘" A TOr Teview are 1eacton

depressuri aton sequene e, and \mlmn blackout .scqucncm I«lxlnm' more than lhuc houts.
. CONTRACTOR REVIEW FINDINGS

1.1 Review and Idvntlﬁcnlum ()f ll’ Insights
Thic section presents our findings, mLIudmg a summ ’f IPL strcnwth\ .md weaknesses, The

fotlowimy secnons address each \mrk_z\r_cjzl">“expltcntl thc urdcr the yoappear in the SOW




e General ()wr\"iw‘“u[ FruntqI?in_(Il;;\_n:‘;\lys}é

Ho b Coinpleteness Cheek
Aderated review «"" § perfonned. between October joand
‘meemnuon 1o venly that all required

6 vmdclmcs of NUREG-1335  Simee the

Noveniber 13
Cabnntid vonsted of I’R.f\ with w)p *f'mr*v';nﬂ 'd(: wnmuun and & cross-eterence tublesths
peses e toacconstmng. The Lrtm-réh*rcnw mbl WM hciplu) bt not completely odegridie

b artance, the de unpnun ut mcthndoinp’ Inr mmé-mmur subtasks were fouiad amony the

stndyodenuds, not g the SUnIniY rcpart' lhc Rcv_mw (-mdnnu its prm wded by the NRO wos

dentenane v n i review of- the PRA/IM \ubmmdl

Fxcept for minor discrepancies cited throughout:this eeview, the documentation provided

is considered o e completes

IR ;\mmummv Cheek

the sabinttal eaploys the “rides modnle {o-the quantitication of plant nisks The

'mv:hw!uhw' v degeribed hm' Iv in Seox,mn of: c‘ (3(’3"[3/\ Dietivlied fault tces o ere

...,,\mnmi for fronthne and suppm\ c,m mwtdcpwdvmuw were handfn U ovan

mmn of {he mmiulec Conunon cause filures wiie

specifie rales which governed the quanﬂ
e eporater] drectly ot the (ault xmv:,,,;_' )i 5, _mﬁm L()mpﬂncnldcpc:ulcm’w Cosuche o
COTTINDN COVHOGICIS S eStng or mmnwn:mcc wcrc*tmmo(i wnhm cach systent, but not across

Wadems Recavery actions were s phed as. \cpurnc m(xlu}ex in the quanbihicahion process A
HOC Lty andalysis wis pmlnrmcd In mncl th. th mcthodolou used in the OUNGS IPE
submittal is cnnsnsuem with the mc(hqd& ldcntiﬁeﬂ-}n" Generic Letter 8820 and NUREG-

1335,

Verv lintle description is pmudr(l ra'gnrding !he artual. ummfmfmn of the model. I Sfaet, the

werieratton dand e mhmmm of rc.mllc el{)cv m;( (lppcar nz‘ Fl('ure 2-1 or in the text of Section 2.




AS-Built A&-Operited Pland

Hed Process (o C nnﬁrm Roprcwmuub
Sectiony b3 and L of the mi\xnm.\l i mde B8 ',(‘.‘\‘,A"rf‘ downnientanen amd methods ueed e
d “pliih!r The lm'm‘mnmn“. used to seneiaie
the 1P ’f smuu' ' ixl.‘lluf FSAR: Techned

Specbicatsns, ();w: itons l’hmt M.mu'il l nwr;!cnc‘ C)pc‘mnm. Procedures, P& and 1 lecteai

Iyovimns, onsd other related (h*’c'umcnts f(\ l.nmhamc th«.‘ PRA stafl and very the aecuracy

st e meedie e the sy ;m»mmm \\.s uwd

. peneral walkdawns m fﬁnuh nm' th am with (the drrangement of the st i
REIESINCLIN ‘
. s tems anahves \\.\lkd(s.\n\ M’tcﬁﬁ’ ith a cogmzant plant enpineer, STAL

SN TEF AN

. et moded \\.t\kdmvn\ l wrli

c‘lctemnn

m!nrm-'nmn

.'Vc‘n( !wquen ¢ L)mwmm (ESD) were pertormes],

. repetiive rcnu\\ nl !hc,,

mechngis mth various nnhly pcrmnn ‘»mcmdmg operations, safery analvie, and

tainmng dcpmlnwnls . l(,),vcnl«,\-_(hc validity of the plant models.

Hm procedure is thorough .md mmld ('n.surt‘ tha thi' plnnt models represent the as-built,

as-operated plant. The F SDs are \er) hclpﬁll in. documcntm;\ plant response to accident

initiating esents,

N ! Internal F lnudm; Mvthodolngy

The OCNGS flood analysis. \m\ dmdcd in m tw onc wmplctcd as part of the Level |
PRA 1w tmh LOCA mm.umg, cvcnt: are pmpaga!ed hrou;.h the: base pl.mz modd the other

performed as a separite “screening’ an.\lym of: qpccfﬁ' oodmg events.

Far the flood events which appear cxpli_éil;l)‘f' 1 the Level 1 PRA, flood effects are addressed

the rules maoduies tor the mitgating svstems analys G the Toreening analvses, flood source




el Cipung it §?‘i‘.|(i(‘!l d'.’i(.\ \\"(:‘”l"(‘ "L'(v')»l'll“ilf.‘

e e b e icant e plang risk \\m(- mc:l

appiicad fo these Hoods,

Only components which wer

griipinent and source information,

s thoeddme m'mm witte wdentified, ‘(*,nn‘ 1 Lo andd feeovery actions were then

N st e toed areas were adentihicd, | The sereéning analysis showed a total CRIE o

LT e B peprenents aboit S50 1he Corg, {'iiltliii{ii;"fré" ueney. ‘A[\Pllb\llll.llt.".\ T8% ot the

Hoca et ad ChE e dae o Toodsan e Tarbine Bulding £1B), the remainmg occuried i ihe
Fooac o Bobdiee (R Stembicant contribu Ao flood were

. Ceedwater Hine failure in B

. Cicabanby water hioe fluie inSTB

. corvice water hine Bnare RH

Flood frequenowes were gquanibed wn'g;’ e M’lrall?l‘) ,u.ti_‘i/afh\‘t",/’r’ir Probablistic R sk

Vesesmient of Ligie Water Reae tor Poneér P /(ml.k \’Ulum?’ Flood Data - ‘The tfriequencies for

cach binhime were partiboned o un(lm;' fo: th- numhcr 0 tems in the applicable OCNGS

Bl A

The reviewers were unable to find n ﬂcpu@’c‘ summar frccullk for the internal Nood

elTects which were included in (hc 1. ()( A analw«ls. for I:OCAs oulhi(lc of mnlmmm-nl that

are not isolated.

In our judgement, the ang ll\‘ﬂl& Wis. Ihomugh. nllhoug, ,lmcult«m fulluw. Without the

henefit of o plant tour, it js dnlﬁrull, to_gain vavclcar,und" ‘ndin}.. of thc spatial aspects of

the flood analysis, We are not- convmccd thm all ﬂoodl" sourccs or water propagation

effects have been considered, ancd on. thé ctatls P nvided the ccntral conclusion -

namely that there is no su_mlncant (hrem from inlcrnal o_odmg,- seems reasonable. We

cdo, howeser, have one comment:




RTINS KV APV SR N thon FobD ,? af {/w itiil Sid'.,\'('{/lu"’l linan ‘1{/ COPe i b

rsvevoo o fodion mr sl ulmu ik, 1 ()I A mm‘ ] (H(l_i‘mm'm o the Reactor Baliline i

i cvdaied The redsan rm Cdisre m/ilm,s: flu\ n

z':("\‘l(/:ﬁtjit')_lr_/hm' Willl he diveried 1o phe
Lo v iy ADS and there e water o the Reactor Builidie 1o

FULOE action 18 piost ikelv neceded v open

NG e s e, Yirreference s provided o subsiantiate

: Se'rw‘dim) of the Level 1 PRA The

PEA Wi reviewed nsIng Iwo pnrullcl otfnrts'"“ n nd('pc‘ndcm the hmm FEVICW Fronp

PEH G the othier by an external (:(mmlvtfv\m‘ »-l'!mhfr‘ / ws t(‘mk pl.lu .:rl_y i 190t

Phe TTH G e comprised o a muln~-di~;ci‘ﬁl;‘l-s‘m‘)ﬂf"nl)( ) u,)rgz.jnm‘/,mumul Sroup ob mainagdme

pecaonael nodoectly nvolvedan the Level 1 PRA; 1 LIOUP MCL onmie octasions from to

Febiey o My 1991 Based on the comment8 ligted in Appendix D, the group pertformed an
e il revieay of the PRAL v v
Foviw by plant pe rmnml who-were nut lellmr ‘PR'/\.{t-,!ccjurrvd maostly at the Faom
sednence Drayram (ESD) level, As «tnlul in thc PRA ".iavf‘C()“‘;rtcliryze.c difficult to directly link

the PSD widle the /»Iunr meodels rules. Tlus prov},(}

urther justification for the reader to

ensure that they fully undrrcmml tlw pl(m! rulM Sfiles ér\bb(ih,_(mf()ctl.vilug_ shlvl_y on the LEND

dragrams and discussions.”

