ENCLOSURE

DRAFT SAFETY EVALUATION REPORT
ON
CHAPTER 19 OF
THE GENERAL ELECTRIC COMPANY'S APPLICATION
FOR CERTIFICATION OF THEIR
ADVANCED BOILING WATER REACTOR DESIGN

prepared by the
Office of Nuclear Reactor Regulation
U.S. Nuclear Regulatory Commission
September 1991

9112100195 911004
PDR  ADOCK 05000605
4 F DR



15. PROBARILISTIC RISK ASSESSMENT

LIST O mzs , ., ., .

i9.

E
:
4
£
¢
f

1.4 Raview Process | .
RISK-SIGNIFICANT ABR CESIGN FEATUIOS

LS ]

1 ABR Safety System Features
2 ABR Ruman-System Interfaces
2.2.1 Introductior .
2.2.2 Generaj Description of the AB®R Ruran-Systen

~)

» .

2.2.3 Risk Significant Contol Roos Innovations
2.3 Contrel Room Technology Innovations

“ » . . ' .

CALLULATION OF CORE DAMAGE FREQUENCY

OUE TO INTERNALLY INTTATED

* - . . . - .

3.4 Intmum
3.2 Initiat;’:x;m'mthm'........,...
3.3 Sumaa-(:ntzx'u
3.4  Accidenmt Sequence Definition ., , . .
3.5 System Mdeling . . . .
3.6 Data Analysis .

3.6,1 BRardware Reliability Data Analysis .

3.6.2 Test and Maintenance Data Analysis




3.7 HRman Reliability Amalysis
3.7.1 HRA Review Matyxaology
3.7.1.1  ABR PRAHRA Review Critaxia . . - « = » o 25
3.7.1.2 Docunmtation SOUTEE . ¢ ¢ o« v o0or v o0 30
| 3.7.2 HRAROVIOY ROBLIES « o o o o s s s s s s s s s e oes 3

3.7.2.1 AMeguacy wrd Capletaness of the
DOCUmErtation . o« « « ¢« & ¢ &« o+ ¢ 2+ s« 3

1.7.2.2 Matarial Available to Support the HRA . . . 33
: 5.%.2.3 RAuman-Systen Analyses Performed . . . . . . 33 '
3.7.2.4 Types of Human Task Ations Amalyzed . . . 33

3.7.2.5 Aeguacy of the Ruman Action Modelllrg & . 34

Quantification Methods Used to Estimate
Ruman Eryer Probabilities .« « o o o o o . 34

w
~3
»
o

Periformance Shaping Factors Evaluataed
Treatment of Advanced Technology
Ganeric Human Exror Data Sources .
Generalization from Farlier PRAS .

Sersitivity and Uncertainty Modelling

1.7.2.12 Irsights Gained [rcn the Analyses

3.7.17 KA Review Conclusione .

Quantificatics of Accident Sequence Frequencies .

3.9 Quantification of Accident Sequence Class Frequencies . . . . 37

1.10 Sumary of GE's Estimates of Core Damage M;umcy
Due to Intermally Initiated Bvects . . « « « & 38

1.10.1 Initiating Events and Principal Contributors . . . . 38

3.10.2 Accidernt Sequences . .

»

(sarvatidrs .

Cocnclusion .



15.4

Wmammmamwmmmm
m'.l..'.'.'....... . *® 8 & e+ 8 & + s

4.1 Introduction and Review of the Scope of Bxtersal

4.3.1 Introduction and OVEIVIEW . . . . 4 . . . 4.4 ..
4.3.1,1  ABR FRA Approsch and Assumptiors . . .
4.3.1.2 mnmmwamm

. L - - - - . . . L . . .

3,13 Overview of ABWR PA Results . . . . . . .
43,14 Review Approach . . . .. ... ..., .
4.3.2.1 ABR PRAHAZATE . . . 404 v v 0w ow e wa
4.3.2.2 Hazard Review Approach . . . . . . . . . . .
4.3.2.3 Evaluation of ABNR PRA Hazard ., . . . . ..

4700 Fragility Amalysis . « ¢ ¢ v v 4 v 0 v v v 0 e v e e
4.3.3.1 ABRADIOMDR ¢ v ¢ 4 4 o 0 0 5 0 v e e
4.3.3.2 Revievand BPvaluation . ., . .. ... ...
4.3.3.3 Sumary Evaluation of Fragilities . . . . .

4.3.4 Svstem MOABIATE © ¢ 4 4 v v b e e ke ke
4.3.4.1 Seismic M'sult Threes . . . .., .. .....
4.3.4.2 Seismic®vent Trees . . . . . . ... ...
4.3.4.3 Suwary Bvaluation of System Modelirg . . .

4.3.5 Accident Sequenca Definitdan . . . . . . . ... ...

4.3.6 Quantification of Accident Class Freguencies
"ﬂ mm m‘_ . . - . . - - . - - - * 8 & 2 s » a

4.3.6.1 TReassessment of the AR Seismic Core
Damage Frequency - System Modeling Tssues

19-444



19.5
15.6

4.4

4.2,6,2 Msan OF for Three fSeisotad Sites lbi.rq

LINL car EPRI Razasd Caovves & . o

4.3.7 Uncare: oty and Sersitivicy Are.yees . . . « . .« « .
":.’01 mm mm . . . . . . . . . . .

CJ.'-’.I “’Uiuﬂwm R T R N

4.3.7.2.1 Specific and Germric Fragilities

4.3.7,2.2 Ntarmative Mragilities . . . . .

4.3.8 Sumary of Results, Interface Reqguiremerts, and

mm . . . . . . . - Ll . . . - . - - . . . . .

4.3.8,] Sumary of Resullts . . . « « ¢« 4 o4 oo o4 s

4.3.8.2 Suismic Review Coclusiorns . . . . . . . . .

Interface Requirements for Other Extarmal Bverts . . ., ., .

INTROCUCTION TO THE "EVFY. “/LEVEL I REVIEW . & « v « o ¢ o o o

m m A . - . . . . . - . L . . Al . . . . . . - .
M . . . . . - . . L - - - - . - - . L - . . - - -

6.1
6.2

6.3
6.4

‘.2.1 a mm - - - . . . . - » . - . - . . . . . .

6.:.2 m w . . . . - - - . - . . . . - . . . - . .
M of m m - . . . . L . . - " . - - - - . .

mm”.....l‘..‘......‘.O..I..i

6.4.1 Presentatic ~* CET Results from the GE FRA
“mmtm.'......l.'..‘..

6.4.2 Discussion of the CET Resu'ts . . . . . . ., . . ..
6.4.2.1 DxywellNetwall Bypass . . . . . . . ...

6.4.2.2 Overpresste Frotaction Systss (OPS) . . .

6.4.2.3 Pasive Flooder Systam . . . . . . . . . ..
6.4.2.4 lower Drywell Caposition . . . . . . . . ..

15=-iv

n
73
73
73

74

74

3

7

2 2 8 8 27

100
102
104

EE §



15.9

6.4.2.5 Comtairment Structural Integrity

‘Is mm . - - . . . . . . . . . . . . - . . .

SOURCE TERM NALYSIS . . . . v vyt v v o v n s
7.1 IErodactdon « o v v v i v e e e e e e
7.:mmm...............
7.2 @Aalysis L L. L L L. ...
7.2.2 Staff Review . . . . .. .00 . v h ..

73Motm

7.4 mmmu

7.4.1 Mnmofmmmnm-mam

“mw!l.m'DQOQOCDQOOOO
7.4.2 Discussion of the Sowrce Terms . . g Suda-d

7.4.2.1 Release Fracsiors . . . . . . . .

7.4.2.2 Accident Prrgression Tinings
7.‘.3 m mm - . . . . . . L] . - . - -

7.5 mmm - - - . . . . - . . . - . - - . . - -

CONSEQUENCE ANALYSIS & & & v 4 4 4 v v v s v o v v
'.lm{m‘.l..l.‘l...'....‘

‘.2 m Di“im . - . . - -~ - - . . - bl - . - . -

8:23.3 EMEBIYEL. ¢ ¢ ¢ vv v 00t e s e
8.2.2 Staff Review . . . . . . . . v v v v
8.3 Staff Assessment R B O R S e P
8.4 CONCIUBIONE .« + ¢ ¢ ¢ 4 0 v b bbb e e
mmmmm..

L .
. .
. . . .
. . .
. .
. - . .
. - . L .



9.2.2 STALL ROVIBW . « « + ¢« ¢ 4 v v 0 4 v s s 0 0 0 s e . 188

9.0 Asossmmet Of MOthodE . . . « v 4 v 4 4 v v e e e s e e s ow s 1SS
9.4 Presatation and Discussion of the Risk Results . . . . . . . 18
9.8 COMBIUBIONS + . + ¢ ¢ s o s 6 0 s 0 s s e s e s s e 178
9, J0CPEN ITTEME . ¢ « ¢ o ¢ ¢ o s o o o o 0 0 8 0008 o080 s a9 180
19,00 CONCIIUSIONS . « « ¢ « 4 4 « o ¢ o o ¢ 0 & s 8 2 s s s ¢ 8 ¢+ 8 s+ 190
1912 REFERENCES . & o ¢ o ¢ ¢ ¢ ¢ ¢ ¢ 2 ¢ 0 8 88 s 60 0esessase 19
DERE ¢ 2 s s s s 20 s s s s s s s s asnasssscsassnsasnse I

19=-vi



Table 19.3-1

Table 19.3-2

Table 19.3-3

Table 15.34

Table 19.3-5

Table 19.4-1

Table 19.4~2

Table 19.4-3
Table 19.4-4

Table 19.4-5

Table 19.4.6

Table 19.4~7

Table 1°.4-8
Table 19.4-%

Table 19.4-10

Table 19.4-11

LIST OF TARLES

Amummmmmmumm

. - . . . . . .- . . . . . . . L . . . . . - . . . . ‘2

Al—:yctﬂ'nmimotwmmtwvm
Acidert Seguerces

. - . . > - . . . . - . . L . . . - . . ‘J

AMdmttmrimmmC'sm
Unavallability Estimates . . . . s e s duevae e &

Am«amummm'ammm
Dominant Sequence Frequency Estimates T T S S |

A&mdmuwmimothnurmmdm
mmmwmmm s v s e s . 48

m«umwmmmwc.z.m
and Fragility Data (ABWR FRA Best Estimate Values Ve, Staff-

Sponsored Mean VAlues) . . . . . . .. 0404040 . . L. .« 80

AR Seismic Fragility Swmary . . . . . . . . ... ... 8l
Altarnative Fragility Values for Selectad Components . . . 82

nmunmmuxu-udmommmmm
mm(mwxmy i 4 oo B

mmuuqhmmmm-aa—ryotmm
MWNQN(MM)QM@-M
(Seismic Events) Requantifications . . . . . ..., . .. [

mammmm
Ordering for Different Seismic Hazard Quves . . . , . . . 8%

ommmm-uwmm
Frequencies Based on Calculations Using Mesn
LINL Seismic Hazard ~ Qu . for Pllgrim Bite . . . . ... 86

mmwr&mm............"

Arrraal Core Damage Sequence Fraguencies Calculated using LINL
Seismic Razard Quves for the Pllgrim Site . , . . ces s B8

Corparison of Core Damage Frequency for

Different Sequences using (A, 8., 8) and (A,

A.) with Full Set of LINL Se ¢ Razaxd Qurves

for PligrimSite . . . . . . . .. .. 0 89

Accident Class Frequencies for Different Sites with Modified

!muiti-(um&ummw-’,............ 90

19-vii



Table 19.4-12

Table 19.6~1

Table 15.6~2

Tabls 19.7-1

Table 19.7-2

Table 15.7-3
Table 19.9~1

Table 19.9-2
Table 15.9-3

Table 19.9

Table 19.9-5
Table 15.9-6

Table 19.10-1
Teble 19.10-2
Table 19.10-3
Table 15.10-+4

MMMMMG\M(MM)
BE-BNL (Seismuic Pvants) Unoertainty Analyses . . . « 9

Wummumnc-xw

”b:l - . L . . . . . . . . . . . . . . . . . . 1”
Te Staff's Venting Outocoe Freguencies for Intermal and
mm. . . . . . - . . . L . . . . . . . . L . . no

of the Accident Progression Source Terms in Teruws
of the Core Damage Fractions of Table 19.6~1 (in
Section 19.6.4.1) and Figures 15.6~1 and 19.6~2. . . . 136

Cesium and Iodire Release Mractions, as Estimated by the Staff

ad GE for the Staff's Accident Progression BUs. . . . . 40
Tining of Key Everts in an Accident Progression. . . . . . 142
GE's Foint Estimates and the Staff's Mesn

Estimates of the Intarmal ard Seisaic Everts

Mo L I I D D D DR DN DR DS DR DR D D DR DR DN D D D D R DR D T u’
Staff Point Estimate of Rigk from & smic Bverts . . . . . 162
Staff Estimates of Uncertainty in the Risk Measurss for
mm QN S SEEE R NN AR BgE B IR BN SR O BE SR W B SEE SR N I S l‘s
Staff Estimates of the Uncartainty in the Risk Measures for
Seismic BEvents, for the Pllgrin Sits, muqtr-mn.m
m.ﬁ....-..‘.'.OO.!Q.CCQ.O. . 1‘7
Description of the Risk Results. . . + ¢« ¢ v ¢ ¢ ¢ ¢ v+« 1IN

Staff Estimates of Contairmert Pailure Probability and
Conditional Contaimment Failure Probability Showing the Effect
Sywtem.

of the Overpressure Protaction s s s s ese00as s A7

19-viii



»

.

INTROCUCTION

1.1 Backgroad

2o part of the ABR Final Design Approval (FDA) application, veneral
Electric has parformed a Provabilistic Risk Assessmartt (FRA) in resporse
to the Camission's Folicy Statenwt on Severs Reactor Accidents
Regarding Future Designs and Bxisting Planis datad August 8, 1991 ad
m:nummmuu.um-mwmmmrm
staff's review.

PRA and {ts evaluation can be used to make deterministic judgmerts of
the safety of the proposed design.

1.2 Licersing Review Bases

The licensing review bases for the ABR design were docurented in &
letter dated August 7, 1987, from T. E. Murley of U.S. NRC to R. Artiga
of General Electric Company (GE), "Advanced Boiling Water Reactor
Licerning Review Bases® (Reference 19.1). A smumary of these review
bases i as folliows:

A. The licensinj review bases include applir ble portions of the
ralance of plant (BOP) ard an erveloping site for the
ABWR design. GE, as part of the SAR and FRA submittals, is
@pected to provide documantation relatad to the intarface
requirements of varicus BOP featizwes, including the characteris-
tics of site arvelope parametars. As part of the ABWR FDA
w.mmuwmm-umm.twmmm
respact to risk significance) as to whether the proposed plant-
opecific design paramet s and site-specific envelope parameters
mﬁmummwmnu-wuq.
requirements, as applicable.

B. Because GE is expectad to provide its FPRA submittals {n the form
of magnetic media (in addition to the hard copies), the staff's
review of GE's risk submittals will be documented in the form of
magretic media alsoc.

C. As part of the ABR FTA review, GE {s required to provide adequate
resolutions to a list of wwesolved cpen {tems and/or issues (such



a8 umodeled severe accident phencoenclogical issues spplicable to
the AR design) vith respect to safety goals, if any, for the
stall’s review. The staff will review them vith respect to thair
risk significance in the context of safety goals.

D. GE is required to submit, in addition to the level 3 FRA
suimittal, bounding risk aralyses of extarmal events (including
-mtcm.tu- intarral floods ard tormados) . The staff
will review thes with respect to the overall risk significance of
spplicable sxtarnal events, including seismic events, in the
context of safety grals.

E. GE's »ethod to caloculate the contaimment response and the sooce
tarm estimatas will be based on the IDOCR-developed Modular

Progreec
Reseasch Institute (EFRT) in its Advanced Light Water Reactor
(ALWR) Fequirements Documertt. The AUNR design goals cover core
damage prevention, contaimment performance, and
mitigation concepts (discussed in detail in the owing
sections). The staff’s review will evaluate the AR design

G. The ABWR A will be applicable to all ABNR plants to be buil

submit a separata FRA for the staff’s review. However, the
11mo£mﬂplmmndnh1tlm1mtoﬂnw
AR FRA within 2 years after an ABR plant is licersed.

amwmtonw,wmmw-mo.md-mw
documentad in the Electric Powaer Research Insti , "Advanced Light
hwmwmx,-awmw for the AR
design (Reference 19.2). The staff’s r—oluumofmqpuabuiti-
otttmd.immplx—mudmmim'owim‘m
deviations of the ABR design requirsmarts from those documented in
Reference 19.2, are documentad in the U.8. Nuclear

Commission, "Resolution Process for Severe Accident Tesues on

19-2



Svolutionacy Light Water Reactors,® Commission Paper SECY-89-311, dated
Decemper 15, 1589 (Refererce 19.3). The s*aff's review of the ABR PRA
has followed these guidelines, a8 applicable. The staff has aleo
meum.mwmmmm
astlined in the U.5. Nuclear Regulator Commission, "Evolutionary Light
Watar Reactor (UWR) Omrtification Issues anc tiseis Relationship to
Qurent Regulatory Requiremerts,” Conmission Papoar SECY-90-016, datad
Jaruary 12, 1990, to gain insights into the acceptability of the ABNR
design (Reference 18.4),

1.3 Review ijectives

The overall cbjective of this project is to assess the

the risk estimates dcomerted in the PRA and other risk relatad
mmamm“mdmmlmliaumm. In addition
tothummchcuw.tmnmmlammrycbjwuv-:

1. mmmm1mozm-mxmmmm
amnjwm(twmmmmmm
wents) , Mityrmuummormw
featres, and identify major comtriastions to the uncartainty in
the core damage frequercy.

2. mmmw-uammmmm
failure probabilities for early au lats failure modes, idertity
failure machanisms for various potenmtial failure modes consistant
with staff develops core melt phencmenclogical knowledow, and
provide design-speciiic risk results along with uncartainty
estimates.

3. mmmmmmuwxmwmim'-ut«yw
wm-mmmmmnmw-mwmm
EFRI ALWR Requirements Documert.

4. mmmm‘wmwmmm1m-umm
ﬁmrmummammmw;m
wuugumtammmommmm.

1.4 Feview Proomss

GE initially submitted on Jaruary 27, mn,mmuncmmpuruot
the ABWR Safety Analysis Report,® Docket 50-605, the risk analyses of
the ABRR design (Refarence 19.5). The staff, with the help of
Brocikhaven National Laboratory (BNL) and Sandia National

(SNL), ccrpletad a preliminary review of Avendment 4 of the AIMR FRA.
As part of this review, a letter dated November 28, 1989 8.
Scaletti, NRC, to P. W. Marriott, General Flectric Company, "Request for
Additional Information (RAI) regarding the General Flectric Carpany
Application for Certification of the ABMR Design® (Refererce 19.6); axd
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1988,
Standard Plant Design-
findings in the above
76F, "A Review of the
(Reference 19.2)).

Detailed technical
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19.2 RISK-SI_NIFICANT ABWR DESIGN FEALURES
2.1 ABSR Safety System Peatured

The following are the fromtline and sygpcot systems that have been
oplicitly modeled in the ABR FRA by GE. During the course of
review, the staff foord that, coonared with earlier
safety systass have bstantial design modifications which comtrilaute to
reductions in systen wavailabilities and thereby a reduction in the
core damage frequency for the ABWR desion, compared to these earlier
designs. Detailed deterministic reviews of these wystems, and firdings
reqarding their acceptability, can be foud in Chapters 3 thxough 10 of
this document. The following are some majar highlights:

1.

5

The reactor protaction systam (RPS) refers to the ovarall complex
of irstrument chamnels, trip logics and signals, manual controls
and txip actuators that are involved in generating & resctor trip
(or scram) to bring the reactor subcritical. The RPFS of the ABR
which has four-division redudancy, is designed in such a way that

fallure of any single elemant will not hinder the actuation of
a required trip. Although GE has significantly improved the RFS
design campared to all warlier designe, GE did rot make an attempt
to quantify the RPS unavailability following a trarsient or a

-

¢

1

fa‘
:
g
g
i
i
g
:
o
E

devices, whereas the ABWR design
miltiplexc and fiber optics. Other design features such as the
cormtryol roam layout, cperator intarface, recirculation pump trip,
and data transmission are also different. These design dis-
similarities result In PRAs with fundamentally different failure
mechanisns and common mode considerations.

The study for Clinton indicated that the unavailability of the RFS
is essentially dominated by camon cause failures of the
divisicnal multiplexcrs ard the system logic. GF assumed that
similar failures will dominate the ABWR RPS unavailability., The
staff noted that this unavailability estimate is significantly
lower than the estimate documented in the results of the staff's
analysis dated April 1978, "Anmticipatad Transients without Scram
for Light Water Reactors," NUREG~0460 (Reference 19.21). The

]
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B

2.

