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19.1 N-
,

,

1.1 Rechgra md

As part of 'the ABR Final Design Approval (FM) applicaticri,- General
Electric has partermed a Prchabilistic Risk Assenemert (M) in roepene
to the pianimi's Policy sta.tament cm severe Reactor Accidets
Regarding Future Designs and Ecisting Plants dated August 8,1991 and
the Ama IAmising Review annes, and has autatittad the PRA for the

;staff'6 rwisW.
~

thlfhe deterministic evaluations of plant desip, there an applicant's
preposed desip is evalurated against regulations in the menner described
in the Standard Review Flan'and is fomd "Wahla" or "not
==1*mhla," the zwiew of the PRA is not governed by emplicit formal
criteria. PIES and their evaluations are used to assoas, in a realistic
rather than conservative mamme, the safety profile of the preposed
design as _ expressed in tares of the frequency of severs acre damage
accidents, the consegmences of a spectrum of sucts accidents of varying
esverities, and the integrated risk to the publict the uncertainty in->

these parnastarer and insi@ts into the safety profile. In addition, a
PRn and its evaluaticzt can be used to make dotarministic judpants of
the safety of the proposed desip.

1.2 Licensing Review Beans

the licensing review bases for the Asm desigt were documented in a'

,

. letter dated August 7, .1987, frcm T. -E. Marley of U.S. NRC to R. Artiga
of General Electric Ctapany (B), " Advanced Boiling tentar Reactor

L Licorning Review Basem (Refarunas 19.1). A muuary of these zwisera
t bases i as fallmas -4
!

I' A. 1he licensing review bases include appl.icble partions of the
balance of plant (BOP) and an enveloping site for the approved
A5R design. E, as part of the SAR and PRh =*=ittals, is

E --+M to prwide <h==aritation related to the interface
L reglizements of various acP features, including the charactaris-

tics of sita myelope pareestare. As part of the ABR FDA .
approval, the staff is empacted to review arx2 make a findirug (with -
respect to risk significanos) as-to seether the prtponed plant-
specific design parametsre and sitevific envelope paramstare-

are within design interface reglirements and sita envelope
reglixements, as applicehla..

B. Because E is expected to prwide its PRA submittals in the form
of magnetic marita (in addition to the hard copies), the staff's-

review of E's risk submittals will be h= anted in the form of
magnetic media also.

|: c. As part of the Asa PDA twiew,-E is required to provide adeqpata
L resoluticos to a list of unresolved cpen items anyor i==== (mxt:[

- . -. . - . . - . - . . - - - - - . . . . . . -.. - . . - . -.- .- - - - - . - . - .
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b

a

Ias wus:daled severs accident yturmanologioni issues applicable to
the AIBR desip) with respect to safety goals, if any, for the,

t staff's zwiaw. The staff will zwimw.them with respect to their '

risk significance in the osmtamt of safety goals.
,

D. E is rugaixed to submit, in additice to the level 3 PRA
submittal, bawding risk analyses of estamal events (including
am4=mic events, fires, internal floods and tornedes). She staff '

will zwiaw then with respect to the cweet11 risk sipificanon of
applicable outernal events, including ==4=mir events, in the ,

ocritaset of safety pals.
;

- E. E's method to calca11sta the containment response and the ocurta
,

term estimetas will be based cm the IDCER-devalcped Mc&1lar
Accident Analysis Prorgum (MPAP). If the staff's twiew of GE's
MhhP analyses finds sanificant deviations in cxmtairment loadings
and scuros taru estinatas, additicmal sensitivity &nalyses will be
performed by the staff to limga thema deviaticms into the
overall risk estimatas and to gain insight into the mt inty
estimatas m these critical paremstars.