The external review was performed. by-f)r. . awd H- hnson, .a consultant from PLG The

satute of the ¢otents indicate that hm r«:vicw Wi dc}tz"\‘il‘cd. “ It is worth noting that the

independent reviewer was also lhc,pm,]c,clt

I PRA.

man.f_ng(‘r r ‘VP_I,.-("';"S'.c'ontrivhution of the Level




HL12 Reviess of Accicont Sequence Delinedgion and. Sgatéms A nalysis
1.2 Tnitinting lvent Review
The tes o of maiing esents ‘.\;H-r;n'r‘ncd]n ¢ Hméh(k‘cl h\ \unnn 0L of the Drat

Review Guopdanee provided by the NRC

an At plant sadety unatians 'I'ht‘_1_1'1;1“(‘»!_’,’]0@!8

coclnng 1o wanv s whn'h the hazard M ,«’;uﬂ(

comtrnetion e than g depieis vanobs umdmuns W Inuh nfight lcml t i release of radicacnve
st e approadh represcnine lhnmw'h mvthud h)r m nnf\ms' posable T The master

fogic diseranm appears to amit cont; mmwnl h\p.uss wqm Cos, Ilu eim fans prodoced o b

v m'u.n,ux: coentoat the une Hurml lt\t]
Phe st of timal s was produced from thc lnp&. dmgr Chy reviewing plant and ndustiy
oneratine ovpenensc ather PRAS and ludhm,,_ arts:Of the sk model (e, systens
analveest The vompleteny \\ ol the hst wins \c | ab operiting procedure manuais

POV N

The OCNGS PRA reports imnnnng cs‘,cnlS.’f\ £ psirath ﬂn’(‘i\ié(ihcl events: At thig level,
"ﬁrm;. c]U‘mnhunon Based on the

minrm.un-n presented s Seetion 4.6, some cvcit .s‘\r\crc scrccncd

1 Feedwater line breaks outside containment - -

2. Core flow blockage initiating events .~

L Leakage at URD or mstrumcnl.nlmn'f‘:' r R\\LU bottom head piping

from the Imlmm of the \vss(-l '



‘ \'u HAYACrelned THS were .nml\ /til T SAR it OCNGS concludes that safety
On,l“("(}lfﬁing; including the controf room.

vitchgear rooms, but these failures

Fhe OCNGS PRA provides a (’krmilcd di§ ,xsibn;d!-t_ﬁ d;;pém‘}lcm:ics betwedn Ths and nutrgating

st mehding front-briae .md \uppnn w\wmk mcm-x v the CImating Bvent g

Pabie” sohich prosades o mmnmw o hn\\ uu. h. ummti o cvcm pmup affects the spht fraceons

The auanttteation of mm»vunt\ 1 dcwnbcd cclmn 4.6 of the Level 1 PRA s

s tron oronides o de m:ul Jmmxmn nl lht: mcnmdoic S

; -.'md-mnxuh‘mlmm tsed g the g1

PRI ) . - Y .
SRR A RGN TR A RN SR

Phe methonbalngs sed 10 (h ve Inp p] ml %p((l w I‘, lléllc‘lé‘&'\\’m‘ the same as that naed 1o

quantity compenent falure pmh.nnlmc‘ ‘fh(‘ mcthod is based on the Buavein

anerpietation of probability, and m\'ul\"

(hc dc» lé mén‘t‘ ol @ prmr distribution for “nepeic
ariormaton regarding an event [‘H‘nlﬂhlht
Cepectie evidenee. Some mm.um;' (133 na‘

svstemsanaly s approach,

[he yenenc plint frequency diaribation s taken -"Irom,ﬁnpcmnmz expericnee reported o B9

B Naot all BWR data were used ;for all “event cmnsc of differences in plant desrens

Plant-spe ihe datia were tiken l"mm Oysier ;rcck cham -ata nnd transient event reports. krror

factors, or similar infor nmlmn reg: lr(liﬁg ‘the dlslri iﬁn of generic data, are not provided
in the 1PF. This is nnpnrtnnt mfurnmt;on, smce the error' fﬂctars can hv ity influence the
final point estimate used in the (,.I),l quamiﬁcalmn o
The qn mll eation of I fruqumcw*: 18 re; ‘bmmal nmkcs clfc(mv use of huth
reneric and plant specific d:uzn The l 0 A da!A rcfercncod however. Also, a s,m[.

cheek of o Key 11 - Loss nf ()ffsnc I‘m&‘m L.4n i(“rrm’ factor of approximatels



12 was nsed fop this event (assuming lognormal prior tisteibition).. Typically. this it

comes from. publicutilities commissions aljclfl‘é{o!‘f gh.guality. One would expect an

error factor of less than 30 2 The hiﬁh’ ("i"t'(it"':"ﬁ dé 1o reduce the mean value,

Assiming an error factor nl‘ 3 lmtv.ul n! ll2‘ pmdm | mmn vidue of 6252 rather than

L2220 admost twice the value used m lhc‘ ll’l, lurthcrmnrv. if the plant evidence were

. mistead of 0, with an error l.nlur of ? lho l ()SP ,|m‘m‘.\,'4ump.\tu 8.01-2, Since the

LOSP initiator dominates this 1P K lm'l mnm ot»)er\)_ an’ examination of the prior

distribution and plant-specific evidened m:ny;b‘evw.m

Senérad o the more Bikely imtatng (.'\"(Tnl-s ﬁufth 51\&"1‘. ¢ .\n(l !mhm« Py iave Bitrly fow

frecguet e at Ovster Creek - N‘t\\ct . () 7 ﬂhd 0 ‘) pt‘:r your:: s lk nnl un\lm o see Vb tarbne

tpe per e Phe Jows valoes o fhese mo 'i’\)uy: l}(-‘. ulu‘v to the matinny of e

,‘\'vug‘.!

phant-specific data, The sources have. Iwerl l(h‘nhﬁ( 1 most ‘cn'ws.,ulllmuuh some of the
LOCA data 18 not wlvnncmhlv : _
thotough,  The impact of initiating: mcnts on. fmn ine-and support systems has heen

modeled,

A hetter deseription of the process Inr .scre nm;, mt(int[ng 0\('nl.s hnm consideration should

he provided,

11.1.2.2 Review nr Front- Imc und ‘s :Anrn’lvv.is'

The lulluwnw front- hnc and. suppnrt ‘;yswmé were analy d: ln dclml

Front-line Systems
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T mlum Trip and Bypass
Reacior Pmu(lmn .

Minn Steam lm!:!mm :
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Crireniating Water | s |

astrament Aar

For cach ot the above systems, the 1PE presented a bricf deseription of the system as modeled,

a desenption of the top events m.‘:nsidércd"an(_iv;&.!;;uccgss _cri"t. -'Re[ckrcncésv are provided for the
hases of most suceess criteria, - Also pro\:idecyii;__;})r‘.cv..Suippvo‘rt-
configuration and operation, periodic t'csvti‘ﬁg-;f‘gﬁhq‘hircfn)ént.
potentind to canse an 1t applicable chhl\ic’al\$_p§éificfﬂid:is ”o:cj'cvl_ing assumptions, split fraction
defuntions, conumon cause :mnlﬁ’si#. and result ‘ The dN.u 'i.voﬁsk:zirc, complete and ((.‘.\“(hc level

of actard adeguate tor review Fault trees ;rn'cgchcli-)s&:d;‘b\- mtfis not gt requirement
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Aot e T disd

ooyl dive s o HIVAC \\"’\I(HHS: 1\ x X Subﬁllll i The P tedl ESAR

NGNS conclndes tha Hvt\ el e u,mpr ".rl'_ming: without toom coolig,

it budiee e control roon, hm llmt mma“

switchieur rooms The PRA does mu(k-l \c

.