The cantanl rod drive system (CWE) of the ABNR des . differs
significantly from that of GESSAR-II, 238 Muclear i: «d, BR/6
Standard Plant Probabilistic Risk Assessment, 22A7007, dated March

and electrical cormtiols etc. The hydrsulic power required for
scram is provide. by high~pressire watar stored in the ircividual
hydraulic contrel units (BU). A single KU containe a nitroge:s
watar accumulator charged to a high pressuwre and the

valves and camponents to power the scaam action of two FMCRDS.
Rod insertion can be altarnatively achieved by driving all the
rods in simultanecusly with the PMORD electric motors. The AR
GRS can be used, in conjunction with the rod control and infor-
mation system (ROAIS) and the reactos protection system (RPS), to
perfarm a number of important reactivity control functions. For
earple, upon receiving manual or sutcmatic signals from the RPs,
it can provide rapid control rod inserticn (scram). Ancther
function provided by the CRDS is altarmate rod insortion (ARI), an
altarmate means of actuating motor-driven rod insertion in the
evant of electrical failures following a failure-to-ecram event.
The PMCRD mechanism used in the ABWR CRDS possesses several
meritoricus features which enhance both the reliability of the
scram systam and plant maneuverability. Scme of these features
are highlighted balow:

1. The FMCRD permits irsertion either hydraul {cally or
electrically. Upon receiving a scram signal, the FMCRD is
WW\‘-.iwlywmwmmmmm
water accumilat.rs of the hydraulic control units. At the
sane time, a signal is alsc sent to insert the FPMCRD
electrically via its motor drive. This erhanced design
fezture increases the diversity of the scram wystam.

2. The MMCRD does not amploy & scram discharge volums (SOWV) .

This erhanced demign feature eliminates certain cummor -mode
failures (applicable to other BWR desigrs) and the SOV 1OCA.

i9=7



3.

4.

The SIC isa meare to shut down the reactor to
subcritical conditions by imjecting sciium pantaborate solution
into the reactar. This conaiets of two 100 paromnt
capacity trains, each cartaining & positive displacemert pump
(with & flow rate of %0 ‘ by the
cperator if it is that the reactor has not sucoessfully
scyammed following an anticijeted trasient or & amall 10CA event

Beactar Core Isolation Cooling (RCIC) Switen
The RCIC systa in the ABR design is & system designed to provide
coolant to the reactor when the reactor is at high pressure

and historical cperating data. It is about 0.04 per demand
(without room cooling )

(Table 19.3-3, page 19~44). The system unavailability is
dominated by: (A) mechani faliure of the pump~turbine, (b)
unavailability due to maintanance, and (C) pump failures.



mechanical and physical separation charactaristics of the twe
train HIKCF systaa.

E has quantified the HFCT system unavailability using fault trees
ard historical opersting data, as applicable. It is about 2 E-3
per damand for transierts, 3 E-) par demand for LOCA everts, ard
S E-) for losu of AC power everts (Table 19.3+3, page 19-44).

Beactar Decressurization Functisn

In the event of the failure of all high pressure coolant Al
m,mmmuwmwamm-
pressure guch that. one of the thres trains of the RHR systam

the condersate trarsfer systen gr the AC-indeperdent firewuter
systan onuld provide low pressure coolant makeup to Wae reactor,

The papose of the Astamt!c Depressurizatior, Systam (ADS) is to
depreassurize the reactor pressure vessel to allow use of the RMR
Systam (in the core flooding mode) for reactar wveter pakeup in the
event that the RCIT system and the HFCF system fail to provide
coclant makep to e reactor, The ALS of the ABWR design is
sinilar to that of the GESSAR-II design (Reference 19.22).

G has quantified the RHR system unavailability using fault trees
ard historical operating data, as applicable. For low Pressure
Flooder (ILPFL) mode followed by a successful scram evart, it is
about § E-5 per demand. For suppression pool ool ing mode
followad by a successful scram everr:, it is about 5 F-d¢ per demand

19-§




e to a tvrp

The three-train systen unavailability is
(A) miscalibration failures of the flow trarsit-
tars, and (b) cavitation fallurvs of the RHR pugps

in suction pressure.

ml. ”0’-’) .
domiratad by:

8.

an

ing bat
wvill increase snd
ty of dama
ing core damags., The OFS
halp relieve contairment presmue in a controlled mammer and

, allowing the
for contairsmant-fallure-induced failure of

systems

the core croling systems and caus
the

For those accident sequances with sucoessful core ocol
uravailable FHR system, the oo
eventually fail the contairment

™Te
In the svent of~
The ABR gas

™he su.ff believes that this additional

AC power sauvce will significantly redua the contribution of sta-

ing

cool
ABR design consists of a thres train electrical systes to

fsite power soauxrces are lost, the an-sits emergency power sourves,
corprised of three emergency diesel generators and four IX
battaries, are designed to fulfil the power reguiremarts of the

safety-related systans to achieve cold shutdown.
tion blackout events to the core daroage frequency and the likelinh-

turbine gensrator will have a blark-start capability darirg » pos-
ood of early contairment fallures.

ABR design will be designad to take offsite AC power from a mini-

provide power sgply to onsits in-plant electrical loads.
mm of two indeperdent offsite power scuroes.

tulated station blackout.

LEEY

The

e staff

When U subsequently

generator to the ABR desicr, it was lnoox~
linked wvith the fromtline

in the staff review quantification.
ault trees have

ine
tad into the PRA model in an optimistic marmwr.

service vater system carponents, and 6,0V huses

MC0s for
the impact of failures of oreita emergersy scurces, and

4

, 128 DC buses, associated 480V motor cortrol centers
preferred offsits power sources).
gas turd

:
5735

ik
AL EFER

cped fault trees to quantify the failure provakilitiss of
uses
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10.

2.2

st fault trees, cawtructad far variows othar safety systems,
in the evaluation of their wavailabilitias.

Service Watux Sywtew

The ABR renctor building conling water (ROW) system, which con-
sists of three indeperdent divis o 48 desiged to rescve

. provide @ description of the Advanced Boil Watar Reactow
(AER) mmolmwmnig\uimhu:mwuw
faces (HSIs),

o {dutify the new and convertional hran-system interface
ta wwlogies with potentia’ risk significance, ard

. MrthﬂaMHMc(mduiqnwhn(ar
will) managed the risk,

Tha reader is refarred to Section 19.3.7 of this Chapter, "Human

Reliability Analysis, ™ and the previcus Chaptar 18, "HMuman Factors

£rginsering® for additiomal Information related to ABKR human-
system intarfaces and potantial risk related to those itarfaces.

i%~11



2.2.2 Genmral Description of the ABR Human-Systso
Intarfacas

(SSAR) Jraptar 18 (Referwnce 19.24). It should be notad that the
deaign of the RSIs is not comple.s. RAather design development

ard tasting may result in changue to the an provided
m’.

Ore of the most significart human facturs differences in the

design of the AR when ocompaied with “traditional® Bolling Water

m(u>mmumu?ummmm
A

an oparations standpoint, are a centralized command and control

panel displays (e.g., electyvluminescant technology), touch screen
irput devices, data display location flexibility (e.g., capability
of locats displays on different cathcde ray tubes (CRTs), ard a
variety of dedicatad controls. Touch panels may be used for the
contrel of non-safety systam corponents such as valves, pump
notors, ete., as well ar othar functions. Net all controls will
be accamplisba? via computer input devices, however., For example,
mary safety eystan functlons (such as Standy Liquid Control (SLO)
injection, Emergency Core Cooling Systes (BCCS) initiation/reset,
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manual scram, tubine trip, and MSIV controls) will be cortrolled
vith hardwired switches.

mm«mmmnwmmmuwlw
mmwa-um,ww,uw
alarms. This is information that will be available to the ertire

datected. Itndnnqoinaurctylymumum, the PGS
notifiss the operator and the change is made marually, When
appropriate, the PGCS autamatically disengages {ts autcratic mode
of cperation., Therefore, any required changes in the cper»tional
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2.2.) Risk Significant Control Rooe Inmovetions

mmmummmmﬁmm—m featurws which
have prantial risk significance. ABR opers ¢ lonal philoscphy
ad methods of cperator intarface are quite diffu ot from more
“ronventional® U.5. BiRs and erploy approactes for which the U.S.
] eax ;

mmmwmmmtmmuamu
vith mspect to risk implications. This is not meant

wMyMﬁanWhmhw\dmmrm:

howeves, evalusting the risk is more difficult and uncertain.

A preliminary identification of the aspects of the AL . design
Mmmmnymuwtmumm.

and design., Yet, he linkage of this goal to overall safety
and reliability of cperators was not provided, Nor was the
desirability of this approach adequately sypportad by analysi-
8, tests, and evaluations. It {s welear, for le, why
the hith level goals of sarde, efficient, and reliable Cperator
parformance are fostered py single cperator contrel. RAI
Question 620,20, dated Decexrber 17, 1990, (Reference 19.26)
addressed the {mportance of single cperator contiol and its
raticnale. GE's resporse to the Qwstion offared three
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POUTS!  aliniration of coomruication errors, elimiration of
coordirating activities acrome opmrators, ardd the low wor Xl oad
dovals resulting froe Ucreased sutcmetion (L s, there will
POt be enough weok et the maln corwole for o oparators)
With ree act to the (lrst two points, while commmication and
Wummmmwm«mnmm,
comunication ad cocrdinetion also yrovide an importatt check
on the comtrol process and check on the performance of the
other cparators. The ret affect on reliability of the
Gravtacks and berefits of communication/coordinetion would
have to be Unvestigated. Also, the shift from normal to
mrgency opersticrs may be problematic vith only one
Gparatar. Undar emargoncy corditions, the operstor will
receive additional assistarce. Precisaly what this assistarce
vill cormsist of and how the tasks will be allocated wt
coordinated betwesn cperstors is unclear. The secord Cperetor
vill be "oming in cold” and will have vary poor situstion
Sarenens; thus, the coomunicatiory/ocordinmation b den on the
First operato: may be excessive at A time when workload is
already high (the emergercy corditim). The secord cparator's
effectivencss may be ]imited for an exterded pariod of time.

Considering the several reported {retarces of oparstors in
U.S, nuclear plamts not being alet and attantive to their
Guties, thereby potentially compromising plant safety, it is
the staff's cpinion that an Appropriats amalysis shauld be
provided to justif; how e cperston, the senior reactor
Cparator (SR0), st the main corsole will remain attantive to
his duties. In addition, the RAI 620.20 Response

(Reference 19.26) about one-persct operaticone Auring normal
conditions does not mention that operator corvunication
betueen several linnsad cperstors monitoring plamt corditions
has histarically provided a system of "checks and balarces” to
campensats for Lnactivity during extended pericds of
morutoring without any required oot ol.

In esserce, the net effect on Operator and sywtan reliability
neads to be evaluatad for normal cparations and for the shift
from normal to emergency operstions. Howver, the dooumenta-
tion in the SSAR does not provide this information,

With respect to the third point, cperator vorkload, GE
indicatad that ABR workload analyses indicate that "“because
the high degres of plant autaration which is available durirg
normal cperations reduces the cperutor workload to a leval
easily sustained by a single oparstor but one which ey
provide a lower level of stimilus {f divided _etween tuo
operatars® thus affecting alertness, etc. The staff agrees
with cornoerms over low workload levels. However, without
doecumentation of the citad studies, weo do Nt Joow (f the
corcmrn is warrantad in the ABR. How was workload defined in
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e citad stuclies? Woa the Cooritlyn worklosad associsted with
myvtan monitoring evaluatad? The studies of worklosd
presantad in the Japan briefings defined workload in tarss of
the nuber of tasks parformed par unit of time., This approsch
is typically Lreersitive to the cognitive woriload associsted
wvith mpervisary control tasks and nondtoring activities.
Long-tars wystem sonitoring is diffiocult for cperstors, s
pechape laving two oparstors would be preferable to oe in
meh & situation. Fur esch operator, monitoring duties could
be shared vith othar mcew sctively-orieted tasks to schieve
scoeptable wvorkluad levels for hSoth operetors, thus resovirg
the heavy monitoring burden from a single cperator. This
issus also relates to the first twe points in that higher
workload perhaps ncreased by communicatiors and coordimation
Right provide sogre stimulation for the operators and & ™
reliable control room.

Awo, the woriload argunent s scmevhat circular. A single
oparator control sapproach leads to Lcreased sutamtion so awe
Ooparator can parfors all needed tasks, Then, when a secord
oparatar is corsidered, it is rwjectad by Udicating that due
to extansive autamation, thare is only encugh work at the main
console for one cperator. The more agpropriate guestion to

address is wvhat level of staflfing, sutosetimn, and allocation
of function will meet the goals of safe ard relisble
parformance of the opsrating crev and the overall systam.

High Deqree of Anoametion: ™ increases in sutomation
(sutamation of tasks Tuwmditionally pexrformed by an operator)
am-nm-aa-cmmummm;.wnnuu in a shift of
the cperator's function in the system from a direct sanua)
contyoller to a spearvisory camtroller ard systes mondtor
(largaly removed from direct comtrol). The shift in & hman
vparator's role avay froa direct control is typically viewed
as positive from a reliabiiity standpoint since the human
cparator is corsidered ore of the more urprwdictable
componats Lo the eystes. Tt is gererally presunmed that
sutomation will erhance overall system reliability by removing
or reducirg tho nead for mman action, The cperstor's
perforsancs in ly-t- is believed to be fmproved by
freeing hiz from tasks which are routine, tedious, phywically
devarding, or diffioult. Thus, the operstor can lottar
mu on suparvising the overall parformance and safety
of the systam. HRowever, rather than removing error, sxch s
change has freguently bam associated with a shift of Mean
arror to highar levwls in the system vhich are more difficult
to detact and quantifty, For example, evaluations of irncreased
autcmation in civilian aviation has led to the ‘dentification
of several new cilagories of error that were introduced. The
ptantial for "nev® types of errors that can coour in an

a. red systen shauld be reflectad (n the risk analysis.
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3.

4.

Mmormwu&wmu
presented on hardvare aspects of ¢ 0.9., use of
Os, hardvare switches, arnd cormols ! however, the

cperations and moie than cne during off-ncrmal conditions.
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vervies Sumary Distlays -~ Since anly seven OF0s vill be used
&t the cormole to provide plant status informetion, smmary or
overview displeys will have to be used (in contrast to

individual {rdicators on corventional boards). The sucoess of
thess displays to present hisrarchical status informetion will

fxpact the cperator's ability to maintain adeguate situation
N e

. BOft Switcher - The primary mears of control will be through
\ the use of software genersted controls (soft cortrols)
presentad on the CRTs and flat panals and activated through
touch screen Lrput., The lmpact of this mode of cortrol on
Opmrator performance will have to be evalustad,

' Somutar-Beased Alns ~ While soom alarms vill be presented on
th vide pamal in ¢ corventional tile format, the predominant
display’ of alarms will be on CRI. The methods by which alarms
are presentad (e.g., lists or graphic tiles) and a4 way in
which the cparators intarsct with the computar-generstad
mloums mey aff-ct safety. The lmpact of alarm suppression
tachnology on safety will also require evaluation,

aroe Wide-Scree) Display - T™he large overview displays
represent an nnovative tacdinology now to the U.5. nuclear
industry. The allocation of display infoarmation to the vide-
screen display versus the corsole (RTw and the way in which

the vide-screen displays are formatted may impact safety and
will have to be validatad.

There may be further design potentially safety-significant
irmovatione as te control room design prooeeds to final
fmpl emartation,

2.3 Control Recm Technology Innovetions
The introduction of advanced ard invovative tectrologies into the

control room may be accoeplished at various points in the design
process, includimm:

Thorough well-doozantad, top-down system analysis assuring
appropriate allocation of function to system and operator control.

Technology assessnants and {tarative design testing to evaluate
cperator and systen parformancs.

‘ Use of human factors engineering guidelines and stardards to
assure that the design cnforms to carently accepted human
engineering principles.

‘ Bxplicit design cbjectives for developing error resistant and
arror tolerant design.
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Varificstion and validation (VEV) testing of the firal design i
"full-aission” sosmarics.

Pasad upon the informetio provided in SSAR Chapter 18 "Huan Pactors
Egirserirg® describing tha conmtrol rocs design, it is difficult to
detarmine the extent to which these risk maragemert olemerts are being
adiressed. The design r- .. ws s discussed in detall, but no results of
systan analyses, taching oV & “essser* <, trade studies, tests andd
evaluations, etc., are guvide. . omr, since the deaign is at the
stage of requirements a\ly ‘vd ' cimal design), no chack on the fina)
design is poesible.

™e anly aspect of the risk mo agamutt activities elabo.stad in SR
Chaptar 18 (Refererce 19.24; sre those associated with the reccomended
VEV approach in Section 18.5. However, ViV activities related to the
ABR control room are identified as the appl'cant's resporsibility.
They are centared on basically three relatad sets of activities. First,
the design is evalustad with respect to the general design criteria of
10 OR Part 50 = Mperdix A (Reference 19.27) and the NRC requirements
and guidelines as reflectad in U.S. Nuclear Regulatory Camission,
"Stardard Review Plan," NURESs-0800, Washington, DOC, Revision 1, 1984
(Reference 19.28), U.S5. ¥ lear Reculatory Camission, “Cuidelines for
Control Room Design Reviews, " NUREL~0700, Washington, DC, 1981
(Reference 19.29), and U.5. Nuclear Regulatory Comission, “Clarific-
ation of ™I Action Plan Requirements,® NUREG-0737, Supplemert 1,
Weshirgton, DC, 1980 (Reference 19.30).

Second, systam/cperstions analyses are parformed for normal and
enargency situatiors. The cbjective is to evaluate plant cperation with
& specified crew size and spacific cortrol room design including
interface design, procedures, etc. The validation activities are to be
performed on a functional prototype or simulator, or by walkthrough
wvhere appropriate. The acoeptance criter’a are scmewhat vague bt
adress reasonable high-level performance dimersiors.

The third asp* . to evaluation is a human reliability analysis (HRA)
requiremant. For each "primary cperation action” modeled in the FRA,
specific reference to the action (1) will be clearly identified in the
EOP, (2) the associated controls and displays will be evaluated by an
indeperdent control roce design review tean to be free from any
significant Auman Factors Engineering (WE) discrepancies, ard (3) the
HEPs assumed in the PRA will be evaluated as to thei. reascnableness by
an independent HRA review taau. Primary cperator actions are those
egectad to ninimize the adverse corseguances of an event rodeled {n the
FRA. While (3) above should not {mpact the human engineering design,
ard (2) should be done for all interfaces, it is a good practioe to pay
spacial attantion to significant nmuman actiors, (A similar analysis is
postulated for other human actions modeled {n the FRA.)







9.3

CALLULATION OF CCRE DWVOGE FROOUENCY TLUE TO INTERNALLY INITIATED EVENTS
3.1 Introduction

Intarmally ir « sted evants are those wvhich ariginate vithin the plant
itsalf, a8 opcend to sarthguakes and other events generally corside e
"octarmal .*  Intarmally initisted events include trarmsients and LOCAs.
In addition, loss of offsite power events are corsidered internal everts
for FRA pupcses. Acciderts initisted durirg full power oparation were
included in the submittal and this review.

3.2 Initiating Event Freguency

@'s amalyses of varicus initiating events, ircluding wplarned manua)l
shutdowns, are provided in Appendix 19D, of the FRA. The 0
estinates of the various initiating events are provided in Table 19.3«1

of this report, along with the staff's cooments. The detailed findings
are as follows:

1. The frequercy of manual shwtdowrs (plammed and uplarrmed) {s based
an *Ne results of the aralyses doomentad in NUREG, (R-3862
Geveloped by the Jdahe Katiomal Engireering lLaboratory (INEL, .
The staff notad that this frequency (one manual shutdown event per
reactar-year) is based on cperating reactor experience (through
calendar year 1985) in the U.5. However, the new GE ABR design
villhmnmmﬂmryinufcty-ynmudnymm
Operating characteristics (vith respect to {mprovemests in
calibration and maintenance procedures affecting human reliability
issues) than existing BR plamts. Thus, it is possible that the
actual eperience for the ABNR will be scoewtat better than that
estimatad in the FRA. The staff finds GE's estimete to be
appropriate at this design stage.

