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1 INTRODLITION

Tros stroductony chapter presents the process used tv Suence and Engineening Assouates, Ing 'SEAt0 audst

the tront-end pornon of the Cleveland Electir Liumunanng (CEls Individual Plant Examunabon (IPE
submuntal for the Perrv Nuclear Power Plant (PNPP Urut 1 Thus rront end review focuses on accident

sequences leading to core damage. due to internal rrutanng events and internal flooding. Audits of the human
taztors analveis and back-ena analvsis were performed by the NRC with contractual help from Concord
Associates Inc. and Scientech, Inc, respectively  There have been discussions between these teams to chech
Il treatment of Level 1/ Level 2 interfaces, and Level 1/ Human Factors interfaces. The contractor review

findings are presented in Section [, and IPE Evaluatons and Data Summary Sheets are enclosed as Section I\

B SEA Audit Process

Trus audit isa Step 1 audit, which means that the 1ssues raised in thus report have not been discussed with the
CEl personnel Also. a visit to the PNTT site s out of scope of thus audit. The purpose of thus audut s toidents”;
sssues related 1o the front-end IPE analvees for PNTT Urut 1, and to provide NRC with these issues SEA Audit

Peocess 2 thussrared 1o Figure 1 and subseguentiy descnbed belom

111 Review of FSAR and Tech Specs

Tre NRC provided the PNPP submutial ©o SEA in September 1950 SEA began work on September 11

Berween Septermber 11 and 30 the review focused on 2 horizontal review of the submuttal to develop suihicient
=3, sstnmdas i Gamang seennling ang suppor svstems and identity apparent deficiencies, if anv, in the

. Jormasor assembly process of the IPE The object e of the prelimunary revic . was to idennify specific areas

irthe FSAR that need special attention

Borweer Octoner 4 and 30 the latest (updated’ Final Safety Analvsis Report (FSAR) and Techrucal
Eneaszanons (Tech Specs) for PNPP were reviewed Copies of the required parts of the FSAR and TechSpecs
were brought to SEA. Albuguergue with permussion of the NRR Project Manager, Mz ] R Hall. Thus provided
addinonal tme for FSAR review as well as permutting the FSAR to be referred to duning vanous stages of IPE
revievy The focus of the review was to obtain a better understanding of vanous plant systems, of plant design.

and of acodent response, and to determune whether the licensee modeled the as-built and as-operated plant
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Figure 1. SEA Step 1 Audit for Perry Nuclear Power
Plant Unit 1 Front-End IPE




$3.3 Review cf IPE Submittal
pourtal 10t PNTT wacaciemplished The
wssies faled for i s ‘." T Review

4 % R o P > T T P o . &
@il ireorporates a NOrizonia, rehiew ol Bis AsTelis 8 the MONt-FOG

Gwaance Document (dated 03 19 52), as wel a3 vertical reviews of selected kev issues The andings of the

review are documented in Section Il of thus report The review procedure focused on checkinr #ach check-item

Lsted in the Step 1 Review Guidance Document as w ell as the Statement-Of-Work (SOW)

1.1.3  Audit Report

On November 6, a draft copy of the aucut report was sent to NRC for review. The report addressed each wory
requirement called-out in the SO\ The report also includes (Section 1V) a set of IPE Evaluation and Data
Summary Sheets The standard format for these summary sheets was provided by the NRC. These sheets were

complieted as required
Tre hnal report will incorporate the comments from the NRC on thus Dra‘t report

12 PNFPF IPE Methodology
The PNPP IPE uses the small event tree and large linked fauit tree methodology to perform the front end
{ = ¢4 to the component and train level. for each of the front-lie and

Ara.veer [Detaues 1At eesd WETE SR ped

susmart sveterms Recovery achon: were considered and common mode failures were incorporated into the

LV

ampss Gemer s and Piantspenihis failore data were used tn 10e analvsis. NUPRA was used for ses.ence

¢uanshcanon and fault tee inkung  Data uncenainny an lvsis sas performed, also using NUPRA. to auanun

.

233 kncestaint: and s I palt O e L

¢ metnodoiopy used in the IPE rront-gnd analvsis of PNPP Urut 1 meets the criteria of NUREG-133% and

13 PNPF Piant
The PNPP site consists of one BWR nuclear unut, BWR/6-238, manufactured by General Electric Company

The turbine generator was supplied by General Electric Company, and the engineering and construction was
by Gulbert/Commonwealth Lnit 1 was declared commerdal on November 1987 and is rated at 3579 MWt and
1250 MWe Unut 2 is partally complete and is expected to be completed in the future. Some of the equipment

in Unut 2, ¢ g, DC Batteries, are used at present for Urut 1 operation.

131 Similar Plants and PSA's
PNPP 15 similar to Grand Gulf nuclear powes plant whuch 16 a BWR/ 6-251 Thus plant 1s a NUREG-4550 plant
Other sirmular plants include generic General Electric 238 Nuclear Island (GESSAR 11), and Kuosheng which



T e A A N S By p— —— P .
e — e S N R NS, e L A R e —_—---j

SRR 10 giprascanty snnact e CDF cutiome

.

|

]

.

I

& R . 4 N e T wlaerg 3 i 5o s A S, AN e, " PR [ s |
TR A Ba a Bl ™ TN FTAWIRT Tl a5 -:-c,.a. 12 AT AT e w T et —Tan o WS TN AT

N |

s <o il o A 2ok o s s R — - e ‘e - ne '} g =~ <o 7Y _ |

NEC Tre ditprences renvger Grand Guf and PNTP appear 1o be muner 'FSAL (Rmapter 1l and none have |

|

132  Unique Features

Unique features of PNPF Usut Janclude

1 There i« a motor dnven feed pump that is normally in standby and will start on an automati:

signai 2t Level 2, following faidure of the turbine driven pumps

i
|
|
!

2 The safety-related dc buses can be cross-tied to the dc batteries in the not yet completed Uru:
> Trus feature extends availability of dc power following LOOP and Station Blackout
sequences l
3 The HPCE DG 18 not of same size o7 tvpe as the other two DG s Thus diversity will reduce
the Lkelihood of some common cause failure of all three DGs
4 The HPCS DG can be Soss-ted to Drvision 2 emergency bus, whuch enables the containment
vent L dlves and hvdroger igrators tobe powered i the eventof LOOP and lossiof Div 1 and
> DG
. Contanment tailure leads 10 imecton tadure
s Maneur to the Suppression Pool is provided by gravity head. No pumps areunvoived |
T DS 4m 4 LPCS mvecs inssde the core shroud  Consequently, the HPCS 1s not 2 recomminded |
: VISV rutipas
§ P AT imbubad ARG a3 ROt ALIOTANS

- = .

Based or the W gue wearares, the key areas :dennned for review are ATWS and LOOP
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1 CONTRACTOR REVIEW FINDINGS
A team conasang of CEl personnel and contractor personng. Das periormed the IFE The IPE wwas peer

o~

. y X vk s TP o
reviewed by CEl personnel with contradtual he.p It 1+ stated tnat CEl intends to maintawn the IPE as a v ing
document with updates g ery 1w o vears Mainupaates W il include usage o MoTe plant spesic companent

failure data and human acpons

11 Review and Identification of Front-End Analysis
Thus section presents our findings, including a summary of IPE swengths and weaknesses and a Lst of questons

to the Licensee The following sectons address each work area explicitly in the order they appear in the SOW

1111 General Overview of Front-End Analysis

11.1.1.1 Completeness Check

Betweer Sertember and October 7, a detasled review o the PNPP IPE submuttal was accomplished. lrunal
sl effam tacused o a completeness Checs Wherein the content o e IPE submuttal was caretullv examuned
to see i the wntormanon presented and the level of detai 10w huch 1t w3 presented met the guidelnes s¢ e
NUREG-133E The PNPP IPE submunal closely adhered to the format recommended in NUREG-1335, which
- ade thus wutal review process straightiorward. Based on the review it is concluded that the PNPP IPE

cubmuttal is complete with respect to the tvpe of information and level of detail requested in NUREG-1333

The Stor 1 Review Guidance was extenzine) used in the review

11112 Methodology Check

'F uees Small Functioral Event Tree and Large Linked Fault Tree methodology to perform the
irorpend analyses 1t is reported that fault tees were des eloped for ali front-line and support sveiems
Reczorery acnons were considered  Comumon mode failures were incorporated into the fault tree models
Uncertainty analyses were carned out In addihon, a sensitivity analysis and importance ranking were
performed as part of the IPE effort. An internal flooding analyvsis was carned out to the level of detail required
by NUREG-1335 and the GSI A-45 issue was adequately addressed. In conclusion, the methodology used in
the PNPP IPE submittal is consistent with the methods identified in Generic Letter 88-20, and NUREG-

1333.