swatcheen bar s nov eléar af all ru;mrc .l'nt examphe, tor the

SO v gy s tenn e ml‘cr\'zu‘(‘ not seipiieed. baeoae
g hwalnoe Bor Ui adsemption s plmukd ’\ﬂ dl& nf Ahe need for cootinge o

psirhe e b the fack o need ) or - thes H(w() V \wnuh;, s.f[’nmaulml (Perhaps the d oo\

SWHC s s lowated e the Oy \.\\'n‘u.l:s*e‘rr ruc«mu fm w umlnunn 1s modeled, The PRA
ot Chear o e e Y Weeceonhd find rm (’ISL[J\HUH.O “V/\( tnr (h(‘ control room in the

PR

from thc TECIe pump trip svsicin

Sovnode e o the regircubition VS ln \\us pufnrmc i

tor ALWYS wegnences, and the uumdcnnmn of a’ pump se) O( A a8, dn titiating event As

disenesed Laer m ection 1125 the. mhmmz :

ﬂcldrcwny ses il umluw durin

Bitigation G teamsaent accident mumnng 0\'::

ront-line and support systems

OCN(:S IPE, except for HVAC

Based on the review, s um(‘lndv(l lhu( all nmporlan

required for presention of core (megc are mndck‘d in t

and recire pump seal cooling, Further Jl.ls(iyﬁ(?all()n for'_

modeling these systems should

be provided.

11.1.2.3 System l)cpcndvnuvﬂ and Mlppnr( Mstcm‘

The OCUNGS IPE performed (‘nmpxchcnswc an

alysm of syt:(cm decmanct'x ‘md Support

svstemsdatersvsteny dependencies swere treatd-in “thrut_\ B 'i‘;,v‘supp(nt oy \‘nppm‘t. SHpport




Jor trsnt Toe ot oot bine mnum at dhiterene o e

Goreriaee e Be oy aned ety ‘.Sﬁmt 1L‘{‘&ne encwes are bsted o anae
b R I SRV O 1thesg t;i’hl(*-‘ W then gaed 10
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From the review it is concludeéd that the ll’l lr('ll(“d (‘pcndencics between plant syvstems

dcm‘mncr wrv ulvnnhul other than the

i o reasonable and consistent manner, _1,

issnes associated with HVAC and recire pump ccul cooll g as. prl‘\'luusl\ discussed.

1.1.24 reatthent! ol Commoan ( ,msc I'allures
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Vs due o common Chuses,
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The approach vsed toquanufy dependent failures 1s the \k J-known multiple Greek feer (MG

method developed and refined by PLG. "]‘hc O"f‘ "lf’.f rches }éawls upon referenced materals

to Jdocoment e method, procedures and damb l<c u&ed jhid
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e ntade transder o
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assume din the FSAR. W hil(' lhc l SAR C.hn t«’r 15 n'nal
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continment venlipg, mm.mun ol core spr. Y : D(‘ p(mc u:w\u\ ol offsite power,

mation ol 1Eomakeup, and wnlmnmcnl“v' mmb_ No ingle. pur.m)r .\Ulnn \\d)\pmpum«m nely

Lneer thm the others, m fact, the tap tcn 0 )cmmr .Kll()h. Sntr._lbg,nc trmn 27 166 o 1.0 1o the
. f . nr

tolal ¢

Damisrnt lqmpmcnt lutluu.s S

Fanbure ot an £ \H\V 1w dmv 1%, \u.mhun becayse s nl. ‘s cacmr c.onhmc v (hsch wee 1o the

S/ to Allow 101 Iow pressure covlant

I8

injection “The continued Iu‘ i rqcumn u) lh ‘toms prcs B dcmnnds on thc containment cooling

AYSICIS ’;loss of NPSH for the core spray

It is noted that a common c:msc f'nlurc 0 the DG 'mt- appear explicitly in the top

sequences. Ttappears in (ho top soqucme but is cITc' vely mmskcd “The modceling of the

commaon cause Gailure of the l)(-s is ¥ lther c{)nfusmg' uc to (hc chun;.v in variable names




the ;);}l‘falti\‘(\ (lv.scrilw_s the events as

for the CCF event from Fld to l"}”:l.),:_,’ .“t_ur\‘_t”hér,nmre

il they swere independent failures.

Dominant Sequences
The tallswing ;m.‘\m l[\h\ &umm‘m/c | thu
poeitormed o :
Appreadin € of the PRA (Dt ,Ill.u‘d R’L‘:.‘«U’llk

calenintiomal value provided in the texta 2

estnate aad the value qumcd in the ll’l »

rrobabulies shehily less than 1O - we ns\umcd | () for bc‘&c c\cnlk

B R Loss af offsite pmw:' I()H()wul b) ln(h pu)dvnl fatlure of both emergency

dww!’;wnc rmors ~(<.u"m<3n l)_!, Ut uh wu‘csklul Im of EMRVS and

lhc recovery of

Scenaro liming‘ns}? nunu_lc. fromi L 10 corc. d,mmgv

OCNGS,

TROET 2y Turbine trip Ik, fnllnwed by ind cndcm fmlurm of both divisions of DC
power for 3 hours. Loss of. DL po je d:sablc.s all 4160 VAC switchgear.

DGs may start and nm but Ci C‘Icwdcd onto.buses, resulting in &

station hlnckout Reactor akop 5. not pomblc however, MSIVs will

close on the lusk of D(; "powc fctya;valvcx will cycle. eventually

i

depleting reactor mvc-mnrv unlli fué 4_,unmvucd ‘Scenario tming, from

1110 core (,l:nn:mc_monlyv_-nhon-t 20 O'rmmucx.




NETLIEER R TP A llm xunmm m adémi

reae \Ul lﬂp

H.1.2.7 Front-lind and lh‘lék-l"nd v‘lhterfﬂ‘c.(v.‘"%

combined endstates, No lurlhcr mfnrnmvi" ro¥l ,
performed.  Tor c\.xmplc the cu(ofl’ I|m|t or ccqucncc quﬂnuﬁcatmn was found as a

footnote ina l.n;,v printout of M'qu(:nc(‘s.



Hased on our review. the tollowing concludi

S-poks’ihlc that consolidation i

. Fmportant \u|l|cnu~\ were nat: x('rtom‘d Gut

have caused some qucnu.s 1o b' ifncorgc ‘tegun/cd. .lltlwmh this (|()c\ not

3 Onsl‘;tcnt with NURL(. l’ch

appear 1o be the case. - The «gret,mng"cmerf

cndelines

. The bases for grouping logie is netprovided nathe IPE. This should be provided

1 osome form,

. 'l amage States explic sidése por ant-reactos and contipient

olure of core umlm; vqmpmcnt hvfhigh cmpcmtunc In other words; the L ‘
vecurs TSt containment. dm afs} »
high temperature or foss of nduquatc NPS. ASfThis important physical insight
shiould be addressed. .
1.1.2.8 Multi-Unit Considerations _ _
Ovster Creek Nuclear Generating Station 18 single-t th_.i,{unitconsidcrznions are nol

applicable.

11.1.3 Rowcw of thc JI’I Qmmntatwe Procc

state analysis. A description of how (hc codc produccd quah(
provided. Details are provided in Sccnon 5.4 of th" PRA ‘wit
quantification process. - Informative dcmlle pcrmining 107‘

be provided. A truncation limit: ol l l3"~|s

A truncation limit of SE-10 was um,d in lhc plnm dnmagc st, sc,rccryln;, analysus.




Cwere found.

soundd

soemarion model

Feguency distnbutions were plom.d tnr 10(‘\ sore da r"cq,uc_l}c)ﬁ:m_d the top six. plant
damaee staten” egueneies The pmm cstmwt t(n &h(. (“ 8369 0/ve. The CDE distribution

Posedd an e recertinty analysis iss

Mean | ’v“j".(\‘)l‘.?’(\"‘ |

vl e cntle | "‘\’l L
M CRIES cum 1 lmm lnymc 9.l -of PRAT
Sthopercentiie Poathen e

The yuantilication process is: valid, ,nltll\o_ugl,t;»_.f(lqla‘li_ls'

throughout the PRAL 1 would be jcpn.vc_‘l\icri{r-(ﬁthéses-_'(lctalké cr é()gc(tnttfaitccl into.a single

location.