GE's estirats for the frequancy of vessal {solation (including
ioss of feadwater s yts) is about 0.2 per reactor-year, based on
the EFRI ALKR requiraments document (Refarence 19.2). This
estimats included contributions due to MSIV clomure events, losses
of condernser vaonm, and pressuue regulator fallure everts. e
frequency of vessel non-isolation everts (i.e., & reactor rip
vith bypess valves available) is about 0.68 per reactor-year., GE
claims that these frequency estimates are corsistent with the
predictad scram frequency and correspording desig, requirenents
documentad in the EFRI ALMR DocumesTt

(Reference 15.2). The staff notad that oo rent Oparating reactor
experience indicates a value close to sbout 2.4 per reactar-year.
GE has provided neither highlights of the AR design {mprovements
in the balance of plant (BOP) systams nor applicable references to
such BOF lrprovements in the ABR FRA to support the estimate of
only ane reactor trip per year, vhich is lower than currest
@perience in the U.S. Tha staff also noted that, due to lack of
design details at this stage, the staff has used one event par
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reluding it in the unoertainty analysis, as wportad in Section @
of Rafarwow 19.20 (see Table 19.3-1). This is an Urtarface
reculreset

GE's swtimtes for various postulsted 1OCA events are Also showr
in Table 19.3~1. These frequercy estimates are the same as those
memmmmmrmu.m. The
Staff finds GE's estimate to be appropriate at the design stage.

The staff noted that GE Aid not provide results of accident
Analyses of postulated (ntarfacing LOCA events as applicable to
the ABR design. This is an ocutstanding {tes. Spacial attention
ahculd be paid in investigating various vays of cbtaining a
interfacing LOCA everrt. Itens to be corsidared should irclute, as
& minimm, the following: the number of valves, if arry, Coes sevtad
nmwmlwmw-ormmwmmm:
the types of valves: provisiors of the designr-maecific tachnical
specifications, "Arendrant 9 to Chaptar 16 of the ABWR Safety
Analysis Report,® Docket 50-605, dated Novenber 17, 1989,
(Reference 19.32) with respect o testing and maintenance inter-
vals, and postulatec post-testing and maintenance errors; valve
position indication and/or its aquivalent in the main control
roos; pressurs rating of the downstrean piping, provisiors of the
reactor primery systen gecret vy vith respect to corservation of
mass of the primary system; &) continued core cooling with the
unaffected system, if any, during an interfacing LOCA event. GE
mst estimats the frequancy of intarfacing LOCA events to acoount
for the above corsiderations and historical data (mxh as the
svent which occowrred at the Fatch facility).

The staff also notad that GE did not dooument the results of the
accident analyses of postulated LOCA events cutside the
contairment (in particular, steam line breaks in the RCIC stean
Piping and the BCU lines) in canbination with failure of the
isolation valves. This is an outstarding {tem.

3.3 Suxoess Criteria

GE's core cooling suc.ss criteria for tra~sients, postulated LOCA
events, and fallure~to-scran events are provided in Sections 19.2 ard
19.3 of the ABR SAR. The staff's review indicates \"wt GE has
detarmined design-specific core cooling success c itaria vhich are based
on realistic thermal-hydraulic (T“H) caloulations and assuptions, and
has documented this as part of its revised siwmittal to the staff's RAI
(References 19.9 and 19.11). For example, following the ICRV and stuck
open rellef valve events, szamummtmmc-y-m-um
cannot provide sufficient coolant makep to the reactor (e to lack of
sufficiert stoan) and has modeled the system charactaristics accordingly
for the IORV event and station blackout everts (based on availability of
battiry powar for only eight hours). However,the text that describes
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the ICRV every is Lncorsistent with the ICRV evert tress (Table 19,3~
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SOLENCS
hydraul ic calodations demonstrate
higr pressure injection systems (that is, more than an 800 g flow
rats) to svoid core damage for the above scenario, then the overall ABGR
core damage frequercy and risk could ircrease significantly. This
confirmatory item.

& should provide further doamentution (n the area of success criteria,
as described in this section.

3.4 Aocident Sequence Definition

GE's discussion of sccident sequence definition is provided
19.2.3 of the ABWR SAR. The assurptions used to define and
accident sequences are the same as those doaumented i(n
Reference 19.2. Basically, all of the accident sequances are
oocur when the reactor is at normal full power cperation, and
trarsient and/or a postulated LOOA challenges the safety systems. G
has made use of traditional (WASH-1400, NUREG~75/014, "Reactor Safety
study, An Assessment of Accident Risks in U.8. Comercial Nuclear Fower
Plants,* dated October 1975 - see Refarence 15.34) event trees to
develop core damage accident saquances following an anticipatsd
transient or a postulated LOCA. This event tree method used to develop
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Tw followirg are the staff's

'S application of event trees:

is acceptable to the staff,

general cbearvations on GE

55 g s m« m
e i mmmmw i
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ki mMm<mWMn m<mm
AR T
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i

3.8

1.
2

GE has used the traditional fault tree method to develop various system
corponent failures) which are used to
Systam unavailabilities. A

version of tlese fault trees (17 trees in total) for various safety

fallure models (carbinations of
develop an estimate of various
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mwwmu-mm,ammzcmw;mmm
Gesign W reliability of systens outside of the AR Ao L0
cartification. Since the design of these Lrtarface systaus are outside
otm-motmmuddnxmrdmmmmnitywm
wtility/spplicant, it {s lsportant that the reliability assagtiors ard
risk-signif.cant irsights used by G2 in developing the AR FRA are
wefarred to futuoe weliowts., The staff requires that G provide »
list of thess intarface sywtems, the assuned rel iabllity for each
and any safety significant Lrweights GE believes are

me‘wmmmm“qmwmmmmof
the FA. This is an Outstanding Itas. Puture applicants st

design for interface systens outside of the AR

the reliabllity asswptios and design {reights
Frovided by GE. This is an Intarface Reqguiresent,

3.6 Data Nalysis
3.6.1 Hardware Raliability Dats Aralysis

GE's reliability data for various cooponents are provided in
Apperdix 190D.6 of the ABR SAR. GE's systematic dooumentation of
the ABNR design-specific data for varicus safety systam includes:
(A) Genaral Electric document 22056, Rev. 2, "Failure Rate Deta
Maroal® (Reference 19.36), (B) GESSAR IT SAR (Reference 19.22),
(C) DOE ABGR BOCS Instrumsntation Fault Trees, 1987

(Raference 19.37), ard (D) IEXER Stardard 500, 1964

(Reference 19.38). The staff notas that, wharever the des Lo
specific data for cartain ABR ccoponent are not readily
svallable, GE has enployed GESSAR IT data and TEEE 500 data for
similar ABR ocorponents. This method is acoeptable with respect
to system wnavailability quantification purposes. However, GE
shauld provide docaumentation on the justification regarding the
applicability of certain genaric cuawmon cause/mode failure data to
ABR design-specific camponents (such as the diesel generators,
the HICY pagps, the LICY pups, and the RR heat exchangers)
Uwvolved in the systes wavallability model ing., Such
Justification should also include the corditions unde™ which
genaric camon cause/mode fallure data were evaluate., and the

ABR design-epecific component data as modeled in the PRA. This
is & confirmatory {tem.

Our revievw also indicates GE
irdividual components of the
exception of the adegquacy 3 (
following component data:

1. The RBR puap mechanical fallure.
2. The HFCY punp (mmnnummuxhacnw).

of the reliabilicy data for the
design seems reascrnable with the
in the AR design) of the

GE should provide justification for the use of its data for the
above carponents. This s an atstarnding {tem.
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turbine lubrication systen components) includes: (A) Geners)
Electric dooument 22A6278, Rev. 2, "HPCF Technical Specificatiors"
(bfuv: 19.29), (B) GESSAR I1 SAR (Reference 19.22), (

e review methodology, results and conclusions are presentad in the
following sectiors.
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4 HRA Review Methodology

3.7.0.1  NBER PR Review Criteria

i.

Meguacy ard Completenses of the Documentation - The
dooumerttation of the HRA should provide & description
of the aalyses, sn sudit trall for each aalysis
purforned and each husan error prebablility (HEP)
Garived, spporting retiomales, and source matarials.

Matarial Available to Sgport the I ~ The e tarials
(Wch as prooedursl guidance and cotrol room pare]
Gesign information) available to the MRA tean should

provide s clear uderstarding of human Lwvolvessrt in
the AR

Hman-Systen Nalyses FParformsd - The

alyses performed (such as detalled task anal ynes )
should provide a clear understarding of the task
requiremats and damands on the cperating staff, their
intarfaces vith plant equipment, ard the time
Corstraints within vhich critical tasks must be
acccepl ished. Also, the human-systean analyses should
pwxm.umuwwormmumxm
Was used to mpport the FA sodel developmert for the
inclusion of human actions in the event and fault
Creas. Fimally, the humwreysten analyses should
dencrwtrate how state of novledge technigues were
used to evaluats the utilization of BCIUanirg analyses

o othar technigues to ide~tify {mportant human
actions,

Types of Muman Task Acticorm Analyzed « The extent to
which the variety of humen {nteractions vith the plant
Fystams and camponents ware corsidered and how they
ware pode) led, As par the FRA Review Marual,
NUREG/GR-3485, datad 1985 (Reference 19.42), the human
actions should include “cperating, ca’ ibrating,
testing, monitoring, communicating, respording,
irspecting, deciding, and mraging.* Attenticn was
directad to the following LUpea of actiore:

Pre~accident and Al ing-accident human actioms,
Errors of cmission and comission,

Miscal ibration and misrestoration (Comporant
restoration errors),

Cognitive erroes, amd

Recovery errors.

Mequacy of the Human Action Modelling -~ uman actions
shauld be modelled within the event and frult treas .
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"Human Pectors Egineering, * ad Captar 19, "Mesporse U
Severe Accidert Folicy Statewrt . *

In addition to the SSAR, seversl other sourcss of
informetion were used:

. GE's resporses to the Reguest for Additional
Information (RAT) questicrs 620.6, da. 4 October 9,
1990 (Referwnce 19.4)), GE resporms to RALs 620.7 ard
620.10, datad October 9, 1990 (Referwrowe 19.44), and
(& resporme to RALs 621.1 through 621.11, dated
Decembar 17, 1990 (Referencec 19.24 and 19.49),

Information cdtalined on advanced tactrology aspects of
the ADNR cbtained in the "Foreign Travel rip Report «
Japan® in Octobar 1990 datad Decamber 12, 1990 by the
reView taan to Hitachl ard Toshiba (Refererce 19.46).

GESSAR IT MRA (Refarerce 19.22).

Hardbook of Human Rel {ability Aalysis vith Bphasis
an Nuclear Power Plamt Applicaticons,* NUREG/Cn=1278,
Oraft Report for Intarin Use and Coment dated 1980
Ard Final Report dated 198) (References 19.47 ad
19.48).

Systamatic Human Action Reliability Procedure (SHARP) |
EFRI NP-1583 dated 1984 (Reference 19.49).

Fost Evert Human Decision Errors: Operator Action

Trea/Time Reliability Correlation, NUREG/CR-3010 dated
1982 (Refarernce 19.50),

HRA Reviev Resuilts

3.7.2.1 MNeaquacy and Qupleteness of the
Documentation (Ttem 1)

Review Ttem 1 is foud to be an outstanding item,

The HRA-related doomentation provided in the ABMR Stardard
Safety Amalysis Report (SSAR) was fourd to be incompl ete
and, therefore, not adeguate in tearws of providing the
information needed to evaluate the APproach taken to huran
action modelling in the FRA. Detalled ratiorale or
discussion for the HEP estimate wvas provided for only six of
the human actions nodelled (n the FRA. In gernaral, the
doamentation did not {dentify the type of analyses used,
how the HRA analysis methods were irplemanted (such as
Spacific refarence to parts of Swain's Handbook of Human
Rel {ability Amalysis - NUREG/CR-1278, Raference 19.48 ardd
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19.42), vhat performarcs models ard parformancs shap g
factors ware corsidered, or how HEPs were guantified,
Seversl numan actiow dentified (n "ocmporwet fallure rats
data® les vare et (dertified In feult tress wd oo
actios foud in the fault tress that were not listad in the
tables. JFor eouple, Peult Tres Figure 190D, 6~16a,
"Feactivity Controls® lists “Opawntor Palls to Imhibit AB*
(NDSIN) bt was not Llistad in Pallure Deta Table 19D, 64,

"ALE FMailure Data,® vhich lists or should list all fallures
aescciated vith ADS.




3.7.3.3  Matarial Available to Sgport the HRA (Item 2
Review Ttam 2 (s foud to be & Urtarface reculrenent

Based upon the informetion cortained in SR Chaptars 18 ared
A9 ard GE's resporme to RAI Questcion 621.2, it wes not
pesaible to detarmine whwther the matarial svallable to the
MR\ tean wvas adeguata for a detalled evalustion of e
ACtion or an estimate of the HEPs. While RAJ Question 621.2
pecifioally asked for this informetion, GE's resporme did
ot directly address the reguest. In Section 18.5.).1 mvd
the resporse to RAI Question 621.2, G indicated that the
HEPs are to be validatad by an indeperdent i tean after
additioral dssign detall {s svailable.

3.7.2.2  Rumar-Systen )nalyses Performed (Itee 3)
Review Ttam J is foud to e an irtearfacs rocp i remertt

e svallarle documsrigtion provided little evidence that
thortugh nuar-eystes snalyses wars performed in sypport of
AR FRA/HRA activities. RAI Question 621.1) was a direct
requet for nfceowetion related to the homan-eywtans
aralysis approsches ircluding use of task anblyeis, HEP
estimtion wethods, screening aralyses, and NP modification
for tha ABE. GE's resgorse to the Question did not adiress
task amlysis. In resporse to Question 620.6, it was
indicatad that systen-level operating prooedures and

Rowever, as indicated in GE's resyoree to Question 620.13,
the sarple task analysis vhich was provided for review was
rmm.wmlolqumem. In
resporse, GE indicatad that the task aralyses wvill proosed
ard become more detailed (n an {tarstive fashion as the

design beccoes better developed., Puther, it ie indicated

that task analyses for tramsiet and accident scenarics
estimatad will be performed.

3.7.2.4  Types of uan Task Actione Aalyzed (Ttem 4)
Review (ten ¢ urammu-axpumo.

Based on an amalysis and classification of the human sctions
identified in the fault and evert trees (Refarence 19,20),

Umummntobn-quﬁltxotw;mofhmn
intaractions in the AR,




3.7.2.5  Mequacy of the Rman Action Modelling (Item §)
Revi v Ttam 5 (s ford to be an intarface reguirest,

"o AR husan sction modelling sppears to be reascrable in
L of conventional control boards, However, sinoe the
sV, e an adverced main control board, there is & corosm
aoue, the adequacy of human action modelling with regard to
i1 vireased sutcmation and advanced techology. Also,
twm vere evert tres brarch points depicted as hardware
fullwiee that shoauld include important human sctions, but
Mpparintly do not, PR -T:.' the

lRite power or one dissel aithar two- or eight-hour
tanod points, described in SSAR Table 19D.4+7 for loss of
(tite power and station blackout (SEC) event trems, should
haras & dooumented human action component.,

3.7.2.6  Quantification Methods Used to Betimate
Hean Error Probabllities (Ttem 6)

farview Ttam 6 is ford to be an outstanding ites.

The ABR human action modelling appears to be reascrable in
Lioms of coventional control boards. However, sirce the
nnn?.mmuu:‘-mmm.lmu-m
st adequacy of human action model th regard to
ito increased autcmation and advarced techrology. Also,

offsite pover or one diesel in either two- or eight-hour
hranch points, described {n SSAR Table 190D.4~7 for loss of
offsite power and station blackout (SBD) event trees, should
have a human action coaponent which {s not documented.
3.7.2.7 Perfarmance Shaping Factors Evaluated (Ttee 7)
Review Tten 7 is foud to be an interface requirement.

Based ypon the svailable documentation, it did not appear
that performance shaping factors (PSPs) were considered in
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As presently documented, the HRA is limited in its treatment
of the sdvanced tectrology aspects of the AR ard little
ovidence exists that the changing role of the cperstor due
to increased sutamtion was aralyzed for its MRA
implicatiors. RAI Questiors 621.9 and 621.10 specifioally

58
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3.7.2.9 Gerwric Human Error Data Sources (Item 9)
Review Tten § is found to be an antstanding item.

In genaral, the documentation in the SSAR Qaneral
information on the source data used for et imates .
Wile methods were {dentified, such as NUREG/CR-1278
(Maference 19.48) vhich cortains such data, refererces to
specific data tables ware genarally not in the documerta-
tion. In addition to NUREG/CR-1278, four other
sources ware identified. However, two of these tumed out
to be secondary sourves, both of which identified the same

vihich are Y basad on simple marual control tasks (such
in NUREG/CR-1278) for estimation of
(mxdtoring and sparvisory control) operstor tasks in an
advanced reactor.

3.7.2.10 Generalization from Farlier FRAs (Item 10)

E

As indicatad in the SSAR, vt of the HEPS were taken from
the CISSAR 11 FRA (Reference 19.22). The use of these
Mwmjmmhwwmmaim
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3.7.3.02 Dreights Galred from the Aralyses (Ttem 12)
Reviev Ttem 12 is foud to be an confirmatory {tem.

The staff has concluded that GE has developed a reascnable

plan to use information ard Uwmights gained from the HRA to
spport the systen/cparational desi n. The acceptability of
Yy s realized from the HRA hovever, must swait

ign developmatt.,

3.7.3 HRA Review Conclusions

?

cant
In ¢ 11 of the 12 review {tems vere classified as either
Ttans” requiring additional information (Ttes i, &,
$, and 11), "Interface Requirements®, (Iteew 2, 3, 5, 7, ¢, ad
10) or “Confirmatory Items (Item 12). Item 4 was foud to be
"Aoceptable.*
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3.8 Quantification of Accident Seguarnce Freguencies

@& 's guantification approach used in combination with (ts design
specific and genaric data to quantify the seguarce freguency estimates
is provided in sibsection 190.4. Thess traditional and corventicne)
thods are acomptable to the staff,

The staff notes that this prooess wes carried out by developing & single
sat of branch polnt probabilitics for the various systens (and
combinations of sywteans that sppeared side by side) in the evert trees.
'msummummmmwwmmm
assuring that thare has been no double countirg of fallure probabilities
(L.0., an undarprediction of overal] sequance failure freguency). Based
W the review, the staff balieves that GE took sufficient precautions
vithin the modeling to minimize the possibility of dauble counting, The
staff did, however, find sooe niror errces in the GE evert trees. In

e stalf's requantification effort, these errors were corrected. This
is discussed in detall in Feferercx 19.20,

As part of the staff's review, an uncmrtainty analysis using NURES-1150
type methods was parformed on the corrected model to evaluate the impact
of the variations of certain critical system fallures, hmen actions,
and initiating events on the AR core damage freguency. These results
are discussed in detall L Section 7 of Reference 19.20. The results
are provided in Table 19.3~4 along with & mumary of mean frequency
estimates for various accident classes. Table 19.3+4 Also lists a
relative ranking of dominant sequence frequency estimates.

3.9 Quantification of Aocident Sequence Class Freguencies

As is done in most PRAs, GE has grouped postulated aocident

into & mmall set of classes of accident segquenves. GE's aralysis of the
classification of postulated accident sequences (s provided in
Subsection 19D.5.2 of the ABR SAR. An {temization of the definiticrs
usad to charactarize these accident classes is provided in Table 19.3-2.
The staff's reviev of these sccident classes indicates that the
classification of accident sequences is based on the suppression pool
conditions (smuibcooled or saturated) and the timing of the contairmernt

fallure dus to loms of decay heat removal systems following a postulated
accident seguence. Thess definitions sews reascrable

The staff notes that these definitions are somewhat corsistent with
those used in the Limerick FRA, although scme accident sequences have
been regrouped into other classes. For earple, sequences involving
fallure~to-scran events followed by the failure of boron injection and
less of high pressure coolant makeup to the reactor, have bean grouped
into the loss of coolant lrventory makesp (vith successful sCran)
saquences for which a subccoled sppression pool cordition {s expected
for a longer time. The staff notas (Refererce 19.13) that the amasrt of
heat Auped into the sgppression pool for these two groups of accidert
seuences will be completaly different ard will result in & orpletaly
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different contalsmer resporse and different demand on The aorees i on
pool cooling sywtame. PFurthear discussion of contairsert #tates vill be
fourd in Section 19.6.