11113 Does IPE Mode! As-Built, As-Operated Flant
Secton 2 4 of the IPE submuttal discusses the information gathenng process empioved by the utility. According
to the submuttal, the descriphon of each system was based on the most current versions of the FSAR, P&IDs,

1&C drawings, and other related documents For all the front-line systems, the svstems descnpuon was

“n
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that design Socumentanon Was directv available
Analvsis files were set up for each phase of the mode. development to ensure that te

documents used and the deasions made on the basis of \nformaton in a given document were
recorded Thus ensures that comparison between the model and subsequent design chang:

packages can be made in a controlled manner.
The design engineers reviewed all the svstemn models for correctness of assumpbons

concerning design. alignment and operation
Omeranons stast reviewed all the event trees

The current set of operanng procedures were used in performing the human reliability

analvas and many of the achons were discussed with trawung and operations personne.

\famtenance Gata was acguired disectiv frem plant operating expenence

s

L spritcant pamher of Vints were made (o the plant o walkdown systemns whuch could leas

1o flooding and 1o trace potential 003 propaganon pathways

aluanon and portions of the internal flooding analy s

)

rere periormes by Gibert- Commonweaitn, the archutect ‘engineer (AE) for the Perry

ir addition to reviews Of each 0 1he svstem analizes by the appropnate design enguneers,
imtermediate seviews of the work products and the draft report were performea v Kev

personnel from the operations, raming. and engineering departments

This procedure appears to be thorough and ensures that plant models represent as-built, as-operated plant

I1.114

not sud

Internal Flooding Methodology
As part of thus review, the IPE submittal Section 3.3 7 covering the internal flooding scenano was rel iewed

Section 3.3.7.1 indicates that the full flooding analysis 1s described in Appendix G However, Appendix G was

mutted for thus review, and comuments are based on observatons documented in Section 3.37. The total

contribution (from intemal flooding) of =15 x 10%/y7. represents a 12% contribution to core damage frequency

from internal everits and flooding.  In Section 343"" the Licensee stated that a 12% contribution (with a larj es

single floodisg scenari~ cont ibuting about 7% of the 12%) is a conservative estimate and is acceptably sm.'l

Asaresult, nUF

jant specihc improvements were proposed by the licensee
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e T14 Loss of Inssrument Ay, and TSW . Loss ot Qery ice Water These two wrugaton: were retained aiter

P OEA was repontedy used 10 glumunate faL e 0 2 a0t T eledmcal sUstern: My SVStRMS walter Svsiems anl

FVAC svstems as rusators. The screerung provess used to obtain plant-specifil MUtAUNG €VENIS is 1€ason able
and consistent with PRA practces However it is not clear to the reviewer how PNPP IPE arnived at the IE
frequenaes used for these hwo plant specihc wrutiates in the analysis Specific discussions to thus regard would

be beneficial

The IPE bniefly described dependencies between utating events and the mudgatng functions and systerms

The submuttal did provide a complete dependency matrix for front line-to-support and support-to-support

svstems  Also, further details on the system dependencies were summarized in Section 3.2 of the IPE

Ir. summary, the wutating events selected were the same as those used in the Grand Gul! study, except for

plant specins wunators. The IE frequencies were essentially the same as those used in the Grand Gulf study
Lopt for plans spechcanunaters. In our judgment, the list of 1Es, generic and plant-specific, is complete

Grouping of the 1Es 15 consistent. The only possible deficiency is that the IPE does not clearly describe how

IE trequencies for TIA and TSW were obtained

11122 Review of Front-Line and Support Systems Analvsis

1 st of frortline and suppor svitems analy zed in detail are as follows
RFV Depressunzanorn
Standoy Liguid Crntrol
Residual Hea! Remmal
- Low pressure Coclant Inection Mode
Containment Spray Mode
- Suppression Pool Cooling Mode
Low Pressure Core Spray
High Pressure Core Spray
Reactor Core Isolation Cooling
Condensate/ Feedwater
Fire Protectie Aisternate Injection
ESW o/ RRR B Cross-Tie Alternate Lrjecnon
Reactor Feed Booster Pump Alternate lnjecton
Centainment Ventng by Fuel Pooi Cooling and Cleanup

Containument Venning by RHR Containment Sprav



1t Systems
Suppression Pool Make-urp
Orvwell Vacuum Reue!
ECCS Tump Room Cooling
Diesel Generator Room Ventlation
Emergency Closed Cooling
Nuclear Closed Cooling
Ervergency Seriice Wate:
Satety Related Instrument Aur
Service/ Instrument Aur
Emergency DC Power
Emergercy AC Power
Service Water
Turbine Building Ventiation

Heater Bay Ventlanon

v

- gac= ot these susterns the [PE presented 2 brief sustem desciphion, and details on system operation, system

deperdenoies anc interfaces and system success criteria Also provided are the schematics of each system

*som the review 1t is concluded that PNPP IPE analyzed all the importan, front-line and support systems
required for prevention of core damage It appears that the systems were modeled to the level of detail

requested in NUREG-1335

11123 Systems Dependencies and Support Systems

Considerable eifort was devoted in the PNPP IPE to identifv important svstems dependencies and interfaces
(see Secton 3.2 x of the IPE)  Depending on the type of the system, related discussions covered areas such as
power supply and control power, actuation, cooling water, and related operator actons. In addition, two
dependency matnces were enclosed The first one presented dependence of front-line systems on the support
svsterns and the second one focused on support system-to-support system dependencies. The list of support
systems analyzed was presented above. This includes the murumum required systems: electrical power,

instrument aur, HVAC, service water, and component water.

The IPE would have hevefited from a description of the diesel supported fire water system the IPE tock credit for fire water

i A

x-tie 1 sgvernl goent trees
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derendency should be changed to partial dependence Tiic depen: fensy marvix 45 o
aomtime sustems are partially dependent on the MCC switchgear HVAC The event tree for LOOP modeled the

adent progression based o the assumpton that MCC switchgear HVAC failure has little impact on the front
lime svsteme 1f the event tree, whuch 1s based on more secent calculations 1s accurate, then the dependency

mami must be updated to reflect this new understanding

From the review it is concluded that IPE treated dependencies between various plant systems in 2
consistent and reasonable manner. Few deficiencies were identified as discussed above. Specifically the

dependency matrix should be updated to incorporate the comments presented above.

3 1o reat common cawse failures 1 incomplete and ot mussing The IPE noted
=2l Eetalled descripnof i PrOvIGed In .—‘\f“f*er:ln. C 2 whuch 1s mussing from the submuttal. The dessription
L6 be mmproves and suggest close adherence to NUREG-4780 guidelines for common cause ana.ysis

uicarow 4’ Augases e sapees o A aie (had Betd Factor mothad iwwas used for comimon cause analvsi

e .
-

o PNTP IV éed cummtoral event wees A dufferent FET was developed for. Loss of offsite power, fransients

i - b n;.u‘t.-......... .

T Resiew of Dvent Trees

o nas o0 POS marsents wath POS pusally available, transients with loss of feedwater, but with PCS irunal
avalsbie madverten: open relief vaive on the RPV, loss of instrument aur loss of service water; Jarge LOCA

eprmesiat: LOCA and small LOCA The FETs were configured to model svstem response to specinc

.

sranAtng events rrougn e use Ok eV €nt treg 0P I0KICs

The following paragraphs provide our specific comments related to each individual event trees.

Transiens with a Loss of PCS Event Tree

The event tree is essentially same as that developed in NUREG-4550 The event tree modeled all

important steps of the accident mutigation No inconsistencies were found.

Trapaen: wat POS iunally Available Evens [ree
The event tee is essentially same as that developed in WUREG-4550. The event tree top U3 in thus tree

i« different from L3 in the previous event tree. Confusion can be avoided if U3 in the previous tree
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The event wee modeled al umportant steps of the acadent mutigason N0 inconsistencies were found

The event tree is essentally same as that developed in NUREG-4530. The event = ¢ modeled al.

important steps of the accident mutigation. No inconsistencies were found.

Lazge LOCA Evens Tree.