.13 ()u.muluulmn of lhc lmpd(.( ol‘ In!cgrn(cd Sle\‘s.ﬂhd Component Failures

Spht fractions were quantified scpumulv in lhc CDI calc "'*BCC;msc component-fevel

informagon 1s lost i the process., (hc qudnnﬁcntlon ol CD H ully mtcgrnt.d only by use of the

dependency matrnces



Sssumptions for the 1 MR\’s \\nuld r(!d

the LOSE and contaimment hvu wmm‘ il

results The sme s not e fm the cu\‘c’

fail to point out lh.\l a l()‘/r mcu"lsc m f'n

D,

1owoudd vive beensbeneficial o examit (. changes it data or assumpiony

periatng o events which- have: traditionaliys: demnisia ther PRAS, suclt as commni ciine

11.1.3.2 Fault Tree-( nmpuncnl l'mlu.'
In general. the OCNGS PRA - ditabase * w

comnbire e cumulative

of “nuclear plants. wath

¢ cm)hng pumps. batteries. diesel

were analyzed  Incaddition, service W atcr pumps. umrumem mr prnnary mnl.unmcm isolation,

Generice Data

AlL genene data is isted in Table 4.3-8 K

regarding the generic data uséd.’ er: f;lcto, ot presented, cither.. The only

mrnrm ition provided is a wﬁ,rcncc fo. Pla_ or nuclear reactor PRAs. Since

ot Y Sy s

e e




Conly 30 component failure rites utilized plantspeciiédats -fthi\ I(‘ncn 4 vast amount ol

Filore datae without a deseription-of the. dil

Common Cauase Dala
The approach eed o quantfy dependent f':i'ilil'l‘c

method deveinped and etined by PLG, “)L (-3(?:

fo docuimen: the methond, ;\r.:\cumrm_zmcl‘c_m(.|béucg.t_mc’d",l : (v.'(‘.'l' tw;nmcn( ,

Poventiadly th

eventy are e focorreet for dissimlafiies

svstom redunddanoy ores Arn s;\'st,cmkau“mi'

prapphcable tnot possible in Ovster ('-:ch“ék'). ._/\f d (‘mdil. “Uhe Prmary - source

ol cencne cotmon cause data Loowas the P, L Cause database”, yet we could

Pvd nos other event dati source (In\.nnwnlvd ’wm:l(l,}cﬁxpum an Oyster Creek

.14 Methodology for Irlcn(ihc ntlon M‘ PlantjVulncral)illtlos

This secnion presents our connments rngmdung‘ our/rcnc m/ll"L mcthodnlog) 10 dentfy

nofa v‘Ulncru,hihty as "any core

It s pnss:hk- using the ()(,N(.S cr:(crin. tn hnve a com' nent conlributc lo 99% of the

l)l'. and yet no vulherabilities wnuld hc idmliﬁcd by their nyumcric.\l criteria.




Y 1Qd‘if‘iémmns‘

Deispric having no mcnmu-d li‘tiﬂ,lbcfi.m‘l potential arcas Tar ow oo
ng o the licensee. enhance sveradl eaion

fs.!fL‘l"‘ .

T DX ulnpmvm <\l an: cmq*rg(‘ncv

urc 'f'or Loss of DO Power

N e m.wpnwm of an c‘mvrgcncy

ly

A

< ('“‘lmngus :M,. maintenange.sched f(sr lhc core APIAY  SVSIC 10 Unprove

<lm\mnm

(v,

"

N ﬁc. guldunu‘ Armming, and provedmes for
('),

hese Tow cost modific; mnns shms a 1,,00(] appllcﬁtion M 1PL insights. The tmpacts of these
planned mu«hln.mun\ were nnt qtllnuﬁc:d hOWCV In th( of tl\c strong dependenaies an DO

cleetne [\(\\\U the pmch 1se of a p( rm"lc DC goi

!Qr,j(,l(qtn#fl uhuvc) .s‘h(mld be eviduted.

The IPE adee: uiv takes, (rvdu for thc following plan dim()dlflc«\ll()n\ (:mplum nted after 14R);

I Use of nu, lnrkcd ancr?-sile vforfvalwmmc _A(.,- powu
LA h.ml plpc umtmnmcm'vcn system o
R Pm\mom for dn all ménuallyf initialec é,bhlh.jnt_imcnt spray system.



P2 Reviesw of the Ticensee's l"".'\';llnutimjf‘:‘,()fj_.,llié}DllR ;,un;c!i‘_g;nv.'.

1A
»l ailure oo

,HIR iumhnn

“he
deeay heat 1o

coad thd b aoe

~

Lantan e ‘\‘t‘i

with the 111 definition of DHR, IW fn(‘uﬁlhz.. ﬂclly: 0

other favets of UHR Are mmllcd

i1.1.5.2 'E Considered l)ncrw \lo‘mQ ()I' I)HR

Che 1P onen e coveral diverse means nf f)HR -'ﬂ': ‘i(msimc‘:.‘m\' ol DUR. i order o

P Fesdwater Condenser
ewater

o .
MV e avinlable

T Dodation .("utuh"nwr.‘; with ‘ﬁvlilk(‘: i5 {10

if
Mit‘.d( ilf)wc)umgv RE R)

The iane of recuenfation puaip seal farlures aftcru g,cncn“_'\' 10 ient has not been adequately

addressed and this affects the resolution of DHR?: ‘SSUCSA :

iL l.. Unique Features

The Ovsier Creek Tavility has u.,vu'ﬂ umquc femurcs wnh mspcu w DHR:

Qntx\inmcm hou remov al, many

mppor} required. for operation.




. Th“n‘ TR high p,m 7 ca ,c‘l"nu tow, pressure coolint e tion

\\\(L”‘ ll P(' l) l «l“.‘l["; ‘

"Wm dll\'«.n hmh PICSSHFC COte shrn

TH.

The OUNGS P RA “for nternal events The ceerall
ethedalor o consistent witly Greno  ; o B8 and NUREG 1338 The ntarnnon

pre e sppontid a honzontal revicw,

: PRA\ {or l!\\ R |)l.mxs however, a

fesws have heen mmmm e h as lc:tlx 't-'\_l;smlw:ncr- line breaks outade

comtamment. The 1B freque m iex \\*crv[ asonable approach. although the crrons

Fctars were nat [»I(yxlxlc‘.(l...
The svatems analyas pumnn i mmplm eré-drawn for most system failures Al
magor Tront-hine and \llppml Systems” wcrc moddc( ‘the Jp'('asm-)lc»cxceptmn of recirculation
mmp seal cooling, Loss nl HVAC rnom coolmg is-pot-included, based on FSAR analyses A

combimation of plant spc(mc and pcncnc data wer to quzmtil’y basic event probii aties.

CComman cause failures were cvalu m.d‘ang the ‘Mulliplc Orcck Letter Mcthod and are

propagated correctly’ thmngh mo modc Ccnmrmg occurred which may . uire

further investigation,



Fhe inernl! gquantification of CDF AV ktl.ld‘j,vt‘uh‘s-nu't'hmlnln;"\' S evolution

ndthe Yaree event free £simdld fanlt 18 'né;b;f\t!v'j& credible, however, 1t s nat

anenable o reviews RSk sl ceellent muannes,

n conclusion, it is oar opinion that’ §a good lievel -1 PRA. with mino

wedhnesses Responses 1y the agsues't wowill-help 1o correet © 0 weaknesses i
the subnstal The approach (oHlows i d U supports OCNGS s conclusion that

noo volperabihines exist at the facility atton should substantiate this conlasin,
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| VIN"I"I‘{()‘I)_,l\!_(:{'}"[.'l();N

contractor task mdc: tm \tcp l revi
include the following

'3 feqiifement

present our evaluation of the Oyster Ceesk IPE

“Appended to this repost 8 thc IPE l valuatlon
Creck .

Onster Ugeeh APE Hack-End Review

sults M‘!hc S¢ IU\ FECH Review ot the
ind subniittal (1]
1.8 Nuclear Regulatory Commission

e NRC Step | Review objectives, which

This techmical

cﬂy;dcqulhc the Oy ster Creek 101,
Hthe-contractor task order Fach

In Subsection 2 2. we
Out Our Assessment of thc ()\ ster ¢ reck S.melttn tr¢ng_h< ﬂnd weaknesses ln Scumn 3

W

‘Shect \\hl(.h we complu:.d on the Ovater

Revison EMuateli o 1o



Clhe it I lmlhu(lnl()p u'«Ld I8 (1(‘drlv dC: :
folinaed s Consistent unh (;(‘ncm l L‘HC!"’(JIM

2.1.1.3 - Process Used rm~ |Pr:‘ .