3,10 Praary of GE's Ertimates of Core Dmusge Fosgoeecy
L to Intarrally Initisted Pvarrts

3.10.1 Initiating Bverts ard Prircipal Oomtributree

GE's FRA has estisatad the relative contribione of * rriovs
initiating everts (trasiente od LOOA) %0 the tots! e danage
«  An estimate of the relstive ootributior. of Dwes
initiating evert's to the ovarall core damage freguensy (tiwes emts
ad LOCA avents oily) ix provided (n Table 19.3+5. Becauss ' has
not parformed an wosrtalnty amalysis, the relative contribotions
are based on point estimates, Mus is an outstanding itam.
However, as part of the staff's review, an urcartainty ane .yses
wvas parformed (using thae staff's NUREG-1150 methods) of major
saurces (critical sewtean failures, critical huean fallures, srd
mjor initiating events, of woartaintiss contributing to
postulated core damage werts., Thus, the staff has obtained
estimites of the relative contributions of various initiat'ng
events vhich, in additicn to wing revised fallure probabilities,

are based on aritimet!c vsan estumtes of Uw ore damsge
fregquency. The staff's estimates Of tha relative contributions of
initiating events are also provided in Table 18,35, This table
irdicates that falluwre-to-scram fvats following anticipsted
tUrwrsients are the largest contriduvtor (about 31.5 percst) o (o

“

polmt estimate core damage froguasicy. The tacso 4oeinmmt
contributeor (about 26.4 parvartt) e tie loes of U maln feadeatar
systam, Tubine Lrip events, reactor isolation events, and
inadvertent cpen relief valve events cordanute egpally (about 3
to 4 pervent) to the core damage freguency. The collactive
contribution of all postulated LYCA evants is fomd to be vary
small (about 3 percatt) .

It should be notad that, although GE Mae orovided substantis)
design improvements to the s sywias, Milure-to-cram wsemts
still contribute significantly to the totr! core desege freguescy.
This is primarily due to the staff's \pward revisi o i ths desead
fallure probability of the overa.) scoam eystec. Lo view of
recent eperience (& fallure evern in one of tie e Duropsean
maticns) applicable to & similar scrum syste discamed in (iw
Octobar 12, 1991, edition of NRuclaonios Wak (Reference 19 1.2),
the staff judges this revision of the & o ‘erand fa! | .oe
probability to be appropriata. The stoff ales finds v, wnlie
ourently cperating BiRs, station blackou: '‘asrts & red
contribute significantly to the core damsge freguercy. This 4.
primarily dus to incorporstion of the arsite (Ra~"1L bine gen ™ot
as part of the AIMR design. With respect to b/ i ny Dlackewr
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WINTLE  the STAST notes tiat the decreass in reliabllity due
Vel of & stase-driven high pressure sywten (much as the T
FYRTaa L earlier designs) in the ABMR design is well CORper s tac
By & substantial reliability fsprovessrt due to the sddition of a
Pas-rbine gawrator in e AR design. Inoce pocetion of an
adiiticnw] wocor-driven high Preasures sywlam train (the C train of
tha BT oystem) in the NBR is faud to have an lreignificamt
finact on the contribution of LOCA evwits to the overall ccze
damage freguency .

3.10.2 Acident Sepusoms

@&'r disassiors regariing socidert seguence descriptions are
Fovidged (n Apperdix 190.4 of e AR SAP. A previously
irdiceted, this sectio, provides only descriptiors of grogps of
MOCLAat raguerces, that is, accident Sguerce classes. The sanw
infocmation 1s aleo jeovided in Section 19.3 of the ABS SAR. .
dracription of these rucident seguence classes along with the
freguercy estimates uscd 4n the FRA and in the sta’f's review is
providged in Table 19.3+4, T™he staff notes that both the FRA ardd
the staff's reviev did not attagr to develop & ranking of all
individual sccident sequarces. T™his is Primarily becauss nalthar
(trummzfnmtodnn.lwmlml Boo ) aan
sqations Which wauld have yielded the detalled information
reguired.

Rovever, the staff's revised frequency estimates provided in
Table 19.3+4 irdicata that the high pressure oore melt
(Class IA) {Uwulving loss of al) high pressure coolant makesp to

7. daminate tha overall core darege frequency. The
second dominant socider class corsists of the high pressue core
Palt sequences (Class TV) {nvolving fallure ‘o-scras sverts
coupled with boren inje cion systos failurves. The third Gominarn
accident class cors'sts ! the low pressurs melt BEQURNOWR
(Class ID; Lrwolving lrs o0 high pressure and lov pressure
coolant makep tu the ' .tar, Both Class I Seguences (somet Lmes
referrad to a8 "IW" pageencns 2a in the WASH-1400 nomencl ature )
ivoiving loss of the contalicent heat removal function (pricx to
the fallure of loss of coolant {rventory mkep to the reactar) ,
and station blackout segiences (Classes D=1, I8-2, ad ID-3), are
fourd to be ieignificant contributors to the overall core damage
fregquency. The staff notes also that the most dominant accidert
“lass (that is, Class 1A saguences) contributing to the overall
SLor damage frequancy, s the sane for both GE's risk anmalyses and
the vtail's review of them,

3.10.3 (hsarvat.ore

(1) There appears Lo e substantial lnprovenert {n the rel iability
of safety systars. The reliability lrprovemants {nclude
enhancamants in redundancy and diversity Applied o the design
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of the safety systans, lack of detalled informetion in the
Arsas of LUwtrumsrtation and cortrol systas precludes the
Malf from drawing sinllar conclusions L) those areas.

Our review of Uw probediiistic amalysis of the SIC sywtem
(Meedied to mitigats falluwe-to-ecres everts) indicates that
this systen s parually indtisted, Relative to currently
cparating B designe (mxch as Liserick), the above feature s
not & design enhancesent, corsidering the very shxet tine
avallable for the cperator L0 initiate the EIC

following a fallure-to-screm evert. GF clalss that the
addition of the PMCORD alarg vith the (rdependent electrically
driven comtrol rod Usartion festiure mininizes te dawr on
the SLC systam, beceuse ¢ the Jower Jikalihco! of & need for
BIC initiation. 1In & meeting vith the staff on Aspes 6,
1991, GE indicated that the SIC sywtem design has been hanged
for sutcmatic initistion. The staff has regueetad that &
docket this informetion. The scosptabllity of BIC initiation

is arently uder staff reviow ard is discussed in Cwpter 4
of the EER.

Wen core damege htq..tinmt:amrotm"ptrm
ysar are calaulatad, the question of the physical significarce
of much an extremaly lov muber naturally arises. To

Wderstand such & number, (t (s necessary to understard the
conmtaxt in which it is preserted.

= The main reason that the number (s 20 lovw s tha
dedigners have intantionally done thelir best to address all
. the

= Like sost other disciplines, it s & linitat

probabilistic analysis that it oan only acdh
accidant soenarics and fallure modes.

Realistically, ane mwst allow far this possibility of scee
new issue changing the core damage frequency once it is
discovered. Nevarthaless, until {t is discovered, the core

darage frequancy estimate properly remaine at & very low
value,




core freguency estimate is cortingert there
baing o sl uma-vuunmm:.num
Ul ses Aring subseguent sywten walkdowns

Are not sisply & matter of o0 numbers. If &
probability distribution is sv.ilable, it is more

report indicates tha® no unigue highly daminant scenaric exists
with respect to core damage freguancy (that is within the enhanced
design umbrella as documented in Refererce 19.2). This finding is
based on the leve. of design detail applicable to the ABMR NSSS
ard associated BOP systems as documented in the AIWR SAR,

Resclution of the cuts*anding {tans in the PRA (as discussed above
and sumarized in Section 19.10 at the end of this evaluation
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Table 15.3-1 I Samary of Initiating Evert Freguency Fstimates For The

AR Design

Initiatine Bvent Frequercy (Par Reactor-Year)

FRA R Commartts

Marual Shurtdown | 1 V

Isclation Event 0.1 1. & AV

loes of Fesdwatar 0.1 e ¥, Y

Turbine Trip 0.68 G a, Vv

Inadvertent Open Ralief

Relief Valve 0.01 0.1 o &

Loss of Offsite Fower 0.1 0.1 -74

Small Loca m 1.2 E=) 1.2 B=3

Mecdium IOCA F.ent 6.7 E~4 6.7 E~4

large LOCA Event 2.1 B~ 2.1 B~

Anticipated Transient  0.99 3.2 FY Y,

bNotes:

L/ e staff has used the same value in its accident sequence
reuantification efforts.

2/ For review comments, refer to Section 4.1 of Reference 19.20.

74 GE's es” nates are not based on historicml data.

4/ GE's low estimate (relative to histarical data) could be justifiad
through documentation of the improvemernts made to the ABR multi-stage
relief valves.

74 GE's estimate does not consider the characteristics of all applicable

grids in the U.S.
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Table 15.3-2 A Sumnary of GE's Ass.grvat of Accidert (o for
Various Accident Seguences

Class Description

IA Transients followed by failure of the high pressue coolant makeny
to the reactor ard a failure to depressurize the reactor in a
timely fashion.

I5~1 Short tarm Station Blac.out (SEHD) events with RCIC fallw, ansite
POWRr 18 recovered in eight hours.

IB~2 SHC events with RCIC available for core coolamt makep for
approcimataly eight hours.

IB~-3 SEO everts (more than eight hawrs) with ROIC failure.

IC ATWS events without boiun injection with failure of coclant macenly
L the reactar.

ID Transients followed by fail' e of high pressure coolant makep to
the reactor, successful depressurization of the reactor. ard
fallure of low pressure coolant makeup to the reactor.

IE AIWS events followed by failure of high pressure coclant makeup to
the reactor and fallure to depressurize t.e reactor.

o Transiamt, LOCA, and AIWS (with boron injection) events, with
successful coolant makeup, but with potential prior failure of
contairment.

ITIA Small and medium LOCA everts, followed by failure of high pressure
coclant makeup to the reactor and failure to depressurize the
reactor,

IO 11 1OCA events followed by failure of high pressure coclant
makap to the reactar, successful depressurization of the reactor,
ard fallure of low pressure coolant makep to the reactor.

v AIWS events followed by failure to provide boron injection ard
successful high pressure cooclant makeup to the reactor;: ATHS
events followed by successful boron injection, but failure to Ko
the vessel at high pressure, resulting in boron dilution.

All core damage events followed by failure to prevent sSuppression
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Table 15.3-3 A Summary of Staff Review Firdings on &'s Systen Uravailability
Estimates

Systan Coopination Tran. .3 LOCA Loas of
BEverts Offsite Coxmwrts

POy
Beactivity Conmtrnl
Scran & ARI 1 E~8 1 E-8 1 E-8 &/
RCIC & HPCAE & HFICFC )1 B 1 E=3 7 E~4 p e
HPCFB & HPCFC 2 E-3 E-3 S E~3 /s 2
HPFCFE or HPCFC 4 B-2 6 E-2 4 B-2 & A
RCIC & E-2 4 E-2 5 4 E~ 1/
Low Pressre Coolant Mokeuo
ADE or Marual Depr. 2 E-3 Negligible 2 E-3 &/
BiRA § ARE ¢ BRC S E~5 i B~ E-4 pV
FRHRA or RHRB or RHRC 3 E-2 4 E-2 3 E=2 1/
S4xrression Fool Qooling Mode
RRA & RHRB & RHRC 5 B+ 5 E~4 2 E-] pe

(Start ar ' Rm)

Notes:

&/ The staff's requantification of the GE fault tree has provided similar results.

&/ The staff's review has provided scmewhat lower credit for the ABR design
improvement . 4 resultad in a conditional probability of 1E-6 par demand.

2/ The staff's requantification of the same fault tree idertified a model ing error
and carrectad it. This resultad (n a probability of 7.95E~3 per demard.

4/ The staff's requantification of the same fault tree identified a model ing errcr
and correctad it. This resultad in a probability of 7.33E-2 per demand,

o

GE has taken credit for the RCIC system for small 1LOCA evernts only. The
staff's review agrees with this.
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Table 19.3-3 (Continued)

6/ The staff's reviev provided an altarmate estimate ol 28-2 per demand.

Z/ T™is estimate is ressorable for trwwiants with successful scram. However,
this unavailability ~ould be higher depending on minimm cooling requirements
for ATWS events (in particular, isclation everts followed by failure to scram) .
This is an open item for G to resclve.
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Table 19.3~4 A Sumary of G Results and the Staff's Review Firdings on Dominant
Segquence Frequency Estimates

Class Frequency Foint Staff's Maan Rarnking of

yV Estimates (par RY) 4/ Estimate § Staff's
GE 2/ start 3/ Estimate §/

IA 4.3 E-8 2.4 E~7 3.4 E-7 1

IB-1 1.9 E- 1.9 E-8 1.8 -8 5

-2 1.6 E=5 7.9 E~% 6.1 £ 7

IB-3 6.4 E-11 6.9 E-] 6.4 E~10 b

) (o 2.6 E-13 6.5 E-1C 8.0 E~10 10

ID 1.5 E-8 9.5 E-8 1.1 E=7

&4 2.5 E-10 2.5 E-8 2.8 E~8 1

I 4.4 E9 4.4 E-5 5.3 E=7 8

IIID 1.3 E~8 1.3 E-8 1.3 E-8 6

IV 2.7 E-S 1.8 E=7 2.3 E=7 2

v S/ & H

Total 8.1 E~-8 5.9 E-7 7.5 E=7

NoAes:

p ¥y Far a description of accident class definitions, refer to Table 19.3-2.

&/ These freguency estimates are the same as those docmertad in Table 16, 3-9
of the ABWR SAR.

3/ These frequency estimates are those documented in Table 6.2 of
Reference 19.20. These nunbars are point estimates rather thar DSANS ,
permmit meaningful camparisons with GE's nunbers.

[ % The staff's estimates are based on GE's reference design, including an
onsite gas-turbine generator and an AC-indeperdent firewater

_ (low pressure
coclant makeup to the reactor) system.
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With respect to frequancy estimates, the ABWR FRA did not document a
guantitative evaluation of these sequences. Although the
Qualitatively evaluated these sequerces a qguantification
pertormed

statf has
1 of thanm vas not

&/ These moan estimates are those documentaed in Table 7.2 of Refererce 19,2
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Table 15.3-5 Amumﬁwwmumﬂ-mmmmw
the Overall Core Damage Frequency

. -
D TRET nNER I
+ -
™) Normal Shutdown 1.9 2.0
T Turbine Trip 4. $.1
T(IS0) Reactor Isolation 2.4 3.3
T(FW) loss of Feedwater 26.4 29.8
T(W/P) loss of Offsite Power 20.2 19.1
(With Partial Onsite Power)
T(W/s) loss of Offsite Power 5.7 4.1
(Withaut asite Power)
(1) Inadvertert Cpen Relief Valve 3.5 3.4
T(Fs) Failure~to~Scram Events 31.5 0.2
3 large LOCA Events 0.5 0.4
8(1) Medium LOCA Everts 1.6 1.2
8(2) Small LOCA Evemts 0.9 0.3
- <
Notes:
p ¥y Mpmmutmmmummmnmezﬂm

. These estimates are the same as
6.10 of Reference 1%.20.

i
§
:
?
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19.4 QALUIATION OF CORE DAMAGE FREQUENCY DUE TO EXTERNALLY INTTIATED EVENTS

4.1 Introduction and Review of the Scope of External
Everit Analyses in the ABWR FRA

In the ABR /RA, quantitative Treatment of extarmal events was performed
only for tormado strikes and earthquakes. These two external accident
wmmmmm”wwmmmmmwa‘m
Ground rules Document (Reference 19.2) &8 evarts that may require
Quantitative assessmert for sach ALWR. Other external everts are
ml&rﬁmtobnlnwmm@mtoﬂ)@mdmmmm
improved design, proper siting, or low probablility of cocunrrence.,
Toarmado strike and seismic analyses are evaluated in Setiors 19.4.2 ard
15.4.3,

The staff is cxrently reviewing Refererxe 19.2, and may not necessarily
conclude that orly earthquakes and tormado sty ikes need Quantitative
evaluations. At the staff's request, GE has 'rovided to documestts
(References 19.5) ard 19.54) which were Prepared to spport positions
recamended in Reference 19.2. These references, one of which is an
uUrerin report, attampt to identify extarnal events that will be
integrated ‘nto the external event FRAS, and those that can be excluded
from the detailed aralyses. This identification was carried out using a
screening analysis which relied upon the review of existing PRAs for the
QuTent genuration of plants, and then assessing whethar the severe
accident vulnrabilities found in the existing plants have been
eliminated in the AUVR design. The othar screening criterion use! was
whether the event had a significantly lowar mean frequency of occourrerce
than other events with similar uncertaintiss and could not result in
worse consecuences than those eventa. The conclusions drawn in chese
n:mmﬂntmuxmicmmwbommmm,
m.lmwmmumotnwmltt‘nplm resulting in a
prolonged loss of off-site power is also nesded. G concludes that all
other extermal events (including fire and flooding events) can be
excluded from detailed guantitative analysis in the PRAs based on
improved plant design and siting criteria. However, these references
mml\mmtmlmimotmwummmmta
design and site verification be performed alta. 1 site ad design are
aclacudto;rmtrntmd-anwnudoudwmtt:nmm
usad to exclude these events.

The staff, in developing the draft guidance for the Individual Flant
Damination for External Events (IPEEE) (Raference 19.55), had also used
esimilarapp:md:tomefmirytheextexmlevmmxcnrmdedm
Quantitative analyses for the cperating plants. The following five
extarnal events were identified as requiring scme examination at all
plants (intarmal flocds have been included with the intermal events
evaluation): (1) fire; (2) external floods: (3) seismic; (4) high
winds; and (5) transportation and nearby facility hazards.
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greater, comparable to the intarmal events. Thus, even though the
be low, irsights with
contributors to the overall results may be significantly affectsd by
including these "low frequency” external events. Therefcre, the staff
consistent with the recommendations of Reference 19.53, perding the
staff review of the AINR Requircments Document, recommends that a
ard design verification be performed when a specific site is sele—
for the extermal events, such as extermal floods and transpr- cation
hazards, for which no anaiyses can be performed at this scage. This is
an interface requirement.

The staff, based on its past experienc., does not agree vith GE that ro
severe accidert exam.nation is neadad with respect to the fire hazard

(response to the staff Q.725.74, Reference 19.56). This hazard is not
truly "extarnal,” and can be svaluated to scme extent at the design

stage. This is an cutstanding ltem.

From past PRA review experience (e.g., unigue design features of tho
Shoreham facility), the staff also belicves that various combinations of

|
:
§
|

The staff's review of the ABR tormado strike and seismic PRA was
assisted by BNL (as a primary contractor to the staff) ard its
subcontractar, EQE Engineering, Inc. (EQE), with BNL mainly resporsible
for reviewing systee analysis and developing altermative Brolean
equations for seismic acident seguences. The staff has reviewsd,
acceptad, and adopted the reviews by its contractors as its own.

The remainder of the task, including a critical review of both the
seismic hazard analysis and the equipment and structural fragility
analysis presentad in the ABWR seismic PRA, re-quantification of seismic
core damage frequesy “sing different, staff-provided seismic hazard
arves, and an uncertainty analysis was performed by BQE. The detail of
the results of BNL's and EQE's review and indeperdent estimates of
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accident sequence frequencies as well as the corclusions drawn from the
study are documernted in Reference 19.20.

The following SER section on tormado strike and seismic events are
basad on the tachnical evaluation conductad by BNL and EQE. Results of
this evaluation, lrsights, and safety findings are highlighted here.

4.2 Tormado Strilke Amalysis

The tormado strike analysis perfoimed in the ABWR PRA essentially
follows the EFRI PRA Key Assurrtions and Groudrules (KAG) position and
approach (Reference 15.2). (As notad earlier, the staff is separataly
revieving Reference 19.2). EPRI, with the tachnical assistance of the
Advanced Reactor Severe Accident Program (ARSAP), has assessed the ALKR
vulnerability to tornado-induced events and concluded that the daminant
effect of a tormado strike is likealy to be a prolonged lces of offsite
power (Reference 15.54). Host of tne vulnerabilities found in past FRAs
are not expectad to occour in the ALWR design. The EPRI position,
therefore, is such that it deams a simplified model sufficient for the
assessmant of toarmado strike impact, provided that it addresses randon
failures in combination with loss of offs'te power,

AS a support to EPRI'e effort in developing the ALWR Requirements
Document, ARSAP carried cut the evaluation of ALWR designs to idertify
their tormado vulnerability ard developed a method to guantitatively
estimate ALKR tormado strike core damage frequency. BExpectad tormado
strike frequencies were calculated basad on regional historical data
summa.ized in an EPRI roport on tormado missile risk assessment. The
frequencies of tormado strikes with intensities large encugh to lead to
core damage everts were combined to generate total regional frequencies
per squars miles per year., The regional value is, then, mutiplied by
the plant area, assumad to be about 0.14 square miles, to yield the
expactad tormado strike frequency. The staff has not evaluatad the
adequacy of 0.14 square miles assigned for the plant area. The plant
area consisting of critical safety systems, caponents, and structures
(e.g., ultimate heat sink) may exceed this assigned estimate of 0.14
square miles. However, because of the low OF estimatad f-r the tornade
initiating events, even increasing the plant area substanct.ally is not
likely to make the tormade events major contributors.