,

~ F. ' 1he reunalts of the NE will be ampared with the hiamim's
safety goals,-including the gaantitative health atrjectives, and
thei gaantitative desip goals pr.cyceed by the Electric Puuer
Rossa::tta Instituts (ENtI) in its Advanced LiWit Mitar Reacter

' -.(ADR) Ametirueants DocLament. She ADR desip gcmis ower core
damage prevention,- containment performanos, and env=== accident '

-sitigation ocnompts (Mamamad in detail in the follcuing
sections) . The staff's zwiew will evaluate the Alem design
against thsee gem 1s.:

- G.- She-AIBM ME will be applicable to all Amm plants to be built .

within the Amm desip and sita envelopes. That is, as part of
the operating license, indivi&ml Ama applicants will not have to .

suhait a esparate PRA for the staff's review. However, - the -
licensee of an ABR plant should submit a twisica to the approved
AIBR PRA within 2 years after an AIBR plant; is licensed.-

GE has agreed to follow, to the autant possible,. the design requirunmts
h==ritad in the Electric Power D=amant Institute, " Advanced Light.

Matar Reactor negairements Docummit," dated Dan ==h=r 1987,- for the AIBR
desip (Refersnos 19.2).. She staff's resolution of the applicabilities
- of these design requirements and the h4==icn's guidelines rigarding
deviations of the AIBR desip regahumants fram thces h==ritad in
Referunos 19.2, are tirr-ntad in the U.S. Raclear Raoulate:m:y<

0:senissicm, " Resolution Prmaan for Severs Accident Issues cm

19-2 ,
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'. 2voluticaw:y Li@st ) tatar Reactors," n-imaion Paper SECY-49-311, dated
nam mar 15, 1989 (Rafarence 19.3 .
has followed these guidelines, as) applicable.The staff's zwiew of the AINR PBAh e staff has alms
ir.+.aad into its reviser, the frems and acomptanos criteria
cutlined in the U.S. Nuclear Regulatsy n=4maion, " Evolutionary Light
Itatar Reactor ('IML) Curtificaticm Issues armi tisaix Relaticmehip to -
Current Regulatory Requirements,' n=4== ism Papar SECY-90-016, dated
Jamary 12, 1990, to gain insights into the acomptability of the ABNR
design (Reference 19.4).s

1.3 Revient Carjectives

to overall objective of this project is to assens the raamanableness of
the risk estimatas hwritad in the PRA and other risk related
h% submittad as part of the FDA applicaticm package. In additicn
to this cworall objective, there are several neoendary objectives:

1. 2 amenas the ruasemableness of the accident frequency estimatas
of tne major sequences (for both internal events and autarnal
ovents), identify strengths and weakusses of certain design
features, and identify major ccmtributicos to the uncertainty in
the oces damage frequency.

2. W hseems the reasonablenses of the preposed ABlet omstainment
failure Ailities for early ara late failure modes, identify
failure anchanisms fce varicus potantial failu' e modes ocmsistantr

with start develcpec core malt steF- 4 egical knculedge, and
provide desigr. .;;, itic risk results along with uncertainty
estimetas.

3. 2 ocupart the ABNR risk results with the Ozenission's safety goal
and the ' safety margin basis design requirements" provided in the
ERt1 ADEL Requirements Docueerst.

4. To provide an integrated W r.ctive on the overall risk estimatas
with respect to the ispect of omrtain severe accidF : preventicn
and mitigation features asplicable to the ABNR desip.

1.4 Paview Pr===

~ GE initially suhaittad m January 27, 1989, Amandernt 4 to Chaptar 19 of
the AIMR Safety Analysis Report," Docket 50-605, the risk analyses of
the ABNR design (Rafersnos 19.5), h e staff, with the help of
Brockhaven Naticmal Laboratory (INL) and Sandia National Iaboratories
(SNL), ocupleted a preliminary review of Amendment 4 of the ABWR PRA.
As part of this zwview, a letter dated November 28, 1989, from D. S.
Scaletti,. NRC, to P. W. Marriott, General Electric Ozipany, " Request for
Additicnal Informatica (RAI) regarding the General Electric Ocupany
Applicatica for certification of the ABWR Design" (Referunas 19 6): and
a meeting with GE was carducted cn ve=+- 12 and September 13, 1989

.