As noted in Subsection 13, [ cport "]hc analysis of ()\ ster Creek
Contanment putnmmmc was dLCUmpll'\hL ;
Level 2, as defined in NUREG/CR-2300 ]
dentitication of 19 plant d‘mm;.c states (PDSS,
For the Level 2 analyas, these PDSs were condcnscd lm
(RPDSs 1 Tor which containment event trccs'.(!“‘f Ts) wer "elopcd Representative sequences
wuore selected for cach KPDS, MAAP3.OBRev, 7.03, v ed to ca!culatc severe accident
event timing and containment. loads for eac f.ihe répresentative. ccquenccq

‘Cy of lkl() pcr year or greater
set of seven key plant damage states

2.1.1.4 Peer Review of IPE L

Indcpendent prer review of the ()ystcr Cre: by:th 5§ ‘member Indcpcndem In House
Review Group (IHTHRGY is discugsed in Subsc(tIOdD ,pen’dlx D.of the Level 2 PRA. The
HHRG review comments and their disposition are describé i Subsection D3.3. - Of the nine
HHRG comments listed, only one led to a textual rchslo t was concluded that the other
HHRG contments could be adequately addrcs ed by: reﬂpo‘ 8. only to the reviewers who made
them It appears that the Qyster Creek IPE dnd rccetvc adequate. and appropna\c peer review

it Ot 100 T0ad (R | APRCRYRIN



2.1.2 ("0 ntainmen l A lmlysts/(- aracterization

2.1.2.1 Front-end, B.qck end l pendencié ‘ :
The imterface between the Level 1 sysie "analvma an _heaLech 2-containment analvsis consists
ol asetof pl,\m damage states .(Pl).S,s. : oflhé level 2 PRA A PDS s
' "whu,h werc anaI\. zed in L c\cl I

“on the d'\ m.ll Nloaor, wmammcnt prc. ) status avallabnlnv ofv.alcr 1o wul
the cote debns, .\UpprCSS:I()n,pO(ﬂ_C,OO“ 1d co mmg Othcr sccondar) (.ondmom
wWery .ulm wmiduad M -Qyst '

(mmu l eter :cpmtmg. criteria Lach.qf(h se fn
stbse qmm I ucl 2 an.xl»scq h dppcarst : _p per. ﬂ,

nce frequency criteria.” and are listed
vents-used to-further analvze the

_ the. potcnttal for in-vessel recovery,
the phc nomena a.s.snudted ,\xnh cx-.\c.ss 3 i ) ntainment.integritv challenges.
containment failure, its timing, and the:cffe, T safcguard s)stcms to mmbau oflsie
releases Hu, CET cnd ctatca wcrc bm' geth

Hm\cur fex» er events were anal) Ied du
quulmn\ at Peach Bottom, as Lomparcd .

The Oyster (Ircck CLT, shown in F,igur'
21 3.3 for a further deseription of CET:

Ovster Creek 11 Hack-End Review: "Revison 1M areh 9 1994



o e g ST S e et e A L R

R it i [REE S -
A PSR o N . Sl
3 - R ;

'; appcars rcasmmhk hux s aitliy ul' o
’;bmplowd and the <pht h.unnn lu;n tsed

ate not given:
frequencies dnrcul) Hw Ic.admg. rclea n '}' ff in ‘suhccumn 2120

2123 Fasmrc‘z\mc;«ana,Timmg

e potential Lolare m-\dn of the : \
terpseratig e pressure, and dead load’s I'suh o he. dl\\\(” and the NUNRCENE chigmbwes o e e
casedered The Solure misdes cmmmi..d,uiduglc Lo

! Membrane fadares of the dx\"'\wli‘.“éha{lll-'fsp
; Favlure of the devwel head flangé seal” -
1 Fasdore oo the vent hine from lhl“df\’.\\f&t“‘ o
i Faitize of the nlm‘uhx o thm

N barbare ar penetritno:

s ran&mg fmm mu Ftod, *un FooA
lculatmm An overall uncertainty vahie
ncertainties, whose rationale for seicction

‘crétt_cs of 300°F and 700°F are shown
:mode with the east containment pressare
inge connection. 121 psig at 304" F alter

fm accndcm proyccsmn the suhanuun

n |dhlcx 0-1 and 6-2 ofthc cvd
wars that of lcnkay. (hmu&h the bolted

2.1.2.4. ( onlammcm ltolatlonJ'allur ,

Containment isolation Iaalurc 8 cone:dcrt-d part ofa ant damagc qmte ()nc of the primary
conditions taken into aceount before binning plan age states is the "Containment Pressure

Onwster Ureeh 1112 Hmth,‘:I)([RC\'iC\@’.’-’ - i Revicon EiNarcin 9 1o



A stated on p(n,v 116 of thc Il’f <u mmtal ting\lcaks were not specifically

‘ nt.is continuously monitored for

‘ alerted to such leaks and would
rc«paml «umrdmglx Thisis rcatonablc and consistent 'hér:back cnd assessments of
factlities with inerted containments e ,

2.1.2.8 ‘ Systcm/”unmn Rcsnonsé

der the top event VB of CET Fach
ry potential

'l'n‘p Fven Number 1 n thc (-'!"‘"I“' (chrgené rewsvent htainmcm i'n.('?mc [)amagc

ratges tmm i} ()l

Fashore 1o vent) 10 I () '

core damage” ventingan the Level .analysis
ANAL VIS In addition to wetwell (torus) ventin
"procedire-activated” for thc rcprcscnmu\

page 10212

About halt of the CDF g alku,atccl 1o \Io \’ s8],
Vessel hreach (after core damage) is prevented: by csthcr ducmg fire prolu.tmn water \\hm
the vesselis under low pressure or prowdmg, umClent 3ol rod drive hydraulic system” flow
when the vessel s under-high pressure. For both Yes<c| mjcctlon modes. operator action 18
required  (Note page 10-2 of the Fevel 2 PRAY) Thus i ars that this eperator-controlled
cooling function has a key bcarm;. on lhc radmlagxcal‘ rele: ofile for Oyster Creck.

2.1.2.6 Radionuclide Rclcasc (.‘hnractcriz}i(ic’m

The radionuchide release d\amctcmanon is- dchnbcd in'Section I oflhc Levcl portion of the
subnuttal Release categories (qualnatwc dcscnpuonsof‘th containment event tree end- state
bins) and associated source terms (quanmauve —cscnpnon he:CET end-state bins, including
release tuming and release fractions) are. 5cncrate ' 5dcfmng the releasc categorics. a
source term event tree (STET) is used, as stated ir ~"The purpose of such a tree is
to define the different release. catcgoncs fo ! !erm charactcnsuce could be-
sufliciently different to warrant a Qcparate so

The STET is shown in Figure 1 I- ; Thc charactcn?ﬁtlon of the 'admnucllde relcaqcb from the
“contamment are a function of the seven top.events in thc QTE ‘ A‘ seven-character end-state

ovster Ureeh 1 Back-Fnd l\um\ ' Revison 1/March G Qs




nd H-‘ The seven STET top events were
| status ofccrtam CET top events The rules
fsf re swd,m, Tables 11-1 and 11-2 The results o
| ‘ ﬁééh release category was assnened to an
Cbﬁstrvafivc condcnsalmn " From this, G

y'nnp\ as hs:vd on pa;c 11§ of thc h,cvcl
deseribe d for cach }\R( \tamn;, On p‘af_.c Il

qunL time \) for cach. lr\R( is pr
distrshution of Cslwithin the vesse

Size nfwmammem fallurc"
( unhnnnwnl h\pdc\ed’

ment faure”?

q]d-bb‘lrcpdr_lcd. "any functional sequence that
eacmr‘ }ear and thdt l(,dd% to Contanment

requtrement \uc ldhlc

d porlra\ ed in thc subnmuttal It appeats to

2.1.3 ()uan(uamc ( ore Damag Estimat

2.1.3.1 Qc\cn‘ Acc:dcnl Promg snon

The accident probrccxmn analy m performed with MAAP: computer code, is discussed in
Section 9 of the L.evel 2 PRA - (Note the limitafions and assumptions used in the MAAP analvsis,
as described in Section 4,3 of the Level 2 PRA ) P résults are discussed and presented in
fipures and tables for the follow:n;: KPDS\ S

. Fow Pressure Qxalmn Blackout wit 'Stuck ()pcn Rchd Valve (PIFW)
. High l‘t(‘ssmc Gmtm" Black - T ,