Since the resulting regicral site strike frequencies were fouoxd to be
relatively irsensitive to the region specified, the maximm assessed
regional value of 2.86 E-05 tarmado strikes per year was conservatively
chosen as the basis for the ABWR tarmado strike aralysis.

This value was used as the initiating event frequency in the lcss of
offsite power and station blackout event trees develcped for the
intarmal events in Section 135D.4 of the ABWR FRA fo. estimating the core
damage frequency attributable to tornmade strikes. In calculating the
core damage frequency, the follwing 2ssuoptions, resulting from the
ARSAP qualitative evaluation of the expectad AILWR tormado strike
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vulnerabilities, vere further imposed by properly mdifying the event
rees (1)maﬁitummwummmumm@
the main codenser due to their vulnerability to tormado effects;

(1) both the power conversion systen and the feedwater system are
unavailable dus to loss of offsite power; and (iii) offsite power
restoration is not egectad within 24 haxs following a tarmado strike.

ALl other assurptions 4 conditions remain the same as those used in
the intarmal events » sis. Quantification of these event trees on

this basis yielde’ : e damage frguency attributable to

tormado~initiate - : E-08 par year. Due to its relatively
irsignificant ocor. » ‘mrall core damage frequency, no
furthar detailed a: oo out for tormado-induoed everts.

4.3 Seismic Bverts
‘.3-1 mim o

The ABWR seismic event analyeis, _ascribed in Sectior 19.4.3 of
mm.ummmmmmawm
forth in Apperdix A to the Advanced Light Water Reactor
Requirements Document (Reference 19.2). Such an analysis is
mnutummmmmmm-tm
certification stage has a balarced design from s seismic risk
mnuuumdm-mummmm'-m-ty
goals (including quantitative health cbjectives) can be fulfilled.

m-mwjeuv-otmwnmmmy-nmmu
follows in the ABR FRA:

(1) mmmtmmwmmmmum
NRC policy statement on severe accidents which includes
mi&nﬁmofudnicmﬂuwmrm
cartification.

(2) mmmimmmm«m.muw
mmmumrmummwmwm
sructures of the plant.

(3) To understand, within the uncertainty limits, the relative
d-gruotrukcamrimumtnmni-icm.sminm
with other everts. .

(4) mimmmmblamotmtonmma
seismic event as well as any vulnerabilities (it any) to
seismic everts.

GE's approach to carry ot seismic event analysis is described in
the next section.
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cCanponents
Quantification of accident sequence frequencies. Fach of
Mnjwnshmdimduumlmwinmu

mm-oucmmwummmm
use of the several ground rules and assumptions as follows:

(1) No credit is given to recovery of offsite rower when
lost due to seismic events.

(i) No credit is given to repair or recovery of
mechanical failure of camponents caused by seismic
everts,

(111) Sstructural failure of a building containing important
equirment results in functional failure of all
cortained

(iv) s.mmnumocmmwwat
similar locations are treatad as dependent failues,

i.e.,, all caponents  fail toguther.
The following lists scme of the key assumptions described in

the AR Requirements Dooument (Reference 19.2) which are
also used in the ABR PRA:

(v) It was assumad that the primary seismic hazard is due



(vi) The seismic hazard for potential ABWR sites in the
future wvas charactarized by a single hazard cunrve.

(vii) Seismic fragilities for a few structures and
components were estimated using specific design
information. PFor the rest of the structures and
components, fragilities were assigred on a generic
basis with the assumption that they are achievable in
light of the AR evolutionary seismic design
critaria,

GE's general approach and assumptions (1) through (iv) are
consistant vith the-state-of-the-art approaches and the past
FRA practices. Assumptions (v) through (vii) necrssitate
from the fact that the ABWR seismic FRA is being corductad
for a standard design which has not bean built or located at
a spacific site. These assuptions have several {mplica-

tions, mairuy in the area of interface requirements, and are
discussed later.

4.3.1.2 Coparison with the AUR Requirements Document

ased on & preliminary review and a conference call with GE
an January 31, 1991, the staff has notad the following three
differences among the requirements ocutlined in
Reference 19.2 and those used in the ABWR PRA.

(1) The seisnic hazard caugve used in the ABR PRA is
different than that recommended in the ALKR
Requiremants Documestt.

(11) Seisnic induced fires have not been addressed in the
ABWR MRA,

(1i1) Seismic induced floods have not been addressed in the
ABR PRA.

As will be discussed in Section 19.4.3.2, the staff has used
altermate hazard cxves in its quantification. The impact
of using different crves on results is also discussed.

GE is in a process of performing a screening analyses to
address items (i) and (iii) above. The staff will review
this information when it becomes available.

$:3:143 Overview of ABWR FPRA Results

The seismic core damage frequencies calculated for various
accident classes in the ABWR PRA are sumarized in
Table 15.4~1. FRoughly speaking, Class I events are
trarsients with loss of core cooling, Class IT events are
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*ants with sucosssful core cooling, bt with loss of
Contairment cooling, ard Class IV events are anticipated
Tansients vithaut scram (ATWS) without boron injectian, but
with core cooling svailable. The total seismic core damaoe
mmmwmua.sznwmmu‘m
FRA. Tha Largest comtribution (about 95 percent) to seisuic
m&mpfmmm&mmxm, which
have a total seismic OOF of 2.4 E~7 par year.

wi

The staff does Not & we vith the treatment of Class IT
Saguences in the ABRR FRA and this issue is discussed
furthar in Section 19.4.3.5.

4.3.1.4 Roview Npproach

The seismic hazard curve used in the ABWR FRA wvas reviewed
as to its applicability to potential ABWR sites in the
canmtral and eastarn United States in light of recert seismic
hazard study results. ‘Three representative sites with rnigh
selsmic hazard were selectad to estimate the charges in
Salsmic accident frejencies from the ABWR FRA values.

The methodology used in estimating the seismic fragilities
of structires and camponents was reviewed. The calculations
of fragilities of specific structures ard canponents
performad by GE were reviewed. The reascrableness of the
assigment of generic fragilities for structures and
Components was assessad in light of the ABR seismic design
critaria.

In the systen modeling area, accident saguences, rarconm
failmratasmﬁhmnacncrrmmmmm
woere reviewed, and modified appropriataly to be consistent
withthcfunux;:trmmumuralmmsmluumam
other saismic related findings discussed later in this
Chapter. Boolean eguations for different accident sequences
were developed and used in reguantification. In the review,
itmmmmattmmwmudwﬂopedmmnm
PRA accurataly represent the systems. The staff did not
develcp the fault trees and cutsets indeperdently,

The results of this review and reguantification include
seismic accident class frequencies estimated using different
seismic hazard cxves, seismic margine for differert
accident classes and identification of dominant contributors
in terms of camponent failures and accidert Sequencas .
Uncertainty analysis using families of hazard and fragility
curves were also carried out. Further sensitivity stidies
were conducted to assess the impact of altermative selsmic
fragilities for same selectad conponents.
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‘l3.2

accaleration (FGA). mmmwmmmm;-u

This hazard cove (Fig. 19.4~1) wvas shown in the GESSAR II
seismic event analysis to be a barding curve of the
best-estimats hazard curves for the Limerick, Irdian Point,
Zion, ard Oyster Creex sites based on the information
&vailable at that time. For the ABWR application, this
curve was flrther coampared to the median hazard curve of the
Occnee site and found to be bounding (see GE's response to
staff question 725.68, Reference 19.56). The soil-structure
intaraction effact on seismic risk is not included in the

stidies, results and scientific opinion
seismicity and seismic hazard for the Eastern United States
(BUS) .
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4.

3.

4.2.2.2 Razard Review Approach

TO umerstand how represertative the ABWR seismic hazard
arve is of BS sites, and to study the effect of site
variatios on the calculated mean QOF, three differwert
sites, Pllgrim, Seabrook and Watts Bar, were selectad arnd
the hazard cuves developed by both the Lavrence Livermore
Rational laboratory (LINL) (Reference 15.59) ard the
Electric Power Reses ch Iretituts (EFRI) (Reference 19.60)
for these sites werey conpared with the ABWR hazard. These
three locations in the EUS were selected because of their
relatively high seismic hazard. A comparison among these
varicus hazard estimates, including that of GE's, is shown
in Fig. 19.4-2.

4.3.2.) Evaluation of ABWR PRA Hazard

In Fig. 15.4-2, all LINL curves imdicate a much larger
selsmic hazard than the values used in the ABWR analysis.
Generally, the EFRI seismic hazard for sites in the EBUS is
an order of magnitude below the LINL hazard. However, even
the EPRI mean hazard for Pllgrin and Seabrock was foard to
be larger than the ABWR best estimats hazard., Therefore,
e ABWR selsmic hazard camot be considered to be a
conservative estimate of seismic hazard for the eastamrn
Unitad States, and does not appear to acoourt for the large
uncertainties which exist in the hazard estimation. The
ABRR selsmic hazard curve also indicates a different slope
characteristic at acoelerations greater than 1g. The impact
of different hazard cuves on COF and identification of
daninant camponents,/sequences is discussed in Section
18.4.3.7.

Fragility Analysis
4.3.3.1 ABRR Approach

The seisnic fragility of camponents in the ABR is modeled
using a lognormal distribution with the parameters as median
paak ground accelerstion capacity (A) and logaritimic
standard deviation (8,) representing randamess in capacity
and uncertainty in the median capacity. Note that this
representation is equivalent to using a mean fragility
caoxve. 'Bmepammmllyestimtedmuqm
design information, qualificaticr analyses and test results.
Seismic fragilities of structures in the reactor uilding
camplex were evaluatad following the methods emploved in
previous selsmic PRAs (References 19.57 and 19.58) for:
- Reactor building shear wvalls

- Contairment
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=~ Reactor pressure vessel pedestal

Detailed fragility calculations for other structures sxch as
the control building and twrbine uilding could not be made
at this time. These ities were assigned by comparison
vith sinilar structures past seisnic FRAs.

Seismic fragilities of safety-relatad components were
assessed for the folloving two categories of components:

El mmtmwmmmw evaluation wvas
made according to existing design information.

8 Generic corponents whose fragilities are hased on data
carpiled in the "Compilation of Fragility Information
from Available Probabilistic Risk Assessmerts, ™ dated
September 1988 (Reference 19.61).

- Shrouxd

= Control rod drive (CRD) guide tubes

= CRD housings

= Fual assembliss

Ganeric Componeis

Detailed fragility evaluations for satety-relatad cormponents
other than those specific canponents presentad above could

not be made by GE at this stage. Tha fragilities for

Table 19.4-2. (Table 19.4~2 of the ABWR FRA). Demonstration
that the plant equipment/structures have the assumed
capacities is an imterface requirement.




4.3.3.2 Review and Evaluation
pecilic Sthuctaal Pragilities

In the fragility evaluation, structures are corsidered to
fail functionally when inelastic deformations of the
FOuctcre under seistic load increase to the extant that the
cperability of the safety-related components attached to the
structure camot be assured. The ductility limits chosen
twmm‘mmm“mumwcn
anaet of significant structural damage. These definitiors
of failures modes are consistent vith the seismic PRA
practice.

The potantial of seismic-induced soil failures such as
liguefaction, differential settlement, or slope instability
hmtwumtaﬂattnintimsmt:mmnmhlynu
Geperdent. These modes should, however, be considered when
an ABR location is fimd. This is an interface
requirenent.

The calculations for the following structires were reviewed:
Median Capaciiy -

(9)

Reactor Building Shear Walls 2. 0.45
Contairmert 4. 0.44
RV Pedesta) y 0.44

Capacity statad above is calculated by the
approximats relationship for HCLPF as equal

exp (-2.33 B,). This approximation is consistant
that recammended by the staff in the draft |

These structural fiagility parameters appear to be

reas< able; especially, the median and HCLPF Capacities of
the reactor building shear wells and contairment are Judced
to be achievable. The high capacity of the RV pedestal
would make its failure conmtrilute negligibly to seismic the
oF.,

Specific Componert Fragilities

Oetalled seismic fragility evaluations were performed by GE
far “he rollowing ABWR specific components:

=~ Reactor pressure vessel (KW
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Shuaoud support
Cntonl rod drive (ORD) quide tubes
RD heuairgs

F 0 3

Raactor Pressure Vesse):

The mecian capacity and RCLPF capacity of the RV are 5.3
and 2.4g, respactively. The value of B, = 0.3 usad in the
AR FRA is Judged to be low. A later sersitivity study by
the staff assigned a lower madian capacity ard a hicgher
value of 8.

R Internal Coponents:

The intarmal components examined for seismic fragilities
ard fuel assemblies. Faillure of these conponents could

potantially result in inability to insert the contyvl reds
to shut down the reactor,

The critical failure modes and seismic capacities of these

components Are:
‘ MNedian LYY
S8 e 2ol oY Failure Mode rapacity. § Capacity. ¢
Suoud Support Buckl ing 1.90 0.82
CRD Guide Tubes Buckl ing 1.70 0.88
RO Housing Plastic Yielding 3.90 1.34
Fue! Assemil ies Charmel Buckling 1.30 0.58

Although these capacities are generally higher than those
reportad for these components in past Boiling Water Reactor
(BWR) seismic PRAs, review of GU's calculations did not
rwoalmymmtortwuin;mabw-capaczmum
for fuel assemblies.

The seilsmic capacity of the fuel assemblies was calculated
by GE as corresponding to a center deflection of 55 mm, at
“ich scram can be achieved. However, the moment
correspanding to this deflection is not the collapse moment
as used in the calculations. It is some value between the
yield moment and the collapse moment. Therefore, the median
ultinate capacity of the fuel assemblies is less than the
median value of 1.3g. In a sersitivity study, the staff has
used a value of 0.92g9 median capacity to estimate the
accidert sequarce frequencies.
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Detailed fragility evaluations for many safety-related
Camponertts oould net be made; therefore, GE has assigred
JENARIIC salsnic fragilities Jor these cooponents consistent
vith design requirements of the ALNR Reguir-ments Dhoument
(Refererce 19.2). Table 19.4+2 shows these QuNar.C
Assigmerts, These capacities are orsidered by GE to e
achievable for the ABNR with evoluticrary imporoveosts in
the seismic capacities of comporents desiged to SSE of
0.3g.

The review of these fragilities focused on the
reascrallensss of these estimates in light of the ABWR
SelSmic design criteria and based on actual performance of
similar equipment in tests and real earthquakes.

e seismic capacities assigned to the following five
components differed from the ALNR Requirements Document :
cable truys, large flat-bottom storage tanks, acoumulators,
alr-cparatad valves, and heat exhargers. These capacities
mmlymmwmmuwmmput
selsmic PRAS. If credit is taken for these highes
capacities in the PRA, theil values should be proved later
whan the design and irstallation are completed. When
considering the impact on COF ard risk, it is notable that
anly large tanks, discussed further below, are considered to
be important. This is due primarily to the relatively low
selsmic capacity of large tanks and their past contribution
to risk in PRA accident sequences. Details regarding evalu-
ation of other components can be found in Reference 19.20.

As discussed in Section 19.4.3.3, the staff h's Judgea that
the generic fragilities for the following caponaTts and
Structiures used in the ASR FPRA are optimistic. Although,
the staff sersitivity analysis did not indicate a maoar
impact on the COF or HCILPY estimates, demonstrating that
mesccmpormaohawmtmdmpacitiumyhn
difficult task on a specific application. This is an
interface requirement. To assist GE in its response, the

staff has included a list of components for which specific
information should be developed now.
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RSN Fragility Estinate

Beview ABDER
Diesel Generators 1.5 2.5
480V MCC (also SW MOXD) 1.5 2.5
Battaries and Fooks 1.5 3.0
ABR Pual Assenb) ies 0.9
RHR Heat Bxchangers 1.4 2.0
Fire Water Tank 1.4 2.8

The issue of "achievability" should also take into acoount
the fact that, for scoe sysiems, the fragilities of

Components at varicus locations is represented by a sirgle
value.

The standardization of all Category I structures needs to be
confirmed so that the applicability of structural
fragilities calculatad in this PRA to all future ABKR plamts
can be assessed.

Large Flat-Bottom Storage Tanks:

Although the ABRR FRA report (Table 19H.4-6) states that the
meclian capacity of these tanks is 2.1g vith B, of 0.45, the
only tank used in the seismic system analysis (see GE's
response to Question 725.72, Reference 19.56) is the fire
tank, with a generic assigned mediun capacity of 2.8g
B, of 0.45, This makes the HCLPF capacity equal to

Experience with design and actual performance
arence 19.61) of these large yard tanks is that this
gh capacity is not generally achieved. Therefore. use of
& madian value of 1.43g with a HCLPF capacity of 0.50g is
made in a sensitivity analysis.

below,

Dieseal Garwrators:

1

L’?;E

GE has assigned a median capacity of 2.5 with a 8 of 0.45
to the diesel generators. This mears that the HCLPY
capacity is about 0.88g. Although diesal generators by
themselves have high seismic capacities, the peripheral
equipnment required for the diesel generators to cperate can
have low capacities. These include diesel oil day tanks,
control cabinets, air receiver tanks, accumulators,
carpressors and motors, lube-oil coclers, fuel oil transfer
parps, heat exchangers, heating and venting equipment, ets.
Same of these camponents have been modeled in system "B
(defined as loss of offsite power, loss of emergency power
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previcus seismic PRAs. Tor example, tho HOLPF capacities of
motor control centers (0.88g), relay witches (0.62g) ard
battary and battary racks (1.05¢) & aar to be too high, In
the u;-itivity analysis the staff & assigned differen
fragility values to these cxponmnts. Demonstration of
these capacities is an interface roquirement.

Relay Chatter
cmmmmwtwmay:mm‘-

treated in the following manner: Only the scram systen
function is required during a seismic evert. This function

4
;
§
i
_é
3
.
:
:
i

for this capability in seismic analysis.

Mwwmmnmm&mumm
failure could prevent safety actione after the seismic

equipment (2.5g) was more represantative than the specific
relay chatter valuy (2g). Also, the type of awxilia: -
relays used ternd 0o be the most

would have a capacity above 2g. The mult. plexor astput
devices for BCCT and RHR operati

5
:
:
E
:
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solid-state devices (rather than relays), so that the relay
chattar failure mode dous not apply. Demonstration of these
capacities is an interface reguiresant.

Heat Exchangers:

Because the selsmically-induced failure of the FHR heat
cauld result in a sgpression pool

© and loss of melt-release scrubbing capabllity, the
seisnic capacity of this exchanger is very impartant to risk
astimates. It is the f's wderstarding, based on
discussions in & conference call, that GE may ircrease the
median capacity of this camponent to 2.8g from the
median capacity of 2.0g.

:

Other Fragility Related lssues

The potantial of seissic-induced soil failures such as
liquefaction, differential settlement, cr slope stability is
not evaluated at this time since these are highly site
depandert. However, these modes should be considered when
the ABWR is sited. This is an interface requirement.

No analyses ware conductad in the ABWR PRA for the potential
failure of non-safety relatad structures and equipment which
could affect safety-relatad functions. GE stated in
19 a

a

plant :
of construction drawings and documents will be parformed
verify that the assumed seismic capacities ¢re met or
oceadad. The staff concluded that the plant specific
walkdown is one of the most important interface
and shauld address the potential for failure of non-safety
&z well as safety related coponents. The walkdown should

anchorage gross
deviations from the design documents, and identification «
failure modes not analyzed at this time. This is an
interface reqguirement.

G imdicated that ABWR fragilities are achievable and
designed to withstard a Fegulatory Guide 1.60 design
response spectnum with a zero pericd acceleration of 0.3g
SSE. However, the staff finds that this design gromd
motion may not envelope the site-specific spectra for sites
near some areas in the eastarm and central United States
(such as sites near the New Madrid Seismic Zore ad
Charleston, South Carclina) and sites in the western U.S.,
in addition to sites along the California coast. Included
in the staff finding is the significant role that soil
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aplification plays at sites where the badrock is overlain
by a layer of soil.