All break sizes greater than or equal to 0.5 sq ft for a Liquid break and greater than 0.3 sg ft for 2
steam break were classified as a Large LOCA Event Tree This cntenia is different from Grand Gul!
study which modeled all breaks larger than 0.3 sq. ft. for both Liquid and steam break. Thus deviation
was adeguately explained The success criteria for LLOCA was based on MAAP code calculations
The event tree modeled the success criteria as well as the important accident mutigation events
accuratels Ondv possible deficiency found was that the IPE may have not modeled closure of MSI\'s
and operung of SRV's were not modeled in the event tree For a large LOCA outside the containment

fatlure 1o close the MSIVs will result in depletion of suppression pool water available for core Our
calawatons indicate that substantial water depletion could occur in ten runutes after the LOCA. Thus
water from the upper containment pool Itis possible that the IPE modeled this event The

i e A EF

IPE should specificaliv address this concern. No other deficiencies were found

Intermediate LOCA Evens Izee

Al break szes between (.01 and 0 3 5g 1t for a bguid break and between 0.1 and 0.3 sq. ft for a steam
break were classihed as a Intermediate LOCA Event Tree Thus critenia is also different from Grand
Gulf etudy and the devianon was adeguately explaned The success critenia for Intermediate LOCA
was based on MAAP code caiculatons. The event tree modeled the success criteria as well as the
important accident rutiganon events accurately  Fadure of MSIVs to close is important even: for
mitigating Intermediate LOCA  Water depletion rate 1s substantially larger than the make up rate

This concern should be addressed in the IPE. No other deficiencies were found.

Small LOCA Event Irec.

All break sizes less than or equal to 0.01 sq ft for a Liquid break and less than 0.1 5. ft for a steam
breck were classihed as 8 SLOCA Event Tree. Thus criteria i different from Grand Gulf study. Thus
deviation was adequately explained The success criteria for SLOCA was based on MAAT code
caleulanons The event tree modeled the success critena as well as the important accident muhgation

events accurately Inour judgment, fadure of MSIV's to close is not important for miogating SLOCA

No deficiencies were found.

11



In our judgment, these event trees adeguatels model all important mitigating actions to the level-of-deta:!

required by the Generic Letter 88-20 and described in NUREG-133% Denciencies noted were discussed

above

Special Event Trees
A total of five special event trees were developed for PNPPIPE. Our review comments on these event tree:

are listed below

Loss of Offsite Power Event Tree.

The event tree top B1 should be ‘Onsite AC Power to Division 1 and Division 2 instead of "Offsite AC
Power to Division 1 and Division 2 Thus is a simple misprint and should be corrected. Inclusion of
an event tee top cross-weing of the Divisien 3 and Division 2 DGs could be beneficial to mode! the
acadent progress  On the other hand Event tree top Hy models failure of NMCC, Switchgear and Mss

Avess HVAD The documentason otes recent calculations whuch indicate that Hv has little impact o

Rg %4

tre sccident mutigation and thus a success probabibity of 1 was assigmed for this event Hence we

cccommend remaving Hy from the event free whuch would substantially simplify the accident
meamression  Othersise the event tree has modeled all important muhgating actions No other

s mmar cause faiiure of the DGs are the main contributors 1o station blackout The event tree is
cssentizl, the same a: that developed in NUREG CR-4350 The event tree modeied all imporias:

cters 0f the azsident rungaton No inconsistencies were found.

T,ao\_ BTt Ay A Ina 4y ra»g—to !ﬁl—\iz- !TS su' ‘. a £
The ev ent mee 1s essentally the same as that developed in NUREG CR-4330 The event tree mode.ed

all tmportar * steps of the acaident miigation. No inconsistencies were found.

Loss of Instrament Aur Event Tree:

In our judgment, the functional event tree is correct and no deficiencies were found.

Loss of Service Water Evenst Tzee
Thoc event was not analvzed 1n NUREG-4530 In our judgment the functional event tree is correct

and no ceficiencies were found.
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same as that developed in NUREG /CR-4350. The event tree modeled all umportant steps 02 the

accident mungaton No inconsistencies were found.

See section 11.1.1.4 for discussions on the methodology chosen and results of the Internal Flooding

No event trees were developed for Interfacing System LOCA, Containment Bypass LOCA, and Vessel

Rupture Their contribution is expected to be less than 1.0E-8. Inour judgment, the special events were

treated rigorously, with the level-of-detail sufficient to reveal any vulnerabilities. We found ~o

deticiencies

11125 Dominant Sequences
CDF is 1 2E-5 1. The domunant [Es are ATWS LOOP, §.B., transients with the Joss

.
The Py esumate 1or the

PCE and loss of snssrument 3. Together these unatng events contributed about 93 4°. of the tota! CDF
STWE alone contributed arcut 41°. of the total CDF. Although this is inconsistent with the NUREG-4550
E & = =z chiferonces in the analyees
Grand Gult srudy taos credit for operator manuaily insertng individual groups of Iontre,
rods PNPT IPE id not take credit for thus operator action
2 Grand Guls studv assumed that HPCS 15 an acceptable means of core injection. On the other

hand Pern resed or BWR & owners group recommendanon that HPCS should not be used

to mutigate the alcigent
These two deviations essentially contributed to the noted increase in ATWS contnbution to CDF. The onlv
other differences between the Grand Gulf study and the Perry IPE related to T2 and TIA. In both cases Grand
But the deviations were adequately explained and appear to be correct.

Gulf CDF s lower than Perry values
Tre [PE identhed and ciearly discussed 15 dorrunant sequences that together contributed to about 817, of the
CDF Sectior 3413 of the [PE present these discussions. Top ten dominant sequences that contribute to about

=57, of the CDF are discussed below

s

Seguence (T3A « T2)-C-L3-X" (T2-cS530)

Freauency 2.27E-6 Contmbution 19 5%
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bich sray result in MSIV solation. The control rods fal 10 insert 170 the core and the reactor
renams 2t power Themotor feed pump has failed toniect into the R 1o mamntain RPV Jevel control The
Operators have faded toinubit ADS resulting 1n rapid depressunizacon X RIV anz ivechon of low pressure

ECCS resulting 1n a reactivity excursion leading to core damage

The irutanng event T3A (transient with PCS available) contributes almost, three tmes as much to the failure
of thus sequerice than does T2 (transient without PCS). Trus 1s due to the failure of the operators to maintain
PCS available for an ATWS scenano. Following the wrutating events T3A and T2 given the mechanical falure
of the control rods. the dommunant contnbutors to this sequence are fadure of the operators to re-open the motor

feed pump control valves, manually depressurize the RPV, and intubit ADS

Sequence T2-W-Y-Cv (T2504)

- . P e doos ey s
” Sy =% Fow syrdoes o g
FEIAUTN Y AR Lanin i n

- -
2728
.

oo ot TCR mansient Ras oscurred with a reactor scram and successiul SR\ operation 10 maintain RPV

otor feed pump has started and is successiuLy maintaining tugh pressure RPV' leve!

v and vennng have failed to provide long-term containment heat removal Without

cmmiinment neat remosal the containment ruptures disabling the injection path from the motor feed pump.
- tag:re pre Gamace

g domirirt commmBLtors to the faijure of this sequence are faiure O the imjechon path upon failure o! the

comtamenen: and fadure of 4,160 VAC Division 2 Bus EHIZ. The maintenance unavailability of RHR train A
ar.d the operator faliure of the operators 1o alicr a containment vent path also contribute to the frequency of

- TRy et

et Muatint

Sequence T1-B1-U1-Va-R (BS24)

Frequency 771 E-7 Contribution 6 6%

A loss of offsite power has occurred and the Division 1 and 2 diesel generators have failed to provide onsite
AC power HPCS has faded to provide hugh pressure RPV level control. RCIC has successfully provided high
pressure KPV' level control for 3 hours at which time the suppression temperature limit of 185° F has been
exceeded and RCIC fails The operators have successfully depressurized the RPV, but the hre protection

svstem has faed to provide adequate low pressure RPV level control and ofisite power was not recovered at

3 hours leadung to core damage

14
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renet  The RPY has been successhdly depressurnizes.  Low pressure BT Maseswy AQd ANEINASE O

Tressure make-up nave raled leading 1o rove damage

Tre 2amunant contributors o the falure of thus sequence are the falure of the operators to align fire protecton
for alternate injection after RCIC faus and the failure of the Division 3 diesel generator to start. Fauure ot the
Division 1 and 2 diesel generators to start, the fadure of the offsite power to provide adequate low pressurc

alternate injecuon, and the failure of the diesel dniven fire pump aiso contribute to the fallure of thus sequence

Sequence T1-B1-U1-U2-R-Va (BS34)