at GE }*andqurters (San Jces, California) to diem and resolve matters
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presented in the staff's RAI. GE sutzaittad its response to the staff'sc
RAI en Jarnaary 9 and Jarnaary 11, 1990 (paterences 19.7:and
Reference 19.8). - As a resalt of the crupoing development of the twined
PRA documentation and ir-r.utim of additicmal severs accident i

preventica and mitigatica systmus-(mas as a gas turbine-gunstatar, an - |

Ac-independant firuuntar addition Plity, an igraved versica of the'

ocatairment vent systen, and a passive me-veneel corium flooder systa)
to the zuferunas Aset design, a suhaitted, e July 28, 1990, Aman $sent '

8 to the Chapter is of the Amst safety Analysis Report," Docket 50 405 1

(Raference 19.9). 1his amen & ment unde substantial modifications to the
original Mth Versicm-(Amerdment 4), added additional analyses in the ,

1

area of earternal events, and, most importantly,-_ modified analyses of |

omrtain plant improvements important to public risk. The staff notas '

that Amendment 8 of the FDA application, . including the PRA, responds
m1y partly. to the staff's RAI.

:In order to understand the outplac operating cha.wistics of the
ocatainment mitigation system &aring a Wated ocas salt scenario,
the staff initiated additional researe to investigate the adequacy of -

E's methods and - cilans (related to cht she.- - _-) using the
staff-sponsored MICGt code at Sandia Naticmal Imboratories by lottar "

dated November 12,-1990, fran M. Carnal (BEL) to Jae Jo (BEL)
(Raference ~ 19.10) . As part of this work, the staff also developed an
RAI and-issued it to E cm November 28,1989 (Reference.19.6), and
conducted a meeting with E in nan ==har, 1989,'to discuss and clarify
the RAI with E.- 2 decausented its response to the above RAI in
Amendment 10 to Chapter 20 of the AItet safety Analysis Report, Dacket
50-605, dated Mare 28,71990 (Raferunas 19.11). - This versian of -
Chaptar 19 reflects the design thrcu$n Amenenant 8, mangt eare

- otherwise noted.
.

. The staff's zwiew of the meismic risk analysis dm*marited in
'

Reference 19.9 arsi Deferenos 19.12, " Amen &nent 9 to Chaptar 19 of the
Amst safety Analysis Report,"-Docket 50-605, dated November 17, 1989,
resaltad in an additicmal RAI, and this RAIins lasued by letter dated
Nay 1,1990, frca D. C. Scaletti, MC, to P. W._ Nkrriott, General
Electric Ctapery, " Request ter Additicmal Information regarding the
Genea'. Electric Ompany Applicatica for Omrtification of the A5et
Design" (Reference 19.13). . E has documented its respcmas in letters-

. dated July 3,1990, "Amendesnt 13 to Chaptar 20 of the A5et Safety-
Analysis Report," Docket 50-405 and cctcher 2,1990, " Amendment 14 to
maptar 20 of the Amst Safety Analysis Report," Docket 50-405 *

-(References 19.14 and 19.15).

In addition to the above, das to the advanced nature of the Amst aantrol
rcen design, the staff identified additional rwiew work related to the
risk significanos of critical human factor ins === and human x=11 ability
issues, and initiated additiemal work with ENL to obtain technical ' '

,

assistance in this area. This hLamn reliability rwiew also resultad in
an additicmal RAI tich was f aand to a cm February 28, 1990
(Reference 19.13). The staff also ocWM a meeting with E at
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Martit 6 ard 7,1990, to diamma the staff's RAI ard the masary details,

of the representative E6 ard D ocritrol rton designs -(located at Tokyo
Electric Power WTf, Japan). Subangaently, 2 petvidad, as
wWata, its response dated July 3,1990, "Amendeant 13 to
mapter la of the AI5et safety Analysis Deport," Docicut 50405 to the
above RhI in Mafarunos 19.16. me staff's zwisw of Amferunos 19.16
resultad in an additicral lanean factors related RAI, and this RAI was
issued from D. C. Scaletti, IOC, to P.- W. Marriott, General Electric
Omgany, "Regasst for Additional Infocusticn regarding the Gerseral
Electric Omgany Application for Certificatica of the AIHL Design"
(Raferunas 19.17). GE documented its response to the above RAI dated
Augast 31,1990, ' Amendment 14 to Chaptar 20 of the AI55t safety Analysis
Report," Docket 50405 (Raference 19.14).