Itvi.uh-mtarwlimtaMtlplmt-
specific probabllistic selmic hazard aralysis in
mﬁmmz.s.z«mwmpm.
nummmu@mcmmum
hnrdmtnﬂn&lll&\mmw

GE's genaral approach used in devaloping desion roacific
fragilities is oormistent with past FRA practices. ‘The

staff has only idetified one camponant. (fuel @ serwolies)
whare altermate values are suggestad for the sansitivivy

fragility prrameters rurmmmdmmm
effect of fragility assigment on the seismic-induced COF.

muotthumxuvitymnymdimins-cﬂm
15.4.3.6.
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Critical human arrors are idenmtified and included in the
analysis; however, they appear mainly in the event trees.
The inmportant cperator actions modeled in the fromt-end
seismic analysis include the following:

(1) Cperntor falls to inhibit ADS during an ATWS

(i1) Operator fails to initiate SIS during an ATWS

(1ii) Operator fails to control flow during an ATWS
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($v: TN falls to dapressurize the reactor in a
wolled ey, to parmit use of lowpressue
Lrieccaon

(v) (peratar falls to imject firesatar {mo the RV
(vi) Operator falls to isolate failed JSR haat &xharngers

The staff's dviajled evaliwtion of fault trees, in genaral
is described in Section 9.7.5, Calculation of Crrn Dicmce
Frequercy Dua to intarmally Initisted Everts. Several
saisnic spacific cheervations with regerts to fault trees
are described bulow,

'

At this time it is not possible to include ary spatial-
interaction type of failure medes (@.¢1., valve stam
impacting a neer by piping or wall) or flow diversion
mxmmmmmmmmwmmm& system
tvallability. The use of a single fragility value to
reprvsent, say all valves in system, doee rot take irto
Aot location effects. In other words, wher a fragilicy
is charactarized by a failure prabability conditiored on the
coauTEn e of the peak ground acceleration: thecretically,
the sae comporm it on different locations shauld have
differwrt fragility curves as different locations will
eperiuoe differwt responses to the same ground aotion,
The staff assunes that the generic fragility values used in
the ABR A represant the oomponet location which will
@parience the most adverse respores; fragilities for other
locations shauld be lover. This cbservatios is Laportant
light of the conoept of “achievable® fragilities discusse
in Scction 19.4.3.3.

-

T anove twy cbservations Righlight the need for imterface
Fecuirenants and devel: mant of gquidance to implemant these
fequirements. Some mlarface requirsrests are discussed ir
Section 19.4.31.83. The staff has reguectes GE to provide a
Alscussion o the "design coms true (LD ® principle to
A% e the atuevabll ity of the estimacad fragilities based
o che curtent desiq: puactiom:.

4.3.4.2 Selsmic Evars Tress

The selsmic event ‘rens consist of a seismic Spport ate
event tree and thres seismic fromt line trees. Tese troes
are descrined in Appendix 191 of the A& IRA. e seimmic
SUPPQrt stace event troe starts with seismic zvents (low,
maerate to high imeraity). The flrer eve:r tree top evert
inguires about whether strucaoal failure has ocourred, the
Sacunc op avent consicers whether or not offsite power is
lost ard 80 on. loss of structurs intagrity is assumed to
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lead to core damage based on the grogxirules of the analysis
ard the relative valuss of selsmic fragilities, and suvival
of of “‘ce power results in a sucoessful event termination.
The three fromt line tress represent the diverse entry
corditions from the support state trwe and various cparator
actions as follows: (1) loss of offsite pover (1LOOP) with
scram; (2) LOOP without scram with several oparator actions
to initiate the stancdy liguid comtrol (SIO), and initiate
low pressure injection at & later time in some seguences
whan the high pressure imjection fails; and (3) LOOP without
acram with no initistion of S17, but with cperstor action to
achisve mhutdown by contrulling 15 to prevert reactivity
increase by boron dilution.

The seisnic cataiyment event trems, per se, are not
evaluatad in this section. However, in certain seguences in
which thare is initial suoosssfil cuxw cooling, the

l1ikel ihood of core damage daperdds on whether the contairment
hast repoval functions are available ar rot. 7o this
axtant, the evaluation of the cortairment event trees is
descrilsd in the net section, Accidst Seguence Definition.

4.0.4.0 Sumary Bvalustion of Syotem Modaling

As discussed earlier, the fault tree modeling essertially
includes only the seismic-induced hardvare relatsad failures
(both structural and functional); no rmatial interaction

failures are incorporated at this time.

T™he ror-seismic fallures are integratad in the
Quantification at the systam level. The human actions are
incorporated as top events into the event troes.

4.3.5 Accident Sequence Definition

Accident sequences are developed using the event trees described
above. The accident seguences are classified into three basic
classes ad several sbclasses as shown in Table 19.4-1.

Rughly speaking, Class I events are transients (or ATWS) with
loas of core cooling, Class IT events are events with successful
core cooling, but with loss of contairment cooling, and Class IV
everts are anticipatad transients without scram (ATWS) without

boron injection, but with core cooling available.

The evaluation of Class TI sequences is discussed below. Mwu
the case with intarmal everts, the Class IT events
mmtrmmmtruamlysismmrﬂnrp.w
through a seismic contairment evert tree (see Fig. 197.5-6 of the
AB{R FRA) to give credit to RHR recovery for containment heat
removal ‘failuwe probability = 0.66), continued core cool ing
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(fallure probability = 0.01) and fire water (failure probability =
0.1).

¥ (see Fig.
ISRT.5-7 of the ABWR FRA) was also constructed for all the Class IV
evants, including Classes I, IV-1 and Iv=2,3,5. Qedit vas given
to RR recovery for contairment heat removal (failure probability
= 0.93), continued core cooling (failure probability = 0.17) and
fire vater (failure probability = 0.1). If continued ccre cooling
fails, however, mmummmzmmmm
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AR FRA, thwr largest comtridution (about 95 peroent, o
danage freguency comes from Class 1 secgueroes
& total selsnic COF of 2.7 E-7 par year. However,
of the different treatisent of Cleases I and IV seguerces
f reguatifioation discussed in the next section has
tad in two different contriastions.

In this saction, the results of the staff reguantification of
sccidert class freguencies are described from two perspectives:
(1) The first requartification is based on the “systes mode) irg"
msoer ldetified by the staff's review. The treatment of Class
II and Class IV seguences s modified as discussed in Section
19.4.2.5 above, and sae of the noreseismic failure probabilities
("randon® fallures) are revised to e corsistent with the staf!
evaluation of the intarmal evert analysis; (2) The ¢ oredd
requantifioation disoussed hare is with respect to severa)
Altarmats zard curves based on the LINL and EPSU Bastern
Selsmici., stidies (Refurences 19.5%0 ard 19.60),

The staff approach to reguantification i{s scmewhat different than
the AR FRA soproach. Detalls of and differences betvean the two
agproaches are discussed in Refererce 19.20. Both approaches give

easertially the same results using the same data verifying the
adeguacy of the guantification appmuach. The staff Has performed
the requantification using the Boolean eguations developsd for
various swident classes. The use of the Boolean equations has
allowed he staff to deelop socident class level fragilities to
develop maryin irnformetion.

4.3.6,1 TFassessment of the ABMR Seisaic Core
Damage Freguancy ~ System Modeling Issoes

T™he mean arvual frequencies for the nire accident classes
caloulated by wsing GE's hazard curve (extanded up to 29)
ad fragility data are shown in Table 19.4-1, where GE's
best~estinate values are also shown for comparisan. The
total seismic COF cbtained by the staff is 1.3 E-08/ry,
about a factor of five larger than that cbtained by GE

(2.5 E<07/ry). The combined mean arvual freguency of all
Class T sequances 1s 6.2 E-07 campared to GE's value of

2.4 E~07, 'mnlnwvulmobuimdinmmrtmnymn
be attributed, in woet cases, to modificatiors of

and changes in random fallure probabilities (Table 19.4-4)
and comtributicns from earthquakes beyond 1,259, The mean
arrual frequency caloulatad for Class IT events is 5.7 E-06
conpared to the ABNR FRA value of 4.8 E<06. The staff value
was reduced by an oruwer of ragnitude to 5.7 B-07 by giving
credit to oontalrment venting. (The failure probability of
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0.0 mainly includes functioral fallures of the vert o
FyStax, Sch as the falluwe of the rature disc, for whico
Gata 16 scarue. Note that the AR seisnic FRA doss not
®Pplicitly anlyze cortaumt venting). The ABKR PRA value
was recuosd %0 3.2 E~09 by processing thoough & selsmic
corrtairmet evert tree, giving credits to RHR recovery,
continued ocre cooling and fire watar. As explained in
detall in Section 19.4.3.5, the staff believes that GE has
overestimated the credit for firewater addition for Class 17

-

Sequences and that a value of 5.7 E-07 is more appropriate.

A represamtative mean fragility aove for o accidert
Class 's shown in Fig, 19.4+3. A mue detailed
discussion of accident class fragilities is in the
nExt subsection,

4.3.6,2 Mean COF for Three Zelectad Sites Using LINL or
EFR] Hazard CQurves

To study the effect of site variations on the calculated
mean COF, three different sites, Pllgrim, Seabrook arnd Watts
Bar, were selectad arv' the hazard curves Jeveloped by both
LUNL ard EPRI for these sites were applied. These three
locations in the BUS were selected because of their
relatively high seismic hazard. By corwolving LINL mean
fazard aoves vith mean fragility cuves for different
sequences, the mean arvual freguencies of the nire accident
classes ware calculated for the three chosen sites.

Table 19.4+5 shows the comparison of total and accident
class core damage freguencies cbtained from the use of

Various hazard aoves (wvith the sequences modified as
discussed above) .

From the chservations of results in Table 19.4-5, it is
Quite clear that the (OFs are greatly impacted by the cholice
Of a hazard carve, The use of the LINL hazard curves
predict muxch higher (OFs than the EFRI hazard curves.
Implications of these e~ mstes on ocparison with the ALWR
Riuirements Document COF and the Comission's subs idiary
QF goal are discussed {n the conclusion section. More
lmporiwnt. to point out here is the fact that the ranking of
the secences is robust for different hazard curves as
highligh“ad in Table 19.4-6. [(This may not be apparent at
the first jlance until it is realized that the mean COFs for
the first two classes differ by a factor of less than two.
Given the rarnge of uncertainty in the COF estimates, this
dillerence is insignificant). The dominant contributors to

3

VArious saquences are listad in Table 19.4+7.




The staff further Urnvestigatad the accident class
freguercies to Gantify the rarges of acoelaration that
aertributs nost significamly to the overall freguercy of
occouTere of the accident CLass suence. A representative
oop le for one hazard auarve and are accident class is shown
in Fig. 19.4+4, Geamrvatiors from this figure charscterize
the geneaal trend;! as sean the comtribution from the
acomlerstion ranges bealow 0.5 is very small., This indi-
cates that vary large sarthguakes must ocour (n crder for
any significant damacoe to be dore to the AR ard that the
desigm is capable of resisting earthguakes significantly
larger than an SSE of 0.3,

The above chearvations are not suaprising in the light of
HOLPF valuss for the accident classes. Table 19.4-8 lists
the HCLFF values for various accident classes, The lowest
value of the accident class HOLPF is 0.64g. In the margin
serme, this can be inmearpretad to indicate that there is »
vary high onfidence that core damage would not occur for
scomleration levels as great as 0.64g. Puthar, the HCLPF
values do not represent a cliff beyord which the capacity
decreasss sharply. In fact, for the fragility of the IB-;
saguance ahown in Fig. 19.4+), the madian value is ap-
preximataly 1.8g. It is also jmportant to note that the
proper acoounting of the random fallures in the combinations
whare both seisnmic and randem fallures are involved to cause
an aocident segquence is essential., For example, for Class
II sequences, if contairment venting is not combined with
the fragility of seismic~induoed failures, the inferred
HCLPF value far the Class I sequences will be 0.43g rather
than 0.73g. This point is aleo highlighted in the staff's
draft IFEFE quidance document (Reference 19,%5)

The abows discussion should highlight the fact that the
mmerical COF results for the AWR design are controlled by
pach larger earihguakes which are most open to speculations
because of the lack of recorded data. The mean COF
frequencies are dominated by uncertainties in the high
hazard estimates. At the same time, the ABWR plant, with
the assigned fragilities, is shown to be a rugged plant with
respect to a 0.3g SSE. Therefore, the staff, corsistent
with the recamendations in the draft IFEFE guidance
docament, balieves that the use of bottom line numbers
shauld not be a scle governing criterion to determine the
adequacy of A design.




Ureertainty and Sensitivity Amal vses
4.3.7.1 Unoertalnty Nalysis

The AR salmnic risk analysis used a single seismic has
Qove vith o egplicit corsideration of Jroertainty .
Sim‘larly, variability in the median seismic capacities of
U comporents and structiowes vas also not oplicitly
accouTtad for., The results from previous FRAS Ldicate that
there is large uncertainty in seismic hazard and 40 some of
the cagporent median fragilities, often result g An orders
of maguiticke variability in core damage freguency. Thw
WoRITALNTY in selsmic core damage frequency vas estimated
in the following by explicitly treating the woertainties ir
felsnic hazard aurves {or the three sites and seismic
fragilities of Conmponents, Variability in the capacity,
for different componerts vas split into rarndamess A amd
Unoertainty B, parts, assuning egqual oconmtribution from each.
The represartative results of seisnic risk quantification
for the Pllgrin site seimmic hazard curves are given in
Table 19.4~9. Nots that the mean values in this table xree
Closaly with the results cbtaired by a corvolution of mear
hazard ard mean fragility cuves, given in Section 19.4.3.6,
This, in part, provides a confirmation for the staf?
recammerdation made in Reference 19,55 regarding the use of
wean hazard and mean fragility auves to approximataely
obtain mean COF values.

’

in order to Zifferertiste betwesn the contributions of
unoertainty in fragility from the uncertainty in hazard,
Salmmic risk guantification wvas repeated using median (A,
ard £, values for fragility with a full set of hazard
auves. Comparison (Teble 19.4<10) of the arrual frequency
Values with the ariginal results indicate that the
cantribution of uncartainty in fragility is negligible ard
nost of the uwertainty in core damage seqguence fregquencles
is due to uncartainty in the seismic hazard.

4.3.7.2 Sersitivity studies

4.3.7.2.1 Specific and Ganaric Fragilities

in the ABR stardard plant seismic FRA, a limited
nmber of structures and componertts were analyzed
for specific fragilities; the rest of the

CpONents ware assigned fragilities gensitically.

The structural fragilities specifi Aally evaluatad
in the ABWR seismic PRA are for

' §

the reactor
puldirg shear walls, Contalnment, reactor

1 8 -
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pressure vessel and pedestal. These appear in the
systam called SI, i.e., selsnically inducsd
structural fallure. Only the Class IE frequency
is affectad by structural fallures. The mean

arual frequency of this seguence is caloulsted

4.9.7.2.2 Mtarmative Fragilities

The accident class mean freguencies were
caloulated using different seimmic hazard curves
and altarnative seisnic fragilities from

Table 19.4-3, Table 10.4-11 shows the results,
uding HCLPF values resulting from the use of
different fragilities. It is seen that the mean
amual frequercy of Class IB-2 increased by about

3

4.3.8 Sumary of Results, Interface Requirements, ard Conclusions
4.3.8,1 Sumary of Results

Table 19.4~12 sumarizes the mean CIF of various accidert

cm-mmmmmmrmnmmuqm
uucmam.mvtmmmmrmmw
mm:uwummmmmmmmmmcy

valuas). Note that all of these results are cbtained from
uncertainty analysis, The total COF of all accident classes
due to seismic events ranges from 4.6 E<05 to 8.5 E-08, If
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A review of the HCLPF capacities for different accident
uwunmmwumm.
Table 19.4~12, it can be seen that the two classes with
the lowest HCLPF capacities are Class [B-2 (HCLPF = 0.64 q)
ad II (HCLPF = 0.73g). With the altarmative
fragility estimates, these HCLPF Capacities are changed to
0. ard 0.7 respectively, which are still about twice the
plant SSE. These capacities, therefore, appear to have
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tly analyzad. Although failures of the ECCS lires

relatad valves appear to be implicitly treated, failures
of other contaiment penetration lines (e.g., inert lines,
IORT lines, aru puage lines) or contaimment isolation valves
seisnic events are not addressed. This may have scre
on risk integration. The staff has concluded that GE
provide an evaluation of the probability and

consequerces of contalment penetration lines or contairment
isclation valves failing during a seismic evert. This is an

outstarding item.

¥
g
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Seisnic Review Corclusions

Froe this review, the following coclusions are drawn:

4.3.8.2

beyord Safe Shutdown

s
the
acce]
are 0,
that
epuipment exhibit
levels (approximately twice the

isnic capacities are
fragilities

ure modes do not have

ghed se

ty of

these
tcxm'mr-uﬂ

yzed fail

ty significantly

eration

as long as the assi

m
w m,mwmw_mm
HTE H Mm

S
Earthquake acce)

SSE) as

achimved, and unanal
mm

(2) By carvolving the accident class
nxn.tchlmdm,mm
accident clas.es were

standard

are driven

ga

are fairly

fragility and

in different assunptions

ing and seismic hazard on the

uncertainty

unoertainty in

in seismic hazard
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(5) The sensitivity of the accident class fregquercies to
seisnic hazard vas addressed by carparing the results
abtainad using the hazard cwves developad by LINL ad
EFRI for the Pllgrim, Seabrook and Watts Bar sites. The
results showad that, while gruss differences in hazard
mxddals can significanily affect the accidernt class
frequencies, the importance or ordeiirg of different
classes in terms of their conmtribution to the total core
damage freguercy is not significantly affectad.

(6) For the three altarmative sites ecmined, the accident
classes IB-2, IC and I7 were identifiad as dominant in
their comtribution to the total core damage frequency.

(7) The seisnic margins egpressad as the High Confidernce of
Low Probability FPallure capacities for accident classes
IB-2 ard IC are 0.64g ard 0.88g, respectively. For
accidert class I1, the seismic margin is 0.73g.

(8) The ranking of the sequences, and hence contributing
failures, are irsersitive to the hazard selection and
is, therefore, relatively robust,

In , pending the resolution of open items, thn ABWR

plant design from the perspective of seismically-induced

severe acciderts is demonstrated to have a significamt

capacity beyord the design basis. With the assumed

fragilities, tiw computed rarnge of

that the plamt design could be located at many of the EUS
4

E
9
5

sites with the likelihood that the CIOF will be
1E4. In

of intarfacing

site/plart specific seismic

invalidate the above conclusions. These conclusions are
basad on the core damage accident sequences induced by the
seismic events, the review of consequence analysis and other

4.4 Interface Requiremerts for Other Extarnal Events

1.

The starf, corsistent vith the recamerdations of
Refererce 19.53, perding the staff review of the ALKR
Requirements Document, requires that a site and design
verificstion be performad when & specific site is selected
for the extermal events, such as extermnal floods ard

tion hazards, for which no analyses can be
performed at this stage.
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The probabilistic analysis for inmtemal floods must be
performed when a specific site is selectad ad the plant is
ilt.

4.5 BExtarmal Everts Review Coclusions

view findings for the tormado strike and seismic events are discussed
in Sections 19.4.2 ard 19.4.3.5.)3, respectively. With respect to other
events, GE has not conducted any guantitative analyses. It is concluded
that scme guantitative analyses should be performed for fire ard
intarmal flood hazards. For other extarnal everts, such as external
flocds and transportation acciderts, site specific evaluations will have
to be performed to demonstrate no adverse impact on the risk from these

events. Walkdowrs are the major interface requirements for the external
events.

For the seismic arnd tormado events, the design, vith the ass 1gned
fragility values, has been shown to be rugged for the beyord design
basis events. The computed COFs indicate that the design can be placed
at most of Uw EUS sites, However, a corsiderable Utterface rech renert
evaluatian will be neaded on a site-specific application to demonstrate
at assuptions made in the PRA are not gressly violatad ard the site
Speclfic featres do not adversely affect the camputed COFs or other
insights.
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Table 19.463 Alternative Fragci)lity Values for Selected Camponents
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Table 19.4-4  Random Faflure Probabi)ities Used in Quantifying Seismic Core Damage Freguenc v
(Staff Requantification)

Seigmic Rancam Failure Ervor Factor
Event Tree Probat 111ty for Lognorma |
Top Event Definition (Mean Value) Distritution

Scram and AR failure.

Fatlure to initiate SLC.

Faflure to initfate SLC follawing

fatlure to inhibit ADS.

Fatlure of fire water.

Flow contro) /alternate boron.

RE heat exchanger failure

Loss of offsite power.

SRVs fail to open.

Fallure to inhibit ADS.

SRVs fail to reclose.

SRVs fail to reclose during ATWS.
power  amergency service

water,

Structural integrity.

Failure of HPCF (1 out of 2).
Failure of RCIC.

Failure of RCIC (ATWS).

Fatlure of LPFL (1 out of 3).
Fatlure of RR (1 out of 3).
Fallure of AR (2 out of 3).
Failure of manual depressurization.
Fatlure of manual depressurization
ésuum blackout ).