Ovaier Crek 1PV Back-Enid Review S Revison 1/Mach 9, 1o




()l ALY - By p.m &equcnw
. 1oss of Feedwater with Failt
(MJALY) - Bypass: chucnw :
P Station Blackout v.xlh,SD\’ Failu

b n/[\.uruk or l’( uh Hmmm Ilr_mc\ cr,.thc 0
i part because no AU ecovery is assumed.

taée;of(?l) F:
NUREG-1150 Results

Table 1. Contaimment fmlurc as'a. Py
Comparison to F lll[)d(rl(‘k ll’l', an

= TR T AR RR TR

Containment Failure | Fitzpatrick IPE - Oyster Creek

CDIE (per vear) | C10x10* 2x10™

Farly Failure 604 159

Bypass ‘ S o - na 713

Late Fatllure ’ 2600 B 264

Intact 2.5 0

No Vessel Breach | RIE 504
2.1.3.3 (.'Imrnclcrizva(i(m df Co‘nl‘ai‘nmleml Performan

The containment pcrh»rnmncy obscrved durmg th O)’Ste.,.v IPL was charaucmcd using
containment event trees The top events ofthcsef venl irees ary dlscusced in Subsection 7.2 and
listedd in Table 7-1 of the Level 2 PRA " The CE -vhronologuc&ﬂy models core dcyadatmn, vessel
fathire, containment behavior, and reactor bmldmg behavior he firsi top event analyzed was
one that would accur m the entry state from the: f‘mm end, (i KPDS), The next top five
cvents consisted of phenomena that L(»L_Jl_d occu) 'br‘,c‘,diif'nagc began unuil vessel

Onster Creek 119 Rack-find l{m‘im\x‘v ’Re’-\’mnn 1March 9 1994



Faslure secmied nnminent (these events.w

‘essel breach; safety valve failure. comamment
mtadt piior teovessel breach: wmammo ' and’ g

accurrence of containment \cmm;. mc:den
oceutrence of containment leak arcas.. ’lhe la;

A< shawn i the summary in Table 2; below
hehavion The contanment loading w.‘is;cal(,ful

‘.ch usm"' rhc MAAP wmplmf code

2.1.3.4  lmpacton Bquipaent B'c.h'g\_‘ior

A discisson of the impact of severe nct‘idéh’(&‘on;cqmp-ﬁwm behavior could not be Jocated i e
stbtrd ’ o S ‘ :

2.1.4 R«'ducmn l’mlmlnln} nf r’l‘fi'.ssiob“l"mduct Release

2.1.4.1 Definition uf \ ulncrahnh

epon,’ “A wlne:ahum is defined as am
t any containment h\ Pass sequende
10 per s reactor vear © GPU founa ne

As noted in Subsection 3.2 pagc bm
core dmn.m uqucnu* that C\U.‘cd& lxlﬂ_,;‘_‘ er 1eacic

2.1.4.2 Plantg lmj)rm'én,lcm.c 3

With respect to p!ant Improvements, Suhseétmn 8 2 page 8-5 . of the submittal report explained
that ' Bu.mw of mc rvl,m» ely lnw frcqucncws RMOClﬂ!éd'_Wllh the various containment failure
444444 Y existing procedures bevond those
:dcunhcd n thc level analv«ns are planncd at this nmc he Icvcl 2 PRA will be used as a major
input to the dev clnpmcnl nfaaudcm managemcn( gu:delmcs

/\lthmlg.h no back-end nmpmvcmcnt@ arc platmcd as such, the submmal dnc‘t addrc« fmm wd
inprovements, which might atcht mmgahon ofthe conﬁcqhences of‘back cnd events  Note
Section 2 I S below . ‘

A plant improvement, pl.mncd as pdrl 01 lh'j 4R modlﬂf:aﬁpnﬁ i8 thc hard-piped containment
vent system This systen i assumed avmlable n:the IPE8nd bccnmcs lmpnrlam for back-end

LRevigon T Mapch e e

i
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Table 2. ¢ f):\‘siért(??rcc,

lap Bvent
Designatog

—
CP.J Lnny State
V3
B8N
I :
L
- S | Supprcfzsmn Pc‘»él Nm,_ _
rll‘ﬁ’}f_“ duting o Shnrtl\ ahcr v c«cl Brcach‘ - ‘.
[ | l)chm Nm l ntramc-d o
| C ommnmcnt lntdc‘t aﬂc, ) ,._;:
!
REIRL.
!

cict Pentaining 1o Reactor |

1B

Bl

AU

venting

Enster Uredh T Faok il Reéview
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20|OS>

C antainment Pcrrarmancc lmpmven* fil p pcr(aimng. m thc- Mark- l containments

. Alternate water supply;ﬁ : y/vessclumjectmn
. Reactor pressure vessel dcprc&sun m rchalnhtv cnhanccmcm
. Emergency pmccdurcs and trfunm' :

’ Ir* vection 4 of the suhmmdl rcpon thcw rcco ions ?dr'c‘_.addresscd '

thL,H’L
suflicient quanutv m
hthc(’l l" An altcmax ,

! 4R rchwllng numgci ‘
hlm-kmm .thcr‘cby imp: )

. (;P( has ;mplemcmcd thc BW LLPC:S and they are reflected in the IPE

f-uhmmd!
22 IPE Strengths and Weaknesses
220 IPE s:rmgu{sif"f
I The 191 suhmnml appean to
_phcnnmcnn in cuﬂlmm dcta!
2 The results ofthc H‘l at ()ystcr‘\ 'ct.vk;a [ cémparcd in mﬂ'ac»r detail with the
N1 le (pl 160 rcsu!ts at Peac Bottom, ar ,ﬁ'ctcnccs are well ducumcmcd
fmed in a my that protects the results

;_hé tesult of & front-end analysis) A
the conditional calculations of the

3 The back- cnd analysas ns robu
| from the impact of changes that may.occd
~ front-end analysis should nof significantly affes

: h,uk end remlls

Oysier Creek 101 tim,K«l-,ml,Rt‘\tie,\t‘v,_':;: : © O Revisom BN arch e
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'j‘('lysm‘r ek )1k Hack-Faid Review

wanting

| JPE _\\“'cakhc:q:s-cs- '

t_iiprﬁcﬁ‘l’»beba\'ior.coulci not be located

eem reasonablc throughout the
tcited, For cxamplc CET split

containment characteristics that
have c.lrly dcmmcmal chccts onheal ¢ arly releases to the environment
Large, carly releases are importdnf; but: ily.a-small fract:on of the probable
accident events that should be considered and the subséquent containment responses that

make up a hack cnd a:ac«mcn Attenti term eff‘ccts and consequences 1

'»':Rc'ﬁ‘f;r’m IAarch 9, 1o



5. OVERALL f:\im,m'ril()r\

um of back cnd mformanun

mldr('ssm; Gienerie l cetier hx ’“ muc
“concrete cuth is an attractivg dcmg,n fcaturc?'

comparison to s:\ictv g(mls a8, cmmraswd
the ummmmcnt and lhc nnpacts thm equ

n».mnp[mn\

. The (p..mxif'ar,ﬁninn of the €'l

Oveter Creek IE Back BT Review _’_,gm.“g,,,r Iirch 9, 100




4. ,,Rﬁvauﬁscns

B
| :\nmm !‘)‘)’
2 GrU Nuclcar»(‘orpor’ation"aﬁd
(Level 1), Vaols 1 thmugh 6
4 American Nm,lu\r ‘mu(.w :md lnsmutc o]

Procedures Guide - A (nudc o the‘iPcrfor’rﬁaricazof Obabthst:c R»ck Assu.smuns fou
Nuclear Power Plants, prupared_ forihe U‘“‘Z Nuclear Regulamry & ommission,
NUREG/CR-2300, Vols. 1 ,mdz January'l

Cyster Creck, (08 Hacksband Review. 0 Revison 10010k 9§y




IPE EVALUATION AND.DATA §UMMARY SHEET

BWR Back-end Facts -

l‘l;m‘l Name
Gvster Creek
- Containment Type
Naurk |
, \'fniiquv‘(’(mlnit'lmrn.l Fralvnvrcs‘j

fthe. llncr in thc sandbed region:
result.of a backfit performed, and

-

it o mp, ‘vm;_. the NPSH fimits with

Presence of a drvm,ll ﬂnor concrclc curb A’
25 percent increased structural capability of torug
I
an increased containment cooling capabillty /8
a ke in dryvwell pressure
Unique Vessel Features
None found
Number of Plant Damage States:
10
Ultitnate Containment Failure Pressure ]

134 pay at 3()()"5"'

(nster Creel L Hack-Bad Revies S Revision VMarch 9. 1998



r.in.the sandbed region,

v worst.release is caused by a
f "F’:tcru's as.a result of a backfu
ity as-a result of improving the

Presence of a drywell floor concrete curb;
the carlicst release occurs 2 hours afler i}
bypass scenario, 2% percent increased-structural cs
petformed. and an increased containment cooling ¢
NPSH himts with a nise in drywell pressure.