Se staff notas that, as part of most PRA rwiews, a plant walk-down
and/or plant walk-through of aejar systans, otagonents, structures, the
amin control room and rusata shutdown system panels, including operator ;

intarviews ard simulater tests (if any), la a critical and useful stap
to obtain a full understanding of peertulated widant scenarios ard to
harvest qualitative safety insights into potential ~%
vulnerabilities, if any. Because the licensing zwiew of tra Asa
design involves a plant design only, the staff oculd not perform sucts
walk-dom activities. However, GE has indicated that it will make use
of acet of the design features of the K6 and U control room (Japanese '

design) w@ in designing a ocritrol room for the AISEL plant to be
built during the predaction stamme in thited Statas (Raferunas 19.16).
'Daas the staff zwiewed the Japanese R$ and U control reams (inspected
mock qs, cheerved operatar performance tests in training similaters,
and conducted walk-downs of tasks determined critical to riak). Data
collected txtza thmes zwiews prwided a framewcet for evaluating the
adequacy of the A155L PRA, under the ammaptico that the A155L a:ritrol
roca instrumentaticn and workplace layout will be simMar to those of
the Japanese E6'and U ccre.rol rocas.

2e prnhahiliatic risk zwiew performed by the staff primarily favolvesi

L encaminaticn of the A155t PRA, as -n-- 1 to making remnalysis ard
recalculation of selected sequmoes and relanse categories. 21st

o

! we was WM for the review of the AIMt PRA and la ocosiatant
with the guidelines haanted in a assorandum dated Martit 14, 1944,

i frca E. S. Beckjord and T. E. M.1rley to V. Stallo, %&arsian of'

Agreement of the RES Dole in the Review of the Standard Plant Design--
,

NRR/RES" (Refersnam 19.19). - Detailed tactriical findings in the above
rwiew areas have been h= anted in NUREG/C31-5676P, "A Review of the

j.
General Electric A155t Probabilistic Risk Aeamammet." (Raference 19.23).L

l
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19.2 RISK-SIUGFICANT AIMR IISIM FEM.'URE. 7

2.1--_ ABWL Safety Systen Fiestured

the fenovirg are the fretline and oggert systes that have been,

eNplicitly undeled in the Abet PRA by E. Brirq the ocurse of the
- reriew, the staff found that, ocenared with earlier Det designs, anny

| anfety systes have tdtwtial desip undificaticris titicts ccritribute to
r=4w+4ms in syste unavailabilities and thatsby a r"b=1 in tha'

care damage fre@ency for the ABEL design, comparud to these earlier
desips. Detailed deterministic rariews of these systas, and findirgs
regarding their acomptability, can be fcLaid in Chaptars 3 throu$ 10 of
this document. 1he toucwing are scne major hiptli@ts:

i- L1. mancem protacticm sys*- (RPE)
L

| The reactor protectien' system (RPB) refers to the ovarall complax
L of instruant chamels, trip logics and signals, manual ocritrols.

and trip actuators that are involved in generating a ruectar trip
i (or scrum) to bring the reactor subaitical. The RPS of the A55t,i

l. idtidt has four division rehaidancy, .is designed in oudt a tesy that
the failure of any single eleannt will not hindar the actuation of
a requixed trip. Although E has sipificantly imprtwat the RPs
design ocupared to all earlier desips, E did not make an attaspt
to quantify the RPS unevailability fonowing a transient cr a

| .- *" 9ted 10:1 avant. Instand, an movailability estimets cf
!= 1 E-7 per demand has been assiped bened an the reliability
|
'-

analysis perforand as part of the solid state RPS design for the ':

Clinten facility.

The staff noted that E's use of an RPS movailability estinate
- for the clinten facility is ocntradictory since the staff has
evaluated the adequacy of the ABEL PRA under the ammaption that

| the ocntrol room laycut will be similar to K6/7.- Marthermore, the ~

. design of the clintcrt RPS and the ABEL RPS are essentially dif-i

: forent. . The Clinten design uses analog trip modules and leolaticri
L - devices, eereas the Aset design uses micrtprocesects (software),

multiplemo; and fiber optics. Other desip features sudt as the--

control roca layout,. operstar intarfaan, recirculation pump trip,
and data transmission are'also different. These design dia .
similarities result in PRAs with fundamentauy different failurs

- mechanises and ocamen made ocnsiderations.