Frequency 526 E-7 Contribution 4 5%

A loss of otisite power has occurred, and the Division and 2 diese! generators have failed to provide onsite
AC power HPCS and RCIC have faled t¢ provide hugh pressure RPV level control. Offsite power was not
recovered at 04 hours The operators successfully depressunzed the RP'V, but fire protection alternate injection

i3:led 1o provide adequate RF evel

s contmibutors fo the failure of thus sequence are the failure of the ofisite power, failure of the
eperators to bypass the RCIC isolation o hugh steam tunne! temperature, runrung failure of the diesel fire
armp, fauure of the operators to align fire ater in a fumelv manner, and start failure of the division 3 diese!

genetasnr Start fallures of the Dhyision | oard 2 diesel generators alsc contmibute to thus sequence

Sequence T1-R1-LU1-R (BS17)

FYLEURNSE 0 5T - Coninladian

A Jost of offsite power Sas occurted, and the Division 1 ang 2 diesel generators have failed to provide onsite
AC power HPCS has faded to provide hugh pressure RPV jevel control RCIC has successfully provided hugh
pressure RFV level control for 3 hours at w hich hume the operators have successfully depressurized the RP\
and aligned fire water as alternate low pressure injection. The batteries fail at 7 hours, and offsite power was
not recovered by 13 hours. There is no containment heat removai leading to failure of the coniainment and

subsequent failure of RPV injecton leading to core damage

The dnminant contributors to the falure of thus sequence are maintenance and starting failures of the Division

1.2, and 3 diesel generators

Sequence T1-U1-U2-R1-V-Va (US28)

Frequency 3.34 E-7 Contmibution 2.9
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cx of oftsite power has occurred Wwith A reastor soTam and suciessni, SRY OFesANOn 10 mamiam A
~ressure congol HPCS and RCIC have faded to provide successhul RPV leve. contro. at fugh pressure Oifsite
£ cwer was not recovered by 0.4 howrs. but the RI'V has been successius depressunzed Depressunzaton
mav be delaved unt the MZIWL 15 reached dependent on the imecnon svstem augnment With the RPV
depressunzed, low pressure ECCS make-up and fire protection a'ternate imection have falled to provide RI'V

level control leading to core damage.

The domunant contributors to the failure of thus sequence are failure of the Division 3 diesel generator to start
and maintenance of residual heat removal train A, LPCS, and RCIC. Fauure of the offsite power and failure

of the RCIC turbine driven pump also contribute to the core damage frequency for this sequence

Sequence (T3A « T2)-C-U3-X (T2-CS28)

- - - -

Frequencv 312 E- Contribution 2.7
4 tramsient has occurred  The PCS mav be Jost either due directly to the transient or due to subsequent
condmons whuch may result i MSIV ssolation  The control rods fail to insert into the core and the reactor

remains at power The motor feed pump was not successtully placed into operation. ADS inhubit and standby

ol 4

g con re tuccesstul, but depressurizanon of the RPV by the operators was unsuccessful resulting in

(=g -
MEUIS CONTO. are

core damage
The domanant contmoutor 1o the fatlure of tus seguince s the taliure of the oy crators to re-open the moter teed
amy conerol valves and depressurize the RV For the IPE for a transient with PCS available coupled with

¢ ATIWS 1t was assumed that the MSIV jsolation at RP\' level was not bypassed. This 1s also one of the

pntmbutors to thus sequence

Based on our review, it is concluded that the IPE identified dominant sequences and expanded to the level

of detail required to identify dominant contributors. In our judgment, the sequerces are consistent with

plant design

11127 Front-End and Back-End Interfaces

The Level 1/Leve! 2 interfacing was accomplished through a set of Plant Damage States (PDS). The PD5
grouping logic diagram (Figure 3.1.4-15 of IPE) was used to group some PDSs together in order to reduce the
number of required contawrument analyses The grouping logic diagram asked a tota) of eleven questions Listed
beiow

i Not a containment bypass sequ >nce

Containment status at core damage

=

17



- lruna! Containment Heat Removal with Suppression Coouns
% Contawrument Vent lsolated at RIMV Fasure
'3 RPY Inection Fallure Time

Otfsite Power Recovery Tume

g Containment Heat Removal with RHR Sprav Loop
9 Containment Heat Removal with Vent
10 Late In-vessel Injechon and Pedestal Cavity Supply

11 RPV depressunzed dunng core damage

The logic diagram was checked for consistency In our judgment, thus grouping logic examuned all the possible

Level 1. Level 2 interfaces

DS Event trees w ere developed and submitted as part of the IPE for each event. These PDS event trees were

ew event tree t1ops o the Level 1 event trees  PDS sequence quantification was

| S

bl )
-~
[ &
¥
o
£2
&1
5
r.
“y
~

wt - giipe
reriormed using NUPRA The DS sequence screening enteria 1: truncabon value of 10E-T/yr. as

rezommended in NUREG-1333 Based or the review the following conclusions have been drawn

L] Imporiant sequences were not screened out. As noted above, a sequence aas screened out
~lu weker ws frozuerct fell below the fruncaton value of 1.0E-7 or sequence cut set
frequency fell below 1 0E-10 Thue s consistent with NUREG-1335 guidelines.

. One of the top logiss = the PDS grouping logic diagram (Figure 3.14-19) pertaunes 1o
Comainmen! by -pasd

. Piant Damage States exylicitiy considdered all important reactor and containment systems
Adazonal top events were ncorporated in the PDS event wree to include contaiument systers
and some of the reactor systems and recol ery achons into Level 1 Event trees

. Source Term estmates could not be checked and could not be verified for consistency. Thus
1s primarily due to the fact that the IPE did not provide a clear defirution of core damage
states, | e, percentage of core damage corresponding to each PDS. Given that, the only mear::
of checking for the source term is to exarmune the MAAP output. This is out of our scope of
work

. Sy stem mussion fumes, iy entory depleton concerms and dul usage of sprays were accurately
zdclrecsed. The only irnportant issue i« cavitaton of HPCS pumps wher the suppression poo!
reaches saturaton The IPE submuttal clearly states that thus is not a concern even when a

maumum credible Large LOCA occurs, depleting the suppression poo!

18
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In our judgment, the Level Ulevel Il interfaces were accurately addressed and adequately “ocumented

No deficiencies were found.

111258 Multi-Unit Considerations
Perrv Nuclear Power Plant consists of a single urut, Unit 1; the Unut 2 1s incomplete and non-operational. There

are no expected runaung events from Unut 2 that will effect Urut 1 operation The only svstem shared between
Units 1 and 2 is DC Batteries which are cross-tied. At present the cross-tieing 18 manual and efforts are

cxen thus process The IPE has taken credit for batters a-tie un the Station Blackout Event Tree

undenvay 10 guiiaen thus

o other dependennies 07 CTOSs-Nes were Jound

113 Review of IPE Quantitative Process
arputer code NUPRA for sequrnce guantiication and event tree fauil free

AP IO
. LT &

PNDT IPE usea 75 tasea i
ciesia Lsted i the Genenic Letter 38-20 was used in the analysis. For exampie 2

Eunsan ot 10E-10 was used to screen-out some of the urumportant

&€ 2 GEDOE el £ r...._€.",_- B anaataT xaiUe 03
e achors woere snciuded after thesunal guannfication by modifving the event trees xo

it Tt ammyadde ponypirer o aznons Additoually allithe soquences with frequency hughes

- - ; ,
e e NP retangd 107 IURNeY analvals

Special attention was paid to analvzing IE that have impertant

» svaterrs  The overall quantification progess is widely accepted in the ['iA

Zamprdencies wils the Fron-une svstem)

< po deticiencies were found In additor, NUTPRA was used for uncertainty analysiz Lnat

P T T
commaEiGy &

s-nied gats uncertawney. and s ympact on CDF Addinonally. the uncertainty analysis focuses on

o amear g T aLn R OF the Dasic events oL Fusseli-Vesely, Rusk Redusuer and Risk Achuevement techruzces

. in = -

Fira. ., a sensitin it analyveis was carned out to quantily the impact 0! wratiating event frequency. human

reliability, common cause falure data and maintenance data on the over all CDF. The results of the

quannhfication process ‘uncertainty analvses are summarized below

The point estumate for total CDFus 12E-5/yr The distribution for CDF following uncertainty analysis is