C-Matnrmy

r..‘.t*.:.‘.‘v s orrerrs
Koy Plant .
Damage Frequency No Vessel
State per year “Breach
PN I 130 10
NIFW P O6l:-0 0
OIALT S 74k-7 081
MKCU | 708-7 0
OJAU | 64137 0
MIAU $ 2608 e
NIHW I .S4F-8 0

(‘)‘S(l‘) Creck T Backind Review.
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DOCUMENT?-'ONLY :
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The documcmauon only rcvxcw appmach or yster

This technicdl evaluation rcpon (TLR) ; the: documcntanonaonly review of the
Human Reliability Analysis portion: ofj Oyster Crae Nuclear Generating Station Individual
Plant Examination (IPE) submmal to.th 4cgulatory Commission (NRC). The
‘uucnons of ‘the Task Ordcr (1) this

NRC summdry dam qhu:ts
1.1 htcp I llRA Rewcw Approach

etk 1PE HRA involves the following six
steps. illustrated in Figure 1, These:$ _through 4, arc interactive and

iterative, but follow this gcncml progrcssm

tbmittal. < Rcad summary sections, plam
result sections. Skim/scan the entire
‘end ‘and back-end analyses. Identify
ization of the HRA documentation,

(l) Scoping Review - an overwcw ofth cnnrcfl
~ descriptions, the major HRA-pertin
submiual, including appcndiccs and detailed
the basic approach used for the, HRA ‘and t
including any obvious major.omissions. :Identify hotable features of the plant, the overall
IPE approach, or the HRA approach that deser ;pccxal attention. Identify and obtain
rduumu that may nccd - bc rcv,u:wcd-ﬂor hecked; abvious points of interface with

: of IPE/HRA team qualifications.

¥ B

{2) Detailed Review of-H,RA-‘S_ecuon_s_ ctaile nd asscsemcm of the primary
"~ HRA section(s) of the. submitml CThis inyols thorough (re)reading of descriptions
of methodology, noting assumpuon ; Han(d‘othcr important aspects of the
analysis, and annotating any questions oblem ‘arcas, missing information, or
issues for further mvcsugauon ) .4’ comparison of .information and
documcmanon found in_the. submm rall HRA methodology/approach to
' ified in acccptod HRA approachcs

pt,_ln ‘the SLIM approach as described
nally, the detailed review involves an
ew key operator actions through the
ng. we mean simply xdcnufymg that
ly dclmcazc

in NURFG/( R-3518 and 4016 (Rcfs 1.and 2).
attempt to “track” the complete assessment of-
HRA process described inthe submitial. By tra
the submittal contmns sufrcwm m(ormauon 10

O



cvaluation of HEP.

~of humnn acnonm 'I’hcrc m no an‘

rcqunrcmcm Thc focus 1s ldcnuﬁy atn
cgarding im nan"i

(4)

formal mluacuon occurs dunn .
contractors in ble 6.

ork accompllshcd findings, dnd
ings and conclusions and compliance

preparation of a draft rcpon docu'cn ng
mmlusnons internal tcchmcal review vcnfyiri

(6)

12 Opster Creck IPE HRA App,"

) ) ilistic Risk Acscssmcm (PRA) without
cvaluation of external events. The PRA' m) loys the "largc event tree - small

fault trec” approach. : ’I‘hchRA is'innovﬁ

system dnnlys:s and dcvclormcnt of pl ! del, an rporatcd mto Lhc syqtcm analysis for
system split fractions and plam modcl S B :

actions. ~The submittal provides dctanls;
operator survey format and procc.ss for.







T S e

NUREG- 1335 RE n RE NCL, |

2.1.1 General Mct,'hodnlngyI

2.1.2 Information Assembly

———i

2.1.3  Accident Sequence.
Delineation

e V\for aseunng human actions
fﬁating cvcmc and accident sequence

2.1.4  Svstem Analysis

[P

215 Quantification Process

ing dcpcndcncws ete,

- ,jprobabmtic




Table 2-1 NUREG:

Checked - WR 1.1.1

2.1.6 Front-End Rcsults[and',;ﬁ,-r :
~ Screening Process -

22 Rack-FEnd Subminal - V

_.tlpnbs_havc bccn 1dcnnﬁcd and
ent.trees and quantitative HRA

2.3 Gpcuf“c Safcty Fcatures
and Porential lmprovcmcnts_

e e ey e e

24 IPE Utility Team and
Imcma! Rcvxcw

e e e A




~the submnml The mcthodology uscd for th ased on xhc mcthods uecd in the
TMI 1 PRA (Ref. 4) and is a refinement of that analysis! Plant doc mcmanon 1o acquire HIRA
information. was identified. = It- includ : S, emergency  operating
procedures. (EOPs), and surveillahce: and maintenanice 2dures.. A detailed description was

provided for cach action to be analyzed: ) n¢luding plant conditions and other:

constraints.  The plant operators evalua
Survey Form.” The survey process is a struct
~factors. The survey form uscd was pmvndcd 1
the PSI hrcakdown and hnkagc to thc sur

tvai ate lhc performance shaping
1§ well ac dclaﬂcd information on

"Human. Action Walkdowns
operator actions with e¢xperienced operat
themscelves  with the operator actions modz.lcd
The SLIM-based evalvation process used p
PSES which were converted 1o ‘the - succes
fornmation collection appear to b<, wcll

ey wcrc ‘conducted- to famxlmnzc
erify operator action survey forms.
from. thc survey form to evaluate
Thc survcy process and

0¢ i:’rcc to form the basis of the
d to.prevent degradation of plant
clopmen and evaluation of Event Sequence

.\Iuniununs arc combined with abnormal res)
Event Sequence Diagrams, Specific operato
conditions are identified by the analysts duris
Diagrams. A "Detailed Human Action Des¢ _
mexlified by HRA walkdown. -Détails of each-operato wcr‘c'pro,vndcdv.n.n Appendix E of
the submittal . lncorponmon af. opcrator ctigns:in ‘discussed in Section 2.1.3 of

“this TER .
(4) System_Analysis. The Syslcm analyels escribed:inisection § of the, .Oyster Creck PRA
(OCPRA) Level | report. System’ descript ‘ ly \cta:lcd and comprehensive,
- System notebooks were developed for cach sysiem:analyze “summary of the contents was
included in the submittal, and notebooks. are id ; ix F.to the- submittal. Included
in cach notebook are the important opcrator-actions: for 'yystc_ -operation.. In addition (o

routine information on major components and.i msrrumcntatmn the notebooks include information
- oh system dependencies and interfaces, testing: arld 'mai , techpical specifications, system
aperation, modeling assumptions, and success i Opcrator acrions are incorporated into the

I’R/\ n appropn.uc system fault trees. Docu‘:_« cn( | m fault trees are provided in the

upport a dctaxlcd evaluation, if

(§)_Quantification Process Human Intcr ‘ere. groupcd into thrcc major
classifications for quantification, dcpcndmgo me h :action occurs in the accident
scenaria. "Group A" His occur prior 10 the ator:event; and-are’ thcf result of human errors
‘during maintcnance, testing, or calibration activities: "G § are. thosc that rcsuh in
initiating cvents. These are captured in - the init

operating experience. ’Ihcrcfom, Group B!

t
m mc_,lPL_HRA analysns.

- .‘2;

by HRA analysts and verified/




Group A Hls error frcqucncacs were. consndcrcd AN thc basw cquipment failure
rates for mnahgnmcnl or failure to rcstorc systom The, ubmjnal swtcs that this fallurc modc

it Jdnmnal mf(mna;xon in scctnon 221

The quantification process used for Group:
cons.Jerable detail. For each operator action, a:
other constraints was provided to the operator;
Upcrdlnr mput for cvaluanng, Pcrformancc Sha

-xnmaxor human eITors are not
¢ data analyzed. Pre-initiator

PRA l,cvcl 1 rcpor! in the submittal. The. subnmial st,atc
ummlcrui lu ausc thcy are capturcd in’ lhc componcm

of these pre-initiator errors.