2t lure of marwal depressurization
(ATNS).
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Table 19,45 Advanced Boiling Water Reactor Design - A Summary of Mean Core Damage frequency Baseo on BN
(Internal Events) and EQF-BNL (Seismic Events) Requantifications
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Table 19.4+7 Dominant Comtributors to Accident Class Frequercies Based on
mm«mmmm:m-mtwmwuuu

Rank Order
of Accident
Mean Armual Class
Accident Frequency
Class Dominant Contributorse
IA 2. E-7 9 Mostly high capacity dawles ard triples
IB-2 2.2 B8 1 Invertars, 480 V AC trarsformer, Service
Water Pup
Ic 1.8 E-5 2 Fuel Assent) ies
D 3.5 E~6 € Motar driven pumps
I 7.3 E~6 . Reactor building, contrel building
o4 1.3 E-5 h ] Invertars, 480 V AC trarsformer, service
vater pap, motor driven purmp
v 4.2 E-6 L Metly doubles
IVl 7.1 B=7 8 Mostly daubles
Iv=2,2,% 1.5 B 7 Mostly deables
Total 6.9 E~5

* Loss of offsite power is assumed to ocoour at small earthquake acceleratisn values.
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Table 19.4-9 Arrval Core Damage Sequence Frejuencies Caloulated using LINL Seismic
Hazard Quves for the Pllgrin Site

Sequerce  HCLIF (g) Mean Median 5% Confidence 95% Confiderce

IA - 3.6 E=07 1.1 E=08 5.6 E-11 8.0 E~07
-2 0.64 2.7 E~05 1.2 E~06 6.5 E~09 6.7 E~05
IC 0.88 2.3 E=0S 6.8 E~0? 8.5 E~10 $.1 E=08
D i.01 3.8 E~06 1.4 E=07 7.2 E=10 8.7 E«06
IE 0.91 9.5 E~06 1.8 E<07 2.0 E=10 1.9 E<05
IIe 0.7)ee 1.3 E-0S 8.6 E<07 1.1 E~08 3.7 E=02
w 0.86 5.6 E-06 1.6 E~07 3.8 E-12 1.2 E=05
V-1 - 6.6 E~07 1.8 E~-08 5.5 E-11 1.5 E=0¢
IV=2,3,§ =~ 1.9 E~06 5.8 E-0¢ 2.4 E-10 4.3 E~06

* Pailure probability of contairmest venting (0.1) is included
** HOLFT withaut containment vert.ing is 0.43qg.



Tabie 19.4-10
| With (~ ',' ’.’
5%

Seqence  Mean Median Conf idence
IA 3.6E-O7 1.1E-78 S.68-131
iB-2 2.T74E05 1.15E-06 6. 46E-09
IC 2.28E-05 6.78E-07 8.51E-10
iD 3.76E-06 1.27E-07 7.17E-10
iE 9.45E-06 1.82E-07 2.04E-10
I 1.30E-05 8.588-07 1.05E-08
v 5.57TE-06 1.63E-07 3.7SE-10
wv-1 6.58E-07 1.B4E-C8 5.54E-11
v-2,3,5 1.B8E-06 5.82E-08 2.43E-10

mamn—;mummm
Set of LINL Seismic Hazard Qurves for Pilgrim Site

8.0E-0O7

6.35E-05
5.10E-05
8.74E-06
1.86E-05
3.7T1E-05
1.23E-05
1.46E-06
4.33E-06

2.42E-07
2.59E-05
2.29E-05
31.89E-06
1.03E-05
1.05e-05
4.42E-06
6.72E-07
1.51E-06

With (A, B)
5%
Madian Oonf idence

1.31E-08 8.80E-11
1.24E-06 .9TE-09
7.74E-07 1.29-09
1.86E-07 1.02E-09
3.60E-07 9.50E-10
8.82E-07 1.498-08
2.00E-07 6.48E-10
3.43E-08 1.54E-10
9.25E-08 6.63E-10

using (A, £,, 8) and (A, £,) with Pull

Oonf idence

6.5E-07

6.61E-05
5.63E-05
1.00E-05
2.49E-05
31.29E-05
1.13E-05
1.78E-06
4.19E-06



Table 19.4~11 Accidert Class Freguencies for Different Sites with Modified Fragilities
(LINL Hazard Quves)

Class Pligrin Sealrook Watts Bar  Zion HCLPY
A 1.88 B<07  1.38 E<07  2.39 E<07 410 B8 -
-2 5.59 B~05 3. 99 E~05 6.38 E-05  6.79 E~06 0.63
1c 2,04 B<05 1. 42 B-05 2,18 B-05  1.89 E~06 0.8%
m ’0‘, H 30“ M ’o” m ‘om H’ -

bs 4 5.2 E~05 3,71 B05 5.90 E~05  5.44 E~06 0.66
ot 1.96 B<05 1.590 E~05 2,79 BE=05  3.20 E~06 0.70
v 9.84 E-06 6.72 E<06 1.14 B=05  1.37 E<06 0.89
V-1 5.21 B~07 387 B07  6.76 E=07  7.34 E-08 ~
IV=2 1.92 <06 1,58 E<06 2,80 B=06 4.)1 E<07 =
Total 1,65 E=<04  1.18 B=04 1,91 E<04  1.96 E-08
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Table 15.4-12 Moan Core Dam/pe Frequency Based on BN (Internal Events) ang EQC-BNL
(Setsmic Ever ) Uncertainty Analyses

C.O?‘DM Mean Core Freguenc y
to Intera) Due to Seismic Events HCLPF
Acc ident Event’ Using LLNL Seismic Mazard Curves* (9)
Class {/m) 7/'7)
Pilgrim Seabrook Watts Bar
1A 14847 3.68-7 2187 3.7¢-7 -
18-1 i.8E-8 —— —
18-2 6.16-9 2.7E-5 1.66-5 2.6€-5 0.6
18-3 6.4E-10 B —
IC 8.0k-10 2.3k-5 1.2%-5 1.8~ 0.9
D 1.1€-7 3.86-6 2.2 3,66 1.0
1€ —— 9.56-6 4. 766 1.56-6 0.9
Il 2.8 1.3(-5% 6.9E-6" 1.26-5% 0.7
111A 5.36-9 — — — —
1110 1.3(-¢ —— ——— ———— —
v 2.3-7 5.66-6 3166 5.2 0.9
V-] R 6.6E-7 3.7 §.76-7 —
Iv-2,3,% i 1.%-6 1.6 2.06-6 -
Tota) 7.0-E-7 8.56-5 465 7.66-5

. A1l sites considered are enveloping sites with respect to postulated seismic events.
.- For Class 11 seismic events, credit {s Yﬂm for containment vum‘n? by assuming the
5 F I seismic by a

failure probability of venting to be 0 This reduces the Class
factor of ten.
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Selanic Hazard Curve
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PROBABILITY OF EXCEEDANCE PER YEAR
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PEAK GROUNC ACTELERATION (g)
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Fig. 19.4-3 Mean Fragility Curve for Sequence 18-2
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19.5 INTROCUCTION 70 T™ME LEVEL 2/1EVEL 3 RETEN

ad prevert its damage. n-ammmu-mm.m
Wyhﬂvﬁnam-&t,v—mm.wm

lm,mmvaﬂumumg\umwmt-wt
mmmmuumumazmmmmummummm
taru releasass.

O'l“.?ﬂlﬂhhﬂmﬁmmwumo{nmu-um
tcnﬁotmmmmcmmmnummum
were

floodar, tuuwmm;,mmotmm“mm

wvirament (i.e. normal leakage, leakage paretrations), the magnitude

of the release (low, madium, high), and the of the release, imo

o) saurve terms. Graps that had regligible fregquencies were combined with

m-mmW.Wc‘bqu.wmf&mmm
Aamage frecuency. For eacn grop, sante terms were caloulated with the

GE's Levid 3 amalysis, of "-6its consequences vere calculated with the CRAC2
code. Consequences were determined at five sites, each representing a
gecgraphic region of the U.5. The results of the five sets of
mmummmmwummuuvm“umym.

C'lMW&WNwWWMhﬁmpimmm
mmmmtmwmuwmmg-mmm
Qop. Awmtwummwmmlpl by the
mummwwuw.pmmmuotm.

The staff's approach was different. At sach stage of the analytical process
(with the exception of off-site Conaagiences) , uncertainties in a few key
partTeters ware estimated and combined to estimate the in the risk
est sates. These ind’* dual uncertainty estimates are described the
mmmmma(wumn.nwmw-(m
19.7) and coopared to GE's rele ant point estimates. For the risk integration
(h&tmu.o).mw-ummmmmwmmm
(Reference 19.62) was used, .

GE's FRA is based on informatic: as of Amercinent 8. Iteractions between the
NRC staff ard GE have resulted n design modifications discussed in
amencdments of the SSAR; however, the FRA was not appropriately st od,
Spacifically, the following fea Tes are to be addad to the ABNR but not
includad in GE's PRA:
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¢ Strergthened drywell hesad such tat the ultimate stregth is increased
from 100 psig to 134 peig.

¢ Lower drywell wall and floor composition of basaltic corcrete, instead
of limestone corcrete.
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19.6 CONTAINMENT PERFORMANCE

6.1 Inroductica

The review o= “he ABR contairment perforrence utilized several types of
calculation:. Tochastic assessmat of 1.9 overall performance was
aone in the cxicalrmant event tree analysis. Determiristic ASS@SSMerT.S
vere done with tis MELOOR (Reference 19.65) and the STCP

(Reference 19.66) codes.

6.2 Methods Diccussion

\miuotm‘mmumwmmmutInM\Mmof@'s
assessment of wocidant sejuence progression characteristics following
trncrnctotmdamqnudt.owaluamcmmtunmdtmtx‘q«m ;
the thieats to the contaimment and sarve ternm releases. The abjecti\ ws
of miuﬂqtmcmwmmmmmmlamotmm,
assess the significance of ABWR features and operator actions to CET
results, and assess GE's conclusions based on the outoome of the CET
analysis. The analysis and the review are described, the firdings are
presentad, and irplications and relationships are discussed. The parts

oft?nd.‘ft!atm*miws*mmmw,mmmof
the CETs, the data, and the assumptions.

The CET should reprecent a logical and consistent way to ascertain the
various accident progression segquences. There are ‘our aspects to this,
namely, charactarizing accident progressions, determining the
relationship between severe accident phoncmena, guantifying the
probability of accident progression groups, and quantifying source
terms .

In the level 1 portion of the PRA. ioth GE and the staff es*imated the
“Te damage frequencies (T0F) based un several assumptions regarding the
availability of the gas turbine generator and the fire water system.
Ancnyy the possible cambination of assaptions, GE selected the case
mmymwmmmmuwwlmu. ot the
firevater systam. In the staff's base case, both the gas twrbine
generator and the firewater system were assumed available. The
significance of this is di: ssed in Section 19.6.4.1. Hare, it
suffices to say that the assumptions influencs the contribution of
mimtypuotax-dsmaeqmwma@mofunm.

6.2.1 GE Amalysis

The results of the level 1 portion of the PRA are graped imo
similar outoomes, called accident classes or plant damage statss
(PDSs), that describe the condition of the plant at the onset of
core damage. In GE's analysis, each PUS has a separate CET (all
of which have a similar structure), and which includes recovery
actions where appropriate. Calculations from the MAAP code
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(Reference 19.67), an industry code, were used as the basis for
developing and analyzing the CETs.

Compared to the CETs in the NUREG-1150 study (Reference 19.62),
whare there are 125 questiors in the Grard Gulf analysis, the C¥Ts
bullt by GE are small and are caposed of a minimel rumber
(usually nine) of more general guestions defining the branch
points of the accident progressions. Most of the CETs have nine
sch Questions relating to the following areas of an accident
progression:

¢ Depressurization of the RCS.
© Availability of conmtairmert heat removal.

o Cnnne.ltanmt.intrnrucmrvmluamutotmmuy
of aone of the BCC systaus.

¢ Contaimment failure at the time of vessel failure as a direct
and immediate consequence of vessael failure.

© High temperature failure of 1he contairment as a result of
core debris in the upper drywell.

© Prior o reaching the contairment failure pressure, core melt
arrest in the lower drywell as a result of recovering an BOCS
fmnction ar the addition of firewatar.

© Quanching of the core detris in the lower drywell by the
passive flooder system.

© Recovery of contairmert heat removal prior to contairment
failure.

© Venting.

The branch point probabilities of the CETS were quantified with
point estimates which in twrn were multiplied together to
determine the likelihood of the accident progression.

GE did not analyze uncexdainty. In contrast, the NUREG-1150 sty

(Reference 19.62), propacgatad probability distributions throughout
the CEl's w es” imate risk.

In addition, several phencmena were not included in GE's CETs hut
which the staff considered important in contairment performance.
Such phencmena include in-vessel fuel/coclant interaction, ee-
vessel fuel/coolant interaction core/concrete interactions,
difect comtaimnment heating, ar. drywell/wetwell sppression pool
bypass .
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6.2.2 Staff Review

The staff's review consistad o an audit calculation based on GE's
CET. GE's CET structure was modified by making simplifications
ad additions to the CET. Modifications to the CETs were as
follows:

Qutcomes of the CETS were consolidatad into fewer, slightly
Bore general groups.

Umecessary questions were eliminatad, such as when certain
phenomena or events always ooour,

Questions were added wyd a few Questions were rewarded to
accout for missing phercmena and events.,

More important than modifying the structure was the staff's
attampt to accougt for, in an approximate and preliminary way,
Sane phenamana known not to have been taken into account in GE's
(ETs, such as direct contaimmant heating and ex-vessel fuel,
cooclant interaction.

The staff took into consideration scme threats to the cuntairment
ford in other studies, such as the NUREG~1150 study

(Reference 13.62). Scme phencmena, such as hydhrogen combustion
and liner me,.~through, could be eliminated bacause the ABR
contaimmant is inertad anxi the ABWR reactor cavity is configurec
to prevent core debris impingement, respectively. Another pheno-
mana, design basis accident pressure load from a blowdown of the
Jeactor coolant system following a failure of the reactor vessel,
could be eliminated because the staff assessed that the design
strength of the contairmert /134 psig) is capable of withstarding
the peak pressure spike (40 to 50 psig) frowm this accidant. Two
phencmena that could not be dismissed were direct contairmestt
heating and ex-vessel fuel/coclant intaraction. As described
below, the staff briefly treatad these phencmena differently than
other pherncmena in detarmining the fractional comtributions to the
accident progression group frequ Y.

The estimates of contairment loads associated with direct
cxrtainment heating and ex-vessel fuel/coolant interacticon were
determined with a Montas Qarlo sampling prrcedurs. The pressure
loads were cbtained as a distribution from the NUREG-1150 analysis
(Reference 19.62) of the Grand Gulf plant, which has a similar
power rating and drywell size as the ABWR. The uncertainty in the
AR contalment strength was estimatad to be + 20 pei of the
mean ultimate m.ammm stength, based on the NUREG-1150 study
(Reference 19.62) and the staff's judgment. Both distributions
were sampled usl :; [HS (Ref 19.67), a type of Mante (arlo
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sampling. The staff's calculations were repeatad with an
uncertainty in the comtairment strength of + 40 pui; little
difference in the distrihution of accident PIogr.S8ion groups was
chaarved,

The staf’ indeperdently estimated the distrilbution of accidert
progression groups using the staff's CETs and assunptions
regarding the integrity of the cortalment (intact or falled) and
the status of the RHR systen (available or unavailable) for each
class of accident sequences within the accident progress ion
pativays. The results of this determination are shown in Figures
19.6~1 and 15.6-2; these are poimt estimates, which, exept in the
Treatmant of direct cortairment heating and ex-vessel fuel/coolant
interaction, reflect the staf's englneering judgment of a
reascnable selection of irputs.

Simplified point estimates of the effects of direct xyrtairment
heating and ex-vessel fuel/coolant interaction were determined by
unpli:qttnmxumtymmmloadimum'a
contalirment strength forty times. When the pressure loading wvas
greatar than the contaimment strength, the saple wvas coutad as a
falled contairment ard vice versa. The point estimate of the
early camtairment failure probability was taken as the number of
failure trials divided by the total rumber of trials. The staff's
analysis indicatad a contairment failure probability, conditional
an vessel breach, due to these mecharisme (after the containment
design modifications) of 0.11 for the high pressure vessel failure
Case ard 0.04 for the low pressure vessel failure case. Thews
point estimates, which were factored into the staff's CETs,
replaced GE's prubability values of 0.001 and 0.0, respectively,
for contaimment failure at the time of vessel failure. The
mumaumumimmy.mmuof
mumtwwammmmmmwmm
interaction to the intagrity of the contairment because the

staff's analysis is based in part on an analysis of another plant,
Grard Gulf.

In the review, maxplmtyotmﬂmbmtrmtm
NUREG~1150 study (Reference 19.62) to represent potentially
significart threats to the cortairment Preciudaed the staff from
readily accounting for them directly in the CETs. These phencmena
include drywell /vetwell bypass, the effect

fuel/coclant interaction an in-vessel core recovery,
mmm;mmlamqmlwuclmdsmm

ex-vessel fuel/coolamt irteraction, the effects of a care/concrete
Uwactimmtmintegntyotmrmtorpmtal, and the
effect of venting on the accident Hogressions. Consideration of
same pheicmana, such as drywell /wetwall bypass and vent setpoint,
was inferred but not directly factored inte the staff's CXET
analysis.




Ithwclmhoduud-iqndifrminwcummm

and Grand Gulf would modify the contairment performance predicted
for Grand Gulf in the NUREG~1150 (Referemce 19.62). Four example,
the Grand Gulf plant has a standard atnosphere in the

Questions

of the CETs. Sufficient delinsation of the accident progression also
requires . CET analysis having questions that allow for sufficient
resolution (i.e. detail definition or description) of severe accident

19-102



M’mwmmnmem&.mmmm
ways ; itw\urwtmmbuitytammmmt: it can have
mmmnzmofmalwmmmam

° m.mumMmmmmummm

© amimmtammmdn‘ammqu
hwuihlytodmmmmuﬂmnwnalw
corditional mmtyotmmunmbymm.
'numtfcanidnnitanmmptummidxm
potentially threaten the integrity of the contairmer.

o @midctmtmmnmo@laimanma
fuel/coolant interaction sufficient to threaten the containment is
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precluded by temperature/rressure cornclitions and energy transfers
due to debris particle size (Section 19E.2.) of Reference 19.63),
The NUREG-115C study (Refererce 19.62) allows for the presibility
of rapid rteam generation due to a fuel/ccolant interaction which
potent.ally challenges cortairuent integrity; the staff believes
that this position is applicable to the ABWR.

GE considers the effects of bypass areas betwesn the drywell and
the wetwall due to notmal leakage and/or stuck open vacuum
be

preciuded on the basis of low freguency and risk,
cartaiment threats due to drywell /wetwe)l

in
ieves that this position is applicable to the ABWR.
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B

auntribution of the core damage frequency guaps for interma)l
e/ants (GE's results are presented vith ari‘imetic errurs
orTectad) and for seismic everts, respectively. Both the GE and
the staff's estimates of the frequency of the accident progression
groups and the associated comtairment responses are shown, Table
19.6~1 deacribes the groups in detail. The alphabetical naming of
the graps links the table with the figures.

Differences betveen the starf's and GE's results from the
contaiment event tree analyses arise because of various
assumptions made in performing the calculations. These
assumpticons include the following:

© The staff took credit in both the Level 1 and the level 2
analysis for a capability to imject firwwater into the reactor
vmlmprwmcnmaxmmms&:tmkcmxmy in
the level 2 amalysis (discussed later in this section).

© The staf’® attamptad to account for uncertainty in phencmena
potantially threatening to contairment integrity whereas GE
did not acoount for such uncertainty (discussed in Section
19.6.3).

© GE's PRA wvas based on the design up through Amerdment 8 of
GE's SSAR (Reference 19.9), i.e. an ultimate contairment
strength of 100 peig and limestone concrete forming the lower
drywell, while the staff's analysis included the design
charges mentioned in a letter from P. W. Mariott, General
Electric Corporation, to C. L. Miller, NRC, datad August 9,
1990, regarding response to NRC/GE May 16 = 17, 1990 Mascing
Discussing Topics (Reference 19.69), {.e ultimate containment
Strength of 134 psig and basaltic concrete forming the lower
drywell.