Mean 14E-5/v2
Stancard Dev.aton 395/ vt
§5th percentle 25E-5/ve
Median 11E-8/vt

Sth percentue g 2E6/vr

19
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In our yjudgment, the quai..ification process is sound and is based on methodology that is widely accepted
in the PRA community. No deficiencies were found A few inconsistencies in the data used are discussed

below

11.1.3.1. Quantification of the Impact of Integrated Systems and

Component Failures
As mentioned previously, Fault Trees were developed for each of the front-line and support systems
Component fadure data was obtained for each compenent Fault trees were then integrated and linked t0 the
evert trees using NUTRA  However, a detaled uncertainty analysis was carried out 10 guantify the
Grcertarty in the data  Other comments on the data are presented below in our judgment, the

guantificaticn process 1s good No deficiencies were found

11132 Fault Tree Component Failure Data

FA U InE SeruSTE QIS NG submuttal € freatment of fault tree component fa:lure data 56;‘5‘-.'336

2 smuisiore pre presered concermung plant-speatnic. genenc. and cOMMEn cause companen: farlure data These

Zoarsdnors 33ares= Work requirements 1.3.2 13.3and 1 3.3 enphicitly. 7. .o choice was madie 10 ntegraie the
S13ius 0N 10 AR 2 sepennon

Genenc Data

'

e I , R T S S
¢ siersee ras pramaniy used NUREG-4350 a¢ the source for the gener.c fa..

ure data We have spot cheched

crtifies the genenc data as pount esnmates. where as the NUREG-4550 failure cata are mean values. Thus
irconsistency should be addressed or the discussion in the IPE should be changed to accurately identify the

form of the data used

1t is concluded that the licenses kzs met the NRC''s veview guidance criteria regarding generic failure data

used in the sys:em fauit trees

Plant Spec.fic Data
Guwdance penonp 2-6 (tem 2 155) of NUREG-1333 states that plant-specific data generally should be used

MRS

icr certarn tupes of items for plants with several vears of experience unless a ratonale 1s given The
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~eprenn recommended by NLREG- 1358 indude aundbany feedi ater Fumyps €mnergenl (0¥ J00UNgE warer

rumps havenes electnial buses Dreanersand diesel generators

R o
s

Because of the short aperaning hustory of Perry, the licensee has choser o use genenc daia for most of the

components Lsted above. Howener, the Licensee stated that the diesel generators do have a fadure huston for
come moges of failure and that a plant specific diesel falure rate 1s developed. It appears that the rate 1cr
runrung faslures (7 86E-3) was denved irom plant speahic data. However, no method or model was presented
i the submuttal for the development of thus value Consequently we could not verify the accuracy of thus value

Licensee should explan how they obtained data for failure to start in the IPE

It is concluded that the use of generic data in the place of plant specific data is reasonable given the age
of the plant It was stated in the IPE that the licensee plans to update the IPE using plant specific data as

1t becomes available. However, no discussions were presented on how such a plan will be carried out

The development of the running failure rate for the diesel generators was not justified Considering that

this valuc 1s nonconsenvative when compared to the NUREG/CR-4350 value (1.6E-02), it should be clearly

ustifred

Common Cause Data

eo aralvass was mosiarmed fo) Mving the general guidelines of NUREG CR-

- o 3
- s olge vam & whe ama W2 (L

— Tl T T

B

4780 NMoslen 1985 The Perry anaivsis relied on both a hustorical database (source. Haliburton NUS)and 2

to obtain the dominant COMmOn cause coraponent groups. The domunant

SLantitatie screerung process 1 Oialdl Ui

~rron cause fadure groups idennned are Listed below

-

E3W Motor Operated Valves
Diesel Generators

ESW Motor Driven Pumps

e & & o

ECC Motor Dniven Pumps

The Perny aevsis rebed ulsc on the Haliburton 'WUS failure database for data ana'vsis The generic comumon-

csuse fatlure £ onts inthe daszbase were “re-in‘egrated 1o be Perry specific as recommended by NUREG/CR-

4780

The data analvsis resulted n the following common-cause failure probabilities

21
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The methodology used for the Perry IPE commor-cause failure analvsis follows the procedures of

NUREG/CR-4780 and is, therefore, acceptable for the IPE based on the guidance of NUREG-1335.
1114 Review of IPE approach to reducing the CDF

11141 Methodology for Identification of Plant Vulnerabilities

e PNTP IPE used NUMARC Severe Accident Issues Closure Guidelines for vulnerability screerung  These
gudelines are Listed as follows

Eg b -

Ameribaton fom 3 B 0 PUBIOT 07 SVStemS fallure is greater than 30°c 1o tie total CDF . then

s A

Anbribites Y020 18 ;e v -~ moteeeial
DRITIDUIeS LU MR aS u.\f¢r.efeu L a ro.e“u .

vesspated Simuarly, congibuton from sequence Sroups between a core damage
srequera of 1 0E-F and 1 (b-3 are revien ed to determune if an effective plant procedure or hardware

chanze whuch would reduce the frequency of the sequences

Based on thus vonerabiiey definunion, the IPE concluded that no sigrubicant vulnerabilites ewst The IPE
repouped the scguenies inio a senes -i furmzonal acodent groups according 10 the criteria of NINMARC Tabis

| of the surnuttal presents these sequence groups and their contribution to CDF  Of these two groups

- semuences have beer idennified which contribute between 20-30%. The hirst group. referred to as Group 4
+ sre 1P ie made Lp o achident sequences snvoiving ATWS leading to containment tailure The second

group. referred 10 as Groep 2 in the IPE, 1s made up of accident sequences involving loss of containment heat
removal leading to contaiument falure and subsequently core injection failure Section 3.42.1 presents
discussions on these vulnerabilities and identbies specific systems actions that contribute t© these
vulnerabilibes Several modincations have beer proposed in response to these identified vulnerabilities, whuch

are the matter of discussions in the following secton

In our judgment, the IPE has taken 2 reasonable approach to identifying plant vulnerabilities. No

deficiencies were fouid,

L)
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11142 Plant Improsements and Planned Moditications
el I0L0OV

1
L }

ITrierentes O 10 be unp.emented ¥ e near puhle

Modifications Already Implemented

Loss of Offsite Poiver Instructions

T 1 :‘ ] Y » b - .- 2z 1] > 3 . p - e - s v e 4 Py
FE i tallawing plan: modificazons that either have beer COmMPIeES OF I IRE Trodess O Deing

. Retention of RCIC isolation bypass for hugh steam tunnel temperature
. Enhanced process for cross-neing Urut 1 and Unut 2 batteries
. Enhanced process for offsite power recovery to HPCS and alternate injection systemn buses

Elooding Instruction

. Enhanced response instruction for flooding scenarios

\Modifications to be Completed in the Near Future

° ATS automatis Suhaton

. Fast Firewater ¢ between fire Protection and HPCS

. Permanent Division 310 Division 2 quick connect

L Redustior of Out-2i-Ser 2 Tume for certain ¢crihical components

\odit, ation to be Considered for Implementation

Passive Contaamment Lot Path

e 0f the sensitvity anals ses periormed was to assess the ympact of containment failure on 1os: i

LS L L

RNV inecoon and subseguent core damage The addinon of a passive containment vent path trat does

ot e e d s
b NI gl SEEIE S

by 165, or rorn L ME-Ree DIEDS

AC power would reduce the core damage trequency from internal and floodins e ents

One of the contributors to core damage frequency for ATWS is manually inhubiting ADS. By installing
an automanc inhibit of ADS, those ATWS sequences in which manual inrubit fals would drop out
The overall core damage frequency 1s reduced by : 3% from 1.3E-5t0 1.0E-3 The sequences resuinng
from thus failure result in an uncontrolled flow to the RPV from the low pressure injecton systems with
subsequent core damage and containment fai'ure The addition ~f the auto inhibit would reduce the

frequency of thus set of sequences

23
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1113 Review of Licensee's Evaluation of DHR Function

11131 1PE's Focus on Rehability of DHR
Based on the Vulnerabiity Screerung, discussed above, and importance ranking measures examuned tor a

potential vulnerabiity As stated in the IPE. their contribution to CDF from loss of DHR is about 45°. and

comes primarnly from the following functional failures

Loss of Decav Heat Removal rom Contanment Leading to

Care lmestion Failure and Core Damage 32
Loss of Otfsite Poswer and Make-up 13
Loss o Conlant Inventory Mape-up at Low Pressure S
! ans of Miph Presture Nakeup and Failure 1o DEP <]
Based on the umromance and sensisian analyses the IPE condiuded that a single plant modshation that would
slmvut samly Zorredse thus conmibuton i Pres ertion of contarunent faslure The contribution of remaming
2y idual comrorens s smal. A passive ventpathis proposed in fespans T ang will be assessed in the ruture

11132 IPE Considered Diverse Means of DHR
IPE capsidercd a diverse means of removing decay heat from the core inciuding Feedwater Pumps, Motor

Peedeamyr RCIC ADS&SRV: venning, HPCS LPCS and LPC! lonce through and closed loops! It a0

L

considered reuance on the hire-water Cross-tie 2s an altemmative for low pressure iyjection Simulariy, the ITE

considered Suppression Pool cooling. RHR Heat Exchangers, and containment venting as possible options 107
heat rernoval from the containment In our judgment, the IPE has considered all available diverse means

2§ DHR. No deficiencies were found.