(6) Front-End Resulls .md 'icrccmng Proccss
- core damage sequence that exceeds 1.0 E-4 pert
or large carly containment failure that exceeds
, ldcnnﬁcd A structured review was pcrformcd

error rates were reviewed.




iman error tates in recovery
ency critéria; nor was any clear

No h«.ung was provndcd of scqucnccs that were:-it notfor:
actions, would have been above the applxcablc core: damagc fr
statcment that no such sequences exist,

As required by NUREG-1335, C:SL and othcr sa{cty xssu; h as. mtcmal ﬂoodmg. Loss of

Feedwater Control, and altemate water supply for‘drywell‘spra

xdmuﬁuj ‘scv:ral analysis of lhcsc safcry issucs. m, ochd h
important enough to have potcnnal 1mpmvemcms identified:

1.
manual npcraud valves., N
shiclding to allow access would makc thc m
affect on cooling core dcbns o

3. A ncw reactor overfill prcvcnnon syctcm s 10 be'in ‘
control because of concerns about operator. rcspons ‘
time.

(7) Back-End Submittal. The Contammcm Evcm .’I‘rccs (CB _)J(:onSndcr thc mﬂucncc of the
physuul .md Lhumc.ll pr(xcw,s on chdngmg thc wntamme )

“The end state of the front- cnd andlyms is. bmncd ac‘.ordmg
input to CETs. The plant damage state mformanonamcludcs
condition 1n the reactor coolant system and contammc'nl’at

‘primary contatnment and status of assocmtcd actw / i
and status of associated active syslcms S

in the ‘malysns I‘hc containment analysts uscd the
for the back-end plant damagc state. ‘Thercfore, mat

csscl mjccnon were analyzcd ‘




ch ba XU i tcgratcd loss of of fsitc power
procedure 1o provide: recovery of offsite isite power; for aligdment aod cross-
ncmg huscq to cnncal cqunp ‘pp,:_and'alignmcm: of alternate AC

Loss of all DC powcr proccd "H‘t'h_c‘ mcgratcd ,h")"ss of offsite

talled: for reactor overfill transients -
té MSIVs within the required time.

;b)ccnvcs of the smdy was (o bu:ld
'“k"managcmcnt activities df(cr the

mmplcnon of thc PRA.
personnel ds a part of the PRA team. HR_
as GPU were mc‘.luduj on the IPI? lcam J

Ihc mxcrnal review process dcecnbcd m : tu‘s 5&6. be extensive.  Multiple

: mvolvcd in the reviews. A review’ of thc co nents s
review. An outside consultant with expertise in RA:meth
methods. With regard to the pcnonncl on the team, howe
- HRA reviewer or as having prcvnous HRA xpchncc

# thomuph review of lhc HRA poruon Of the 1P

logy’revicwcd the IPE for technical
o individual was identified as the
bmittal ‘would be strengthened if
jded ‘_;thc rcvncw process.

2.1.2 WR 1.1.2 The employcd HRA methodology;:s early,descnbcd and jusul'ed for
selection, ‘

Section 6 of the l,cvcl 1 report mcludcd in thc submitxal arly- dcscnbcs the steps performed
in the HRA portion of the IPE. The SLIM methodoloy well.¢stablished and documented
HRA approach. The SLIM-based evaluation process. 1sed Oystcr Creek uses plant operator
input as the basis for PSFs which arc. conyc.“,d “the: sutcess likelihood index value using
weighting factors. The success likelihood i ing I cncd ‘to error: probability using
calibration values from “known" HEPSs." There.are requests for-additional information on the
implementation of the SLIM- bascd mcthodology which ar iled in thc scctions whlch follow.




man, action tmmnomx) cmplmcd

2,13 WRI. 1.3 ’lhe mcthodology ,
cﬁons, and conuuns g discussion

is capable of ndcnhfymg impe rtant-hun
“of the most tmportant hu

1 he modu!

‘_lﬁarlyzidcnnﬂcd in the submittal.

kn(w.lcdgc bnscd actions and were é/ ua\‘ ng!y Dcwls on.the human actions and thc
quantification were pmv:dcd in swmm 6. andebpendix,B of lhc submittal.

~to the comment was that the opcrat.
shutdown conditions.” ﬂccamc the steps are it
he carried out by the operators. 1PEs fof BW
wlentified containment ﬂoodmg as A source of

OPs thc containment flooding would hkcly
‘S,uppn:won Pool type containments have
nmcm failure when core damage and vesscl
-of pressure. suppression capability). The
| n thas paint, that this potential “"down-side”

ul cnmmnmem ﬂoodmg had bccn'c\{ luated ang ot ncludcd bccausc of its fow likelihood
of (x(urn‘ncc

214 WR L 1'4‘ Thé IPE .éubmi(ia
IPE represents (hc as-bu:lt,‘,

ded by thc lndcpcndcm Review Group.
{gn "dopcrauon‘ The Independent Review
books.and operator action scctions.

ati<: ﬁp'rcv)ia‘g':hﬂrt,o;asSuridg that the IPE

represents the as-built, as-operated plant.



215 WR 115 The HRA had bee ’ﬁ»gl_pﬁféssure the fnnalyiic

lednuq ues were corrcctlyi applie

RA. analyms No mdmdual was |dcnnﬁcd
pcnencc. No other peer-review wis

- provide addmonal conﬁdcncc that the. HR.A ethox 3 ]pn:’ appropnatcly apphcd and results are
correct. 'Hu. submmal would be strcngﬁc -by’ ditional r‘}‘nfonnatxon <:onccmmg any HRA

the plnnl

nppropr ‘tely.,considered human actions consistent
epted PSAs (scc table NUREG-1335

2.2.1 WR 1.2.1 The accident sequences
with other NURF(,-IHO an
Appcndnx B). B

The human actions of Grand Gulf (Rcf to_ thc OCPRA human actions. The
review shows that equivalent actions WEre-co sidered in- the OCPRA scquences.  Additional
human actions were included in the! OC RA thc additional opcrator instructjons
provided by the new (Rev..4) EOPS " A oted “in- Section2,1.3 carlier, a potential
disc rcpumy in thc mcorpm.mon of EO; ﬁéd and addmonal information on the
T? tor ac:tnons into the PRA

1sal|1.nmcm nf syslcms
of Unavallabnlny are capturcd in mc

(yplcdlly have lcqs lmpaCl on cstnmatcd ldators sxgmﬁcant conmbunom from
pre-initiators have been identified in some PRA tematic analysis of pre-initiator human
crrors and contributing factors would prov:dc much: greatér confidence that no iinponant errors
have been missed.  And, the “information-. ‘gained generic” factors - influencing human
performance. ¢.g. pnx,cdurce on administrative: controls, may’ mdicatc rclauvcly low-cost means
- for significant 1mprovcmcn( ~ : :

ut because of low human error (see

222 WR L 2 2 The accndent scqucn 8 5CrEC] :
DA riate, based on HRA techniques

NUREG-1335, Sccm)n 2.1 66
cmplo)c :

~ The subminal addrcsccd thc 1mpormncc of human acn‘c’ms"'by cxamlmng thc contnbuuon to core
damage for three groupings: (1)-all” opcrmor acmn 2) operator actions grouped into ninc
general categorics, and (?) top 1() mdnvxdual 0pcra tions . "All modeled operator actions



~were found 10 ‘contribute. 21 X
action were those associated ,L%chcnon and removal of containment heat.
‘The individual operator action n t 1mportam groupe and ATWS scqucncu and

The analysis of operator action:
~actions arc the most nmporan
2.1.6.6 was not found

Of the valucq is referenced or additional
mlnnn.mon._on the tc‘chm_cal sis:for: es, were provided.

that potentially. significant qualif
human actions to be evaluated.’
tx: appropriate based on review,
information on.the process by wh
hasis was said (0.be "required”. o)
would be strengthened by a di
selecuon of .wtxons o

In genceral, the
]'hc. \uhminal

232 WR 1.3.2

i Scumn 2. 1 3

233 WR 13 3 Sources ofg

plant:spe erformancc Shaping Facu)m (PSFs) as
appropriate, and rauona : pre s‘clcc_tiovnv of employed PSFs.




valuate operator actiohs for:the
n.the. usual sensc of those words.
¢ fmm th:s particular plant, their
On the mhcr hand lhc

The SLIM-based cvaluauon procc%s uses pl: k'
HRA Thus the ddld is neither."generic" nor pfant pecifi
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