© For seismic events the major amalytical difference is the
seismic hazard curves (armual probability of exceeding a
specified peak ground acceleration). GE used a seismic hazard
mzwdw-lqndumbowdimwmofatewulectadplm
Sites. The staff's analysis wvas based on three sites having
the highest seismic hazard in the eastern and central U.S.
(Filgrim, Seabrook, and Watts gar), and used two seismic
hazard arves, one developed by lawrence Livermore National
um:mmxmmm.mmmwmmm
Fower Research institute (EFRI). The LINL hazard cuves
generally provide a mxch higher core damage frequency than
either the GE or the FFRI curves, while the later two curves
give rise to core damage frequencies of about the same

magnitude. However, the uncertainty ranges of the LINL curve
are large and encapass the other two curves.
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In Figure 19.6-2, the frequerc; of accident progression grougps of
the staff's analysis is the result of using the Pilgrim site with
its LINL hazard curve, selectad because this gives the highest
core damage frequency of the staff's six seisnic analyses,

The following points can be made from Figures 19.6~1 and 19.6-2:

© Gops (A), (B), and (H) represent the sequences which do not
result in contairmment fajilure or vent actuation. In these
sequences, the core melt is arrestad either in the reactor
vessel (Group (B)) or in the lower drywell (Groagps (A) and
(H)) since the cartaimment couling function (RHR eystem) is
recovered before the comtairment pressure reaches the vertt
actuation pressure. Grogp (A), which appears in the staff's
analysis, is essentially similar to Growp (H), which only
appears in the GE amalysis, the difference arising from
assumptions about drywell /wetwell bypass (Section 19.6.4

\']
«a)

&
and pedestal integrity (Sections 19.6.4.2.3 and 19.6.4.2.4)

Grops (C) and (G) are similar to Groups (A), (B), and (H) in
that there is steaming, either in the reactor vessel or the
lower drywell; the difference is that in the forme:, the
contaiment cooling function of the RHR system is unavailable
leading to a rise in conmtairment pressure resulting in vent
actuation or contaimment failioe.

Grops (D), (E), and (F) repreaent early contaimnment failures.
Group (F) appears anly in the staff's analysis bacause it
represeis direct contairment heating. GE does not consider

direct contairment heating to be a credible phencmencr (see
Section 19.6.3).

In the staff's analysis, a Grap (C) situation does not arise
because of assumptions regarding the availability of varicus
equipnent. The staff credited the firewater addition system for
preventing core damage in level 1. If core damage occours (level
2), then the firewater systam could not have been available to
Revent core damage, hence, it unlikaly to be available to arrest
a core melt in the reactor vessel. However, latar in the accidert
progression, the staff took credit for arresting an ex-vessel ccu
malt progression because thare is more time available to restore
the firewater system than for the in-vessel situation. In
comtrast, GE calaulations did not take credit in the Level 1
portion of the PRA to prevert core danage using the firewater
systam, but thay take credit in the Level 2 portion to arrest core
da age in the reactor vessel using the firewater system.

The treatment of AIWS sequances (Class IV) in GE's internal events
analysis differs from the treatment in GE's seismic evernts
nalysis. GE considered the Class IV sequence to result in an
warly comtaimment fajlure in the intermal everts analysis ard as
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uumtmmmmuim:mmwn. The

staff's reatment of Class IV sequences for internal everts is

lmlum@'luimicmmmofuum. As
above, this accounting has an effect on the results of the C¥T
amalyeis.

To begin, the staff estimated the frequency of the Class TV
accidents to be higher than GE's estimate. The larger

frequency warranted further study of the progression of these
accidents.

of
czrmmwymmmmofw
Class IV accidents is small, lmmzmm@'s

seguences
release of fission products (early contairment fajlure).
However, since its frequancy in the seismic events was
significantly higher, 60 percent, GE performed a more thorough
analysis, where nost of the sequences resulted in late
cortaimment foilure.

|
;
\
i
%
;

not resul
contaimment failure. These accidents are classified as
Grap (A) of Table 15.6~1 and Figures 19.6-1 and 19.6-2.

In the presentation of GE's results for internal and extermal
events and the staff's PRA results for intermal events, the effect
of controlled verting on the conditional cortaimment failure
probability (CCFP) is not specifically addressed. Until this
charge is made, the staff's results (for external events only,
smmnmauyplnm-opswmm; will show
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comtalmment fallure whanever the overpressure protection systen is
actuatad within the first twenty four hous.

Given the assumptions notad in the Group (A) description of Figure
19.6~1 and the above definition of comtaimment failure, the point
estimate of the total corditional cortairment failure probability
(CCFP) for intermal events is 16 percent in the staff's analysis
ard 12 pervernt in the GE analysis (i.e. Grogps (C), (D), (E), and
(G) in Figure 15.6~1); the difference is mainly due to the
consideration of direct contairment heating in the former
analysis. The conditional cortairment failure probability for
early failures in the internal events amalysis is predicted to be
13 percent by the staff and 3 percvent by GE (Groups (D), (E), and
(F) in figure 19.6-1). For extermal events, the point estimate of
the cotal conditional cortairment failure probability is 78
peroent in the starf's analysis and 82 percest in GE's aralysis.
The higher conditional failure probabilities in the seismic everts
analysis relative to the intermal events analysis are largely due
to the assunption in both the GE and staff aralyses that the loss
of power is non-recoverable after a seismic event. Note that the
GE values reported above incorporate corrections to a number of
arithmetic and logic errors identified through the staff's review.
Herce, These values differ from the (uncorrected) GE peint
estimates presentad in Table 19.9-1.




Table 19.6~1 (comtirued)

Accldert
Progression
Group in Figure
19.6~1 ard
Flaoe 19,6-2

0

Rescription of Accident Progression Grome

erough €0 relieve the pressurization. Should the contairmerrt
aontinue to pressurize, the overpressure protaction systam
would actuate

Sequances result in core ccoling being maintained, but
without the FHR systen, the contairment pressurizes. A
failure to vert is assumed leading to cortaimment failure.
The debris from the damaged comtairment disables the systems
maintaining core cooling. With the loss of cooling, core
darage results. Because the contairment fails FTicr to core
dumage and vessel Zailure, the cortairment failure is
considered an early failure.

Sequences result in a rapid pressurization of the
contaimment. The pressurization comes ficm the blowdown of
the reactor vessel, direct heating of the comtaiment atmo-
sphere (decay heat and exothermic chemical reactions), and
fuel/coclant interaction. In the staff's review, as in the
NUREG~1150 study (Refererve 19.62), a fuel /coolant intarac-
tion is not necessarily a shock wave; it may be rapid pres-
surization. The pressure rise in the drywell is too

rapid for the drywell /vetwell Camecting vents (downcomers)
to clear. A structural failure of the contairment in the
drywel]l results.

Sequences result in arrest of a core melt in the ~ontairmernt
wher. the passive flocder systom introduces water to queanch
the core debris. thihinth.&wmp(h)arcm;a(‘
sequence, tha RHR system is incperable. Hence, the steaming
mmmmmumwimmlm

pressurizes the contairment. Eventually, the overpressure
protaction system actuates. NOTE: For these sequences, early

the core debris. mmsﬂmmmmmmc
dolivemdtotmmmmslmpooluarmutofﬂusmmxn
frrm the core dabris, ™e cantaimment does rot Pressurize,
hencs, It remains intact. NOTE: For these saquences, the
Werpressure protection system could be actuated early,
depending on the extent of bypase flow.

% 1148
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Table 19.6~1

Accidert
Progression
Grop in Figure
18.6~1 ard
Elore 19,6-2

A

Description of Sequence Groups in Figures 19.6-1 and
19.6~2.

DanSEtation af Aciiders Suianans

Sequences result in an uncertain response to the contairment
in the staff's analysis whan the passive flocder system
imroduces wvater to the cocre debris. Althougt: the RHR gystem
hwommmmiwmmmimpool
as a result of the stesming from of the core detris,
containpent response is wcertain as a result of two factors.
ﬁm,mmwmlmnw-ycmm
Sppression pool. Unless the wetwell sprays are manually
uwmm&u,mmwmnuua
mmmmmmammnw(rm
19.6~4), ard vent actuation could coour. Also '
to the ucertainty in the contairment response is the
uncertainty in the integrity of the pedestal wall due to
core/concrete intaraction, even given the operation of the
passive flocder system. Should the wall fail, the reactor

msoomrmtmmuszpug,mm
are assumed to fail. 'mnlala;umfficimunmm
mmamnmtmmmmu insufficient.
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Containment Challenges & Responses - External Events
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6.4.2 Discussion of the CIT Results

In light of the low core damage freguencies coming unto the CIT,
e.g. 10 /year (interral events), there are two positions that car
be taken with respect o reviewing the CETs and the subseguent
plant risk. The first position is that the very low frequercies
are believable, which removes any CONCerT Over Cortairmentt
parformance and plant risk. For example, the contairment could be
canstrued as of little berefit since the two NRC Quantitative
Health (bjectives, individual early fatality risk of < Sx10 Ayr
and individual latent cancer fatality risk of < 2)(10‘?’}'! are net,
even without the contaimment. The secand position is that even
vith such lov frequencies, the CETs take on importance in the
cortext of balancing prevention and mitigation as well as
maintaining defense~in-depth., The balance of prevention and
mitigation is achieved in part through the NRC's corditional
contairment failure probability goal of 0.10. It is in regard to
this latter position that the staff pursued its CET evaluation and
as such have identified aspects of the ABWR design that have a

major influence on the CET results. Each of these factors is
discussed in turmn.

6.4.2.1 Drywell VWetwell Bypass

A certain amout of drywell-to-wetwell leakzoe is allowed
far in BR suppression contaimen® as stated in NRC's
Standard Review Plan. In its detarministi~ analysis, GE
addressed certain aspects of this drywell/wetwell bypass
(page 19E.2-2€ of GE'es SSAR (Reference 19.9)). GE's results
Suppartad no furthar consideration of suppression pool
bypass flow effects in the CETs based on low estimated
frequancies and risk.

Allowed bypass areas (N’KW) in a plant's technical specifi-
cations have historically been set at 0.10 of the A/K'*
assumed in the contaimment DBA. Since a large A/K'*
provides for a robust contaimment pressure design but an
increased plant risk dus to suppression pool bypass, the

nes’ to Etamuiotmlnpllcatxcmotamor
posaible A values vere considered in the staff
evaluation.

In GE's SSAR (Reference 19.9), potential bypass paths
between the drywell and the wetwell are idemtified ard
discussed. Included among those were the eight 20-inch
diameter vacum breakers (Table 15E.2-1 of Reference 19.9)
designad to prevernt a negative drywell pressure (relative to
the wetwall) from ccowrring following a design basis reactor
coolant pipe rupture. As noted above, GE did not include
any consideration of bypass effects in its CETs: however .
since there is an allowance for such leakage bypass flow,
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suple hand calculations using the ideal Jas equaticr
ard the volumes of the drywell and the wetwell of the
ABWR,

The staff has concluded that Ge should provide a
Cnprenansive assessment of the risks associated wvith
drywell-to-wetwell bypass leakace. Such an asscasment
shauld include camplete consideration to such matters
as (1) the basis to suypport an allowad leakage area
(MK'™), and (2) the basis to support an epected
leakage area during the course of a severe accident
when the vacuum breaxers would be required to perform
several times in a severe erviroment. This is an
outstanding {tem.




Upper Drywell

Wetwell

KEY

' o Drywell/Wetwell Vacuum Breaker

| : « SBuppression Pool f
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igure 19.6-3 Schematic diagram of Lhe ABWR containment
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6.4.2.2 Overpressure Protaction System (OPS)

A contairment overpressure protaction system was not
included in the ariginal ABWR design, but was added to the

design in Amercdment 8. GE modified their conmtairment event

g
:
i
3

. On the basis of
be

1. 'The systam would be effective only in a small
percentage of intarmally initiated severe accidant
Saguences .

Pressures cauld develop to actuate the system as a

result of drywell /wetwell bypass flows in the absence
of the above mentioned spray operation.

« Uncertainty considerations complicate the prediction
of how this system would cperate, i.e.,
the proper setpoint for vert actuation, in view of
adverse effects.

»
-

w

Each of these concerns is discussed below:
(1) Freguency of Actuation

Table 15.6~2 shows a level 2 perspective of the relative
importance of the OPS. The table was derived from Figures
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the frequency of the accident
i of the gperation of the OFs.
The table is a rough approcdimation, with the other

g
g.
T

m&nllmmtmmtticimtmmmﬁum
but insufficient to fail the contairment had the system not

been presernt.

%
g

frequency, largely due to
unavailability of the R system.

Overall, from a risk perspective, GE's analysis does not
appear to make a strong case for needing an automatic OPS,
at least for internal events. The overall intenmt is to
provide a "last-ditch® mitigation effart for rare .

imvolve a thoraugh consideration of plant specific design
features and a coupling of both the level 1 ard the lLevel 2

analyses, first with the overpr-ssure protection system and
then without the system. The & u sation should answer

the following questions:
How does the overpressure protection system reduce the
core damage frequency, and eventually, the cortairment
failure frequency?

2. Given core dumage, how are the source terms affected?
This is an cutstanding item.

'
.
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table 19.6-2 The Staff's Venting Outoome Frequencies for Intermal and Seismic Events.

Vent { !u"

Sucreas il 3% 71%

vent ing when
vernting is
NeCessary

Suocessfiul
vert ing wvhen
verting is
WS SOeSSATY

Potentially no
impact of
vertt ing

insignifirant
pressure
challenge to
the containment

staff's COOF ¥
Outoome int, Seis,

Corditions . e

The prescarizition rate is slow
and without the RHR system and
contairnment sprays.

Oortairment pressure beocomes high
enmugh to open the vent but would
not have been high enough to fail
the contairmest if the vent had
ot cpenad because of FHR system
recovery before contairment
failure.

The oonta . . ment {(drywell)
pressurizes rapidly due to
energet ic event such as DXOH, and
approaches or exceeds its
ultimate pressure capacity. Vent
actuation may or may not ocoour
deperding on rate of drywell
pressurization and pool dynamics.
The vent is not expected to be
effective in these scemarios.

Cperable RR systenm.

Consequences

Routes releases from the
drywel]l through the
sgppression pool.

Umecessary release throogh
the sagpression pool.

Unacrubbed release through
the drywell failure,
asaming that the vent is
ineffective In preventing
overpressure.




1. Values presented assume no significant wetwell/drywell bypass flow. Significarnt bypass, If it were to
oocur, would result in an inTeased freguency of venting (rows 1 and 2 in Table) and a correspording
decrease in no-vent scenari’ s (row 4 in Table).

2. Int. = intermal events. 5S¢ s. =~ seismic events.



~ e

unless drywell wetwell bvpass is controlled. Because the
setpoint of the vent actuation is lower than the ultimate
strength of the cortainment (FMigure 19.6-4), the
protection systen may merely cpen the
comtaimmert earliw than had (t not been present. For more
discussion about (rywell /wetwell bypass, se2 Section

11‘- ‘-‘.2.1.

(3) Uncertainty

GE's analysis in the vent systan actuation pressure does not
adequately consider uncertaimties. Mhat is, if the vert
setpolt pressure is set 2T a particular value, GE claims
that the OPS will cperate anly at that setpoint value. GE
states (Pages 61-62 of Reference 15.70) that the vent
actuation pressure setpoint is based on the pressurization
from & DBA LOCA ard 100 parcvent metal vater reaction as
specified in 10 CFR, Part 50.34(f). The resulting DBA
preasae of 75 psig combined with a tolerance of + 3 to 4
in the vent actuaticn pressure, therefcre, appears to be
basis for the current nuypture disk setpoint of 80 peig;
no consideration of severe accidents o uncert.dnty is

|

gtaff infers a small uncertainty bocause the overpressure

protection system is presunably designed within the realm of
wall established and testad engineering practices, allowing
its response to be reascrably and acourately characterized.

The containment stiructural response is represented by a wide
distributicn to refle<t the large uncertairty in its
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resporse above the design pressre. Intuitively, the
failure probability immediataly above the design pressure is
low and increases as sam function of the pressure. This
distribution is assumed to peak at acxe ultimate contairment
fallure pressure and decrease to zero according to the best
understanding of that particular comtaimment structure.

Setting the overpressure protection system above the
contairment design pressure allows for a possibility of
cataimment structural failure. The lower tail of the
contairment failure distritaution can be superimposed on the
distribution of the vent actuation. This allows for the
possibility, withough remote, of a contairment failure
rather than vent peration, Campeting risks develop, where
elthar a vert acturtion or a contairment failure Tay Qoour.
If the comtaimmert is weaker than the setpoint of the vert,
then the contaimmert will fail without the vent actuating.
Cowversely, if the cortairment i{s stronger than the vesrt
setpoirnt, then the vent will actuate.

(4) Suamary

The ¢ ff has qualitatively identified the following OPS
assoc.ated risks that are not modelled by GE in its PRA:

p There is a possibility of unnecessary venting, where
the vent may actuate in response to a pressure
challenge that th~ cantaimment could have accommodated
had the vent not _uen present. However, for such
events the releases ahould be small (given that
Suppression pool bypass is not an issue) and the
design of the OFS would allow the cperatar to marmally
isclate the vent.

2. In the event thare is significant bypass hetween the
drywell and the wetwell, the following can result:

(a) a potartially significant increase in the

(b) raduced time to overpressure protaction §,5tem
actuaticr. and fission product decay and aervecl
settlirg.

In its analysis, the staff has identified the trade-offs
assuming an all-or-none behaviar of contaimment structural
fallure and an initial attampt to quantify the effects cf
the typass on the efficacy of the overpressure protaction
systam. Basaed on the review, the staff believes that GF
should justify the setpoint of the overpressure protaction
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on risk before conclusions can be reached that the
has a net benefit from a risk perspective,

taking inte account downside risks, and carry aut
the necessary analysis of the effects of drywell wetwel)

i
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Figure 19.6-5 Hypothetical distributions 11lustrating the uncertainty in the
vent setpoint and the containment failure pressure.
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by pressure/tarperature regimes and the debris particle size

z
§
g
:
a
:
;
:
5
.
:

mewlﬂmﬂncwmmmlmmim
pool. NOE: Radicactive releases fiom core debris
ejectad out of the lower (i.e. direct
contalrment heating) and from debnris
remaining in the reactor vesse) would not be scrubbed
by the water from the passive flocder system,

3. “mmNMmcmany
m.mmwmmmwo@m
and structures.

4. Reliance is placed on the RR system to reject heat to
mm-.lmotmmuﬂtxm
debris par-ing into the suppression pool. GE

systan adequately

£i
if
£
§
|
:

However, the staff's view of the passive flooder system
cparation differs in scme respects from GE's view:

1. MELOR calculations an “tha caloulations discussed
in letter report titled, -iitects of Debris Depth,
Debris Composition, and Debris Power on the Limits of
Coolability," friom E. R. Copus, Sandia National
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Lavcratories, to C. Tinkler, U.S. Nuclear tory
Comuission, March 13, 1990 (Referemce 19.71), irdicate
significamly more concrete degradation of the pedes-
tal wvall than that predicted by the MAAP code, even
aftar cperstion of the passive floocder. Conmtinued
care concrets interactions would increase the poten-
tial lor pedestal failure would undermine the system's
Muc:uwtcmmlwm floor and
walls.

tion may threatan the integrity of the reactor pedestal,
Arerdment 8 of GF's SSAR (Reference 19.9) indicated that
lower drywell would be composed of limesta e concrets.
However, recent information from GE (Reference 19.69) irdi~
cates that basaltic concretes will be used., The staff's
early aralyses showed that the erveion of ]imestone concrete
is more extensive than the erusion of basaltic concreta;



-mumuu‘mprmmoflmmmm
mmlommmmduMmmotmmtm

be & protlem in core/corcrete interaction due to
provided by the passive flooder, The staff corsiders the
u«mmmmuwmmxm
concrete.

6.4.2.5 Comtairment Structural Intagrity

amw:mmwmmmwm
MW&W.W“QM&QI&
to the failure of the ABWR corrtairmert. Given this view, GE
mmyo.imummmim
om:mrmmm. Nevertheless, GE chose
to the Wtinate strength of the contairment frem
100 paig to 134 peig (Reference 19,69),
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:
:
:
:

mpu.mm-mmmmmu
wauld not be repidly transmitted to the wetwell.

umn.o-x(-mwuuummwmmt)
mmmu-muummmummu-
hmd&mMMmtz?moz
mmmmsm”m
mrummm;mmmmmwxu
134 psig. In the umxdified design having the ultimate
&t 100 peig, the contairment failed in

mumdmmmmtmim
frequency. Therefore, this medification of the cortairment
recuced ma:uim ticnal eaurly contairment failure probabili-
ty by approximately half (from 13 to 7 percent). Incremen
mmmwmm‘mmdm
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decrease this conditional contairment fallure probability:
however, the cost of redesigning the cantalrment may be
significamt. Other fractions of the accident progression
freguency are not appreciably affected by the Lncreased
contaimmant strength because either the vent actuates (e.g.
the vent setpoint was not ncreased) or the failure
mechanisn is by another means (l.e., thermal degradation of
moveable peretration s<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>