The study for Clinton indicated that the unavailability of the RPS
1s essentially dczninated by ccmuuan cause failures of the|

' divisicrial multiplexces and the systas logic. E a==nned that
similar failures will- dominate the ABNR RPS unavailability. The

|L staff noted that this unavailability estimata is significantly
lower than the estimata drumented in the results of the staff's
analysis dated April 1978, " Anticipated Transients without Scrum '

for Light Water Reactors," NURDO460 (Reference 19.21). The
'

19-6

-PWT- - w-1-er 1st-u-r ~ ^-- m- t- Mwi 7:*-+-pua-waw sh' w= rm 4 E-*s'ma'Ouw1 'T NT='gue N uTU* W 95-' W W W - . -.



. . - - - . - ~ _ . - - ~.- - -. .- - ----.-_._ _ - - . _

j-,
|

<

1

|

|

!

|
.

staff also noted that GE used the GE NLDOC line of equipment,_,

Wticts is riot used as the tesis for althar= the Clintcm or K6/7
designs,'as the e maple of the type of equipment that will be used

'for Am m I&c systems. 'the staff cmcluded that GE shculd justify
the use of the clinten reliability estinatas in the Asa imA be-
cause the ABR RFs design is significantly differint frtat the
clinton desipi. 'Ihis is an cutstanding itm.

2. Omemi ne trive avs+= trwn)

'!he ocntrol rod drive systaat (cm) of the A5m deriip diffe.ts
significantly from that of GmsAR-n, 234 Nuclear Li'sd, Ba/6.

Standard Plant Prtbebilistic Risk Assessment, 22A700'/, dated Man:h
1982 (Raference 19.22) er caruntly cperating plants in that it
utilizes electric 4:ydraulic fine action ositrol rod drive-(FMcRD)
nochanisms rather then lecdcing pisters nacinnisms. 'the Asm atus
consists of FMcRD anchanisms and the GID hydraulic systam, Wiich *

includer, pays, filters, hydraulic cxmtrol units, Lirstrunentaticm
and alectrieml emtrols etc. Se hydraulic pcuer required far
scrum is provided by high-presse.zs water stored in the Ardividual

.

hydraulic control units (HCI7). A single HCU contains a nitn:xprm
wetar accimulater charged to a hips pressure and the necessary
valves and ocuponents to pcuer.the scram action of two MK3tus.
Itxt insertion een be alternatively achieved by driving all the
rods-in sinaltaneously with the FM3ID' electric notcas. The AHR
04DE can be used, in ocrdunctim with the nxi control and infec-,

'

antien system-(Rc5Is) and the reactor protection systa (RPS), to-
perfoss a raaber of 1, W.i. reactivity control functions. 7be
eenple, tpon receiving manual or autanatic signals fms the RPS,
it can provide rapid control rod inserticri (scrum). Another
function provided by the aqDB is alternate rod insertion (ARI), an
alternata means of actuating acter-driven rod insertion in the
event of electrical failures following a fal. lured:c a svent.

'!he FMcRD mes:hanime used in the ABR ctDs F=- esveral
,

. meritorious featurns Wtich enhance both the reliability of the
scram systas and plant anneuverebility. Scan of these features
are hiptli@sted balcan

L 1. 'the FM34D permits.inmortion either hydraulically ce
L electrically. Upon receiving a scraa signal, the FM3tD is'

insertad hydratGically by the' energy stored in the niWe
:: wetar am-dattars of the hydraulic castrol units. At the
; same time, a signal is also sent.to insert the fMCRD
L electrically via its acter drive. - This enhanced design
I - feature increases the diversity of the scraa systen.

2. 'the MERD does not uploy a scram discharge volume (SDV).
'!his enhanced design feature eliminatas certain cxmacr%
failures (applicable to other BR designe) and the SDV IIx2.

1
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'. 3. standby 14eaid cirrtrel . (sIct syntam

the sic system is a W means to shut dcun the react = to
subcritimi con 11ticrs by injectirg er11 tan pantaborate solution '