11153 Unique Features
1 Failure of containment leads to failure of core injection and Core Damage Failure of RHE

leaus to failure of containment

2 HPCS and RCIC switch-over from CST to Suppression Pool Cooling 1s automanc.
3 Fire water cross-tie is a standby core injecthion mode at low pressures
4 Suppression Pool Makeup 18 by gravity head The makeup rate can prevent NPSH failure of

MPCS in the case of worst credible LOCA

4



1 OVERALL EVALUATION AND CONCLLUSION
tee PNTP IE 15 4 Leve, I PRA for all ivternal events and imternal flooding oray. The submuna, ciudes priet

! [’ - e 2 R Lk eE b wmeme b P gy o - ¥ . - ]
¢ both the front-line and suppor: svatems excep: 107 the BSF Alnaanie svstem Ausd
i

oen are Line-drawn schematias o each svstern The Lst 0f unanng e\ erts are COMpiet and indiudes severa,
piant-speniic speciai wunators. The FMEA was used to screen out HVAC related wutating events. The

irusator frequencies were reasonable and obtained from accepted sources (NUREGs ang EPRI Reports) The
{ault trees were not enclosed to the submuttal, which 18 not a requiremer.t for “Step 1 Review . From the
discussions it 1s clear that each system is modeled to the component and train ievel The generic component
failure data for a vanen of components 1s taken from Grand Gulf study and ap, ears to be reasonable and
conservanve For several systems, including ECCS, generic data was used in place of plant specific data due
{o the short operating hustory. The common mode fadures were reportedly handled according to the guidelines
MINTREG CR-4780 The methodology used appears to be adequate although we could not confirm it since
tne descnpaor of common cause analyvsis in the subrruttal 1s brier. Sequence quantfication methodologs -
screering criteria are alveptable. AR uncertainty analvsis was carried out to quantfy the impact of the data
reseaime an the COF  The NUScomputer code NLTRA wae used for SET'LFT hinkung sequence

< ametcassre and uncertainty analvsis A hsting of domunant sequences was provided ana donmunant
comgributors were explatly discussed  An importance ranking ol the functional events pased on Fusseli-
ik reduction and nek dchuetement techrugues was provided. Expliatand detailed DHR analvses

were preserted Thus anaivess considered diverse means of RHR removal from the core as well as from the

e rnimemges Frmgllh cmlbrcpgesseaton o the IPE aswell as the unlity peer-review process is reasonatie and
meets the wtent of Gerenc Letter 30

t0 o the PR 3t 16 clear that the CLl expended reasonable effort to gain insights and design plant modincanons

vm g0 10l prurcmize plant vulnerabilines Some of the plant modificanons have already been completed and
some dre umderwas ke plant modibcancns, whuch nciude Automans ADS Inkubit’ and Dassive

Cortainment Vent are under consideranon



N IPE EVALUATIONS AND DATA SUMMARY SHEETS

1L des the data sheets related 1o the frontend pornior: ¢t the PNPP IPE. The tormat of trus

- . -~
FOas SECUON SCiLag?
arpendiy follows that provided by e NRC n pur tash statement 1o Perry Nuclear Power MantUmti The

secton numbers are accordung to the NUREG-1328 Standard Table of Contents which was closelv adhered 1o

bv the ITE

Thus appendix simply Lists the data; no cntigue of the da'~ 15 presented here Thus information is presented i

the previous sections

24 Information Assembly
Perry Unut 1 1s a BWR/6 with Mark Il containment Thus urut is very simular to the Grand Gulf nuclear power

ctanor which is a NUREG/ CR-4550 reference plant Other simular plants for which PRA studies have been
ated

Aail

performed include BWR . 65 at Kuosheng in Taiwan and Cofrentes in Spain All these plants have beer
- tre IPE submuttal Verv munor differences in the front-line systems exst between the Grand Gulf nuclear

i the differences are related to cross-nes between units (DC battenes v-tie: But

- oA T’ - g 3 e
ceut and Terry Uit 1 Mozt of

\pe of them were found to play sigruficant role in the accident mutigation

i

311 Initiating Events

Table 21 1-1 of the submuntal provided the PNPP IPE irutiating event List whuch includes the mean frequency

or each imitianne evont Also Table 34 1:1 of the IPE submuttal provided a summary of core damage
hejuency by inutiating event. These iw'o tables were merged together to compile the following table

3123  Front-Line Event Tree Review

Licensee s basis for the Success Criteria
Tre Lizensee used MAADP analvsis to develop success ariteria for the Level 1 and the Level 2 PRA analyses The
success criteria are \ery sumular to those Listed in NUREG/CR-4550 for Grand Gulf, except they are sghtly

conservative in few cases The success criteria are consistent with the information provided in the Updated

Final Safety Analysis Report (USFAR).



Table IV.1. Contnbution of Generic and Plant-Specific Initiators to the CDF
P

Loss of Offsite Power Transient
i B || Station Biackout 22566 |f| 193
T2 ; Transients with the Loss of the Power
| Conversion 167E-6 Jf 143
T3A 3 System (PCS) <1E-8 ‘ <0.01
| T3B 1 Transients with PCS Initially Available ? i
I I Transients Involving Loss of Feedwater <1E-8 ' <001 ;
I TaC with | |
' the PCS Initially Available C13sE ff 1z |
T1A Transients Caused by an Inadvertent Open ;

Rehef Valve IORV) on the RF) 101E-6 |} 8.7

Transient Caused by a Loss of Instrument

|
o]
| |
I

Air

A Trars<ient Caused by a Lose of Service 21187 18

s Water 6.19E-8 ! 0.5

&2 Large Loss of Coolant Accident (LOCA) 3.34E-5 ; 0.3 |

% Intermediate LOCA <1E-8§ i <0.01 .|‘

0 Small LOCA aes | <00 |

I Interface Svstem LOCA <1E-% <0.01 ]
| ATWS Containment Byvpass LOCA 473E-6 fj 407 "
i : Vessel Rupture E |
; ; Transient Without Scran | ’
Notes

(a) Staon Blackout is a separate event tree developed as part of LOOP (T1). Itis not an LE. by itself.

(b) Al events leading to failure of scram following an | E are classified as ATWS. ATWS is notan

LE. by itself

*] Es 1 the bold are the plant specific 1.E s



Functional vs Svstemic Event Trees

~we PNPP IPE wied funcnonal event trees. A ditterent FET was developed iore2:n 1 E Lsted in the table

above The FETs were configured 1o model svstem response 10 specins iratiating events through the wse o

ever: wee tor lomzs. Fault Trees were developed to mode. both front-line and sUppOT: shstems Event tree top

Jogics and fault trees are ot a pant ol the IPE submuttal.

HVAC Assumptions

The HVAC svstemns were reviewed for special inutiators and were screened out through Failure Modes and
(FMEA). IPE cited engineering calculabons which revealed that un spite of the failure of
room temperature would remain less that 120° F, thus not challenging the

from the failure of the control room HVAC

Effects Analvsis
control room HVAC the control

conol room equpment Conseguently no reactor tmp 1 expected
was provided for MCC Switchgear and \Us: Electrical Equipment Area HVAC svstems

'ﬁ

malar reasorung

Thus HVAC was screened out from the List of irutators

Pa ? gested that Joss of MCC and Switchgear HVACs may

appareritiy si

'r:

lrusal analises, as Tepone L
: s

seelt (0 Preaner jauury. Thus. thus fadlure was {ormulated a5 a major event tree top eventan the LOOP and

Siamer Biackout event trees Apparently more recent analyses revealed that trus was not the case Although

s pimcton has temained in the event tree. 3 success probabuity of 1 was assigned

S e |

: AR 0 emad shas mane of the HY AT svstems contnibee 10 Teactor mp and that none plav

o Sytcse i g AR an ¥ S

nunicant tose in the acaident mungation  The IPE cited several utility calculanons as the basis 101 these

313 Special Fvent Tree Review

terry Nusiear Power Plantss 2 BAWR ‘e RCP seal cooling i3 not relevant to thus IFE

314  Support System Event Tree

Event Tree Methodology
The PNPP IPE emploved SET/LFT methodology

Contractor Employed
The contractor emploved by the PNPP is Halliburton NS Corporation
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Fault Trees

: R e 5 T, . b 1 § g o A BLiata
2T D At PIOY sdes & detasled Lst of the ot liné and sUTTOn sVElems 1or @

1 4F reprodiaced el

Frontiine Systems

RPV Depressunzation
Standby Liguid Control
Residual Heat Removal
- Low pressure Coolant Injection Mode
- Containment Spray Mode
- Suppression Pool Cooling Mode
Low Pressure Core Sprav
High Pressure Core Spray
Reactor Core Isolation Cooling
ondensate Feedwater
Fire Protestion Alternate Injecter
FSW B RHR B Cross-Tie Alternate Injecoon
Reacter Feed Booster Pumyp Alternate Injecaon
Containment Ventung by Fuel Pool Cooling and Cleanup

’ % o &
Corainmen: Venting RHRA Contanment '.“;f.‘?i

supporn Systems

- - LR
ARt o < L S i %7
wats b eSNBinTs I\,..Hahe -

)

revwell Vacuum Rebef

ECCS Pump Room Cooling
Diesel Geresator Roam Venlanen
Emergency Closed Cooling
Nuclear Closed Cooling
Emergency Service Water

Safety Related Instrument Aur
Service / Instrument Aur
Emergency DC Power
Emergency AC Power

Service Water

Turbune Building Ventilanon
Heater Bay Ventilation

Turbine Bulding Closed Cooling

- -
[

*ta
L

it trees were analized




323  Svstem Dependencies

Plant Unique Dependencies

The dependency matrin indicates that set eral of the front-Lne sVStems are Comyp.ete,) SPpendent on diis
powe: These include ADS ard SR\, among numerous others. Thus can not be true since these svstems recen <
emergency pnwer, and the dependency matrix must be sorrected Similarly, the dependency matmx indicate:
partal or desayed dependence 0f set eral front line svstems on the HVAC systems The IPE on the other hand
states that recent calculations have shown this to be untrue In which case the dependency matrix must be

corrected. Otherwise, the only uruque dependencies noted in the review are as follows

-t

The saferv-related dc buses can be cross-tied to the dc batteries in urut 2. which 1s incomplete
Tr.s feanure extends avadabity of dc power following LOPA and Station Blackout seguences
2 The HPCS DG can be cross-tied to Division 2 emergency bus, which enables the containment
vent 1 al e and hydrogen jgrutors to be powered in the event { LOOP and loss of Dy 1anc
DGs

Core wrie-son as a funchon 1 dependent (partial and delavea: on the contawnumen: heat

rernoval svsteme  Thus s not adequately represented in the IPE

Name of the frantline systems are dependent on the HVAC systems

Plant Asvrmm etries
Tre Dhiasior 3 HI'CS Dhese] Generator i« a difterent size and tvpe from the Dhvisions 1 and 2 DGs  Any other

e e

asvTro e ones resent are thosc ampliant 1o BWR 6 desagn

331 lList of Generic Data

NUREG CF <4530 was adopted as the primary sourde 101 the genenc data Onlv sbgnt ditterences were noted
between the generic data for lunaung Freguencies reported in NUREG /CR-4330. whuch were taken from
NUREG /CR-3862. and the PNPP IPE The genenc failure data for vanous components is checked against other

sources, inchiuding NU'S BWR Genenic Data, NUREG/CR-1363, NUREG/CR-1740, NUREG /CR-3831, IEEE-Zo0
WASH-1400, and GESSAR I Our review revealed Little dufference between the Generic Data used in the PNTP

IPE and NIUREG/ CR-4350 for most componerts.

232 Plant Specific Data and Analysis
Plant speafic data wa< used for fadure rate of the diesc| generators Also system unavailabilties from testing

and maintemance of ECCS and RCIC were derived based on plant specific data. However, due to lack of plant
spechic date for fallure of other systems such as ZCCS pumps. generic data was used The IPE subrrurtal did

not provide speahic sources of thus genenc data Additonally, IPE did not provide methodology (e g Bavesian

30



Ly oates wsed 10 dente e plantipesnl data for the fases wrare it as Sgred O FArM40eNNT B TRi8
irssemation must be provided as part of the IPE tor reviens In some case: the plant specind fauure Satd
a=cears 10 be grossiy irzonsistent with the NUREG CR-4830 data. 1t should De better explanes

334 Common Cause Failure Analysis

Techniques Used to Treat Common Cause Failures

Description 1s incomplete and/or mussing The IPE noted that detailed description 1s provided in Appendin
C.2 whuch is rrussing from the submuttal. The description provided is inadequate and suggest close adherence
to NUREG-4780 guidelines for common cause analysis Additional descnption seem to indicate that Beta

Factor method was used for common cause analysis

Leve! of Treatment
svided in the IPE 1t 1s assumed that IPE follow ed NUREG-4780, which

& again ths rdormanon 15 not pro

-

-ate thar the evel of treatment 18 component groups

e -
(TSI b8 S R TR S

-

Most Significant Common Cause Failures

Tre follawing were Listed in the ITE as the most sigruticant COMMEN cause faslures

System Perxy Malue

P S0ON e D34F- 2

Diesel Generators3 8TE-4
ESw Motor Pumpis3 41884

ECC Motor Pumps1 291E-3

&ources of Common Cause Data

Sources of the data were not expliaty stated in the IPE. Our review has ciear!y demonstrated that failure dz:a

18 sigrahcantly dufferent from the NUREG/ CR-4550 common cause failure data. One of our recommendations

15 10 provide sources of this data
315 Quantification of Unavailability of Systems and Functions

Systems or Components with Noted Unusually High or Low Unavailability

No systems or funchon were found to have unusually large or low unavailabilites

K}
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Sources of the Data

X > e e L] Slatd - ' T "I
as e Al erry LNt

[ s PMENE e pea s 2 v wy ~] - . - - - s ¥ -
O zé apa.r. the sources of tne data aze nor Clearsy identifiel Indeltor 33 2.1 waas menny

NCIC svatems Howevet

1

1 documents were used o JeterTune plant speains unatauabuiny data ror Eol

3
methadolog used was not speahed Sources of the data 107 remawung (omponents Was not Lsted 1tappears

that at least for some components NUREG. CR-4350 data was used Thus remauns to be connrmed by the utilty
337 Quantification of Sequence Frequencies

Codes Employed
The entire Level 1 analysis including the internal flooding was performed on the NUPRA workstation

developed and supported bv Halliburton NUS Corporation

Uncertainty Analysis
siame  An uncertainty aralusis was performed to evaluate the uncertainty on CDF resulting from the

-

Lmrerrainties on thy Daramieser L a,ues of the core ganage model Ir addition, A sensinvity anaivsis was

-

t

cordudted oo gquantih e npact o™ uncertaindy In utating even: ?"i‘::‘u’t’ﬁ:‘y success Critena. human

[SRL e

yeabiity coenion Sause tadure data ans maintenande dataon the overall COF

Adgasiad 14 sesmpaeg Sman NUPRA s 2s a0 used fUr uncestaruy propagation
SASae g starpeary s &d AN 23 dD UseS T ceratt F.P‘.A..

338 Internal Flooding

Methodology

PRogeee gl

A preaminary screerung analvsss rellowed by a maore ir-depth analvsis on those areas not screened was
emnioved The screesurg anaives s malar to the IDCOR method where the plant bulldings are broer o
e flood zones and vital satety equipment is identinied withun each zone. Major flooding sources are then
sdentified withun the zones and flooding initiator frequences are calculated from genenic data from LS. nuclear
plant expenence For the screerung analysis, vatal safety equipment located within the flood zone is assigned
2 failure probability of 1 and a conditional failure probability of the remaurung safety equipment required to
Jead to core damage The frequency of core damage appears to have been screened against a frequency of 3

X 10-7/vr with the surviving scenarios then being more thoroughly analyzed

Contribution o CDF
A 10tal contmbution of 13 X 10-6 'vr representing 12°¢ of the total contnbution from internal events and

flooding was determuned
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Critical Intemnal Flood Areas

Fexor Table 23.7-1, rune areas sunived wutial sCreerung Thev consiss oF
1 Cortrol Compler - 572 10

Control Complex-5%9 ,

Turbine Building and Turbine Power Complex.

L

Aunxgiary building-568 ,
Auxiliary Building-599 ,

Steam Tunnel,
Control Complex, Unit 1 Division1/2, Battery Room /Switch gear 6385

e )

Auxihary Building Corndors,

© ® 9 o

Service Water Pumphouse

Cwly fiveof these areas are subsequently discussed as having been analvzed in detail Of the rune surviving

sapac oplvthe first four appeat to be sigrunicant coneributors t0 core damage accounnng for a total ol 8%, ot

~

;. 1 ~ N N 1 - . . -
e tetral flooding sontribution to fore Gamagde

Most Critical Flood Sources
Sary oo Water, Cisculating Water (Turbine Bullding'. Emergency Service Water, Condensate Transfer

341 Screening Critenia

S ssegring criter:a listed in the Generic letter B8-20 swas used in the analvss

Form of Truncation

3 - ¥ et 10 e o] r -~ § s 5 1 - 1 s - N ey e
5 eimeaton value of § CE-10 for the sequence cutsets was used In addinon, every sequence witha prabariity

s0 1 OF-~ were retained for turther analvsis

Definition of Core Damage
Core damage was defined as falure to maintain the \water level in the RP\' above the Minimum Zero Injection

Water Leve! or, in the case of ATWS, failure to maintain the maximum cladding temperatures below 2200 F,

with no possibility of recovery of injection in the short term:

2l
a2



Total Core Damage Frequency

T=e point estumate for tota; CDF i 1. JE-% 1 The

Mean. 14E-% ‘wr

Standard Deviation 3 9E-3, u1
95th percentile 2. 5E-5 ' vr
Median 1.1E-5/ vy

Sth percentile 6 2E-6/yr

Dominant Contributors
The dominant contributors to the nisk are. ATWS, Transients (mostlv T2 and TIA), LOOP, and Station Blackout

Together they contribute about 57 4% of the total CDF

Recoveny Actions

-

v sia
L

”

12

Man recoOvery actons were considered 10 the anaivais

Operator fails to None Unut 1 and Unut 2 battenies

Operaror fadls 10 align condensate ransier alternate injection

Crmerator 1als to align nre protection after RCIC fails due to suppression pool temperature
Crperator fauls 1o align fire protecton after RHR fails dueto MCC HVAC tailure

Croratsr fadds to alian fire protésnon ater HPCS tfatls

(rerator fails 1o align fast tire protechon aiternate necton

Crerator fads 1o control reactor teed booster pump during a loss of instrument air trans.ent
Orerator fails to control the reactor feed booster pump following loss of Insrument Airin a
ume frame greater than 2 hrs

Orerator faus to align suppression pool clean up alternate injection (late iniection
Operator fails to locally open 1G41-FU145

Operator fauls to depressurize after core damage having failed to depressurize earls

Operator fails to wrunate SLC given early tailure to wuhate.

Onlv other recovery action is recovery of offsite power in the case of LOOP.

342  Vulnerability Screening

Importance or Relative Ranking Provided’
Yes lrutatng Event Importance Ranking by Fussell-Veselv, Risk Reduction and Risk Achuevement methods

were provided in the IPE (Tables 34 1-7)

- - R RE————
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Licensee s Definition of Vulnerability

] = - " . 92 1 a2 . - ’ =" ~ o - i - 2 ]

1 the contnbution fom 3 Svern uDator or svitem fadlure s greater than § tre 1ot ICOF 3838 ierrreted
o b i - S lviar Bdat & 3 2 Bise - 2 _ ad e ' Loy

A+ 3 Signuficant vidneratilty, st contmbutes between LPand B ot s anIerTTEN S 37 A FONRNA VLaneTabuih

-

o re mesppated Additonally contmbution mom sequence groups cenveen a COF o2 10E-Fand 1 (E-d are
reviewed to detertrune if there 1s an effective plant procedure or hardware change which .. .ld reduce the

freguency o! the sequences

Vulnerabilities

No irubators or a group of sequences resulted in CDF larger than 30% of the total Hence no sigrutican!
vulnerabiities were found However, ATWS sequences (Group 4) and loss of containment heat remon !
sequences (Group 2) contribute between 20-50% of the total CDF. In the ATWS sequences the potential
vulnerabilin s the failure to inhubit ADS, whuch leads to reactivity oscilianons and possible core damage In
the Croup 2 sequences the potennal vulnerability 1s dueto the fact that Joss of containment heat removal also
resulss 10 Joss of coreimecnon  The contnbusion of these sequences is about 2 6E-p. which 1s well below 1 0E-F

L s 3 A - a3 e At s, - 1 T - = | :
Carg of 2he vuinerabidmes are RME relawed or Iniernal Flooding relates

Plant Fixes

Tw o roental plant imrrovements wete donsidered toreduce the core damage requency. These are
. 2L A . TN dea
oyt e wkadt side s COF o

Autamarnc ADS Inhibi 1or ATWS whuch reduces CDF from 1.3E:5t0 1 0E-3

Fowever these proposed improvements are under consideration and their necessity will be determunesd

-

vithe IPE  Ne schedules were proposed for thus change
Plant Life Extension

IPE d:4 not consider plant life extension in the proposed plant modificatons
333  Decay Heat Removal

Method of DHR

IPE considered a diverse means of removing decav heat from the core including feedwater pumps, motor
feedpumy RCIC, ADS&SRVs « ¢ g HPCS, LPCS, and LPC! (once through and closed loops). It also
considered reliance on the - ater cross-tie as an alternanve for low pressure injection. Simularly, the IPE
considered suppression pool cooling, RHR heat exchangers. and containment venting as possible options for

heat removal from the containment Thus the IPE has considered all avaiiable diverse means of DHR.
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Cred:t for Recoven of PCS

o
B N
- -

st vt take ayedst (orTelONED o :.'.“-'vf.’ (P

QEVETAIOT EVEIEMS

\Main Feed Water Trip on Reactor Tnp

No. Credit was taken in son

miF

& sequences for continued operanon of the MALN feec water pumps atter realios

Unique Front-end System Features

Important uruque features include

There is a motor driven feed pump that 1s normally in standby and il start on an automatc

1
signa! at Level 2, following failure of the turbine driven pumps
. Tre safen-related dc buses can be ross-ned to the dc batteries in urut 2, which is Ancompie e
Thu: feature extends avadability of dc power following LOPA and Station Blackout sequences
Tre HPCS DG 16 not of same 12 Of 1upe as the other two DG This will reduce Useln 22
comemon cause fanlure of all three DG s
4 The HPCS DG can be oss-ted 1o Division 2 emergency bus, which enables the contains’s o
cert ~alyes and Rydrogen IETENTS 10 be powered in the event of LOOP and loss of Div 1 and
DG+
5 . romgrd fxiiave loads toanrernor fadure
- Maneup © the Suppression Poal is provided by gravaty head Nopumps aremmvoliec
- HICS and LFCS iniest innide the shroud Consequently, the HPCS 15 not 2 recommer ded
swstem for ATWS mutigaton
¥ =e ADS inhibit achon s not automanc
6 Plant Improvements and Lnique Safetv Features

Important Insights
The IPE results indicate that ATWS 1s the largest contributor to the CDF. Thus result is different from Grand

Gulf study, where the major contribution was by common cause failure of the DGs. Major reasons for the

deviaton are

L)

PAPP IPE did not take credut for operator manually inserting individual groups of control

rods, and
PNTT IPE assumed that HPCS ijecnion 1s no longer an acceptable means of imecting water

into the core toliowing ATWS
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Thus latter one )s furthes
ormolicated by the fact that Division 3 DG cross-hie to Division 2 is very hmuted in companson to Grand Gu.
- 4

Proposed plant improvements in response to these insights are Listed below

Implemented Plant Improvements or Enhancements

The following plant improvements were made as 2 result of the IPE

Reter aon of RCIC 1solation bupass for hugh steam tunnel temperature
Ennanced process for cross-neing Lnut 1 and Lnut = banenes

X Er=anced process for ofisite power recovery 10 HPCS and alternate injection system buses

- Frraecpd perronse tnetmuichons to fioodng scenar

> Ted_sear 3 Out-onService Time 1or certun Srifda. Componenis
Plant Improvements for Which Credit Has Been Taken
lart Improvements Lnder Consideration
Fi e Toant Lmrrovements ate proceeding Athough €xact siheae 10T completion are not provided
.

Fegater tie benween Fuae Protecnon and BITCS
= Permaner.: Division 3to Division 2 guick crpss-tie

Addinonally. the following plant improvements are under consideraton

1 Passive Containment Vent Path
Automanc ADS Inrubit for ATWS.

Svstematc Maintenance Optumuzation

o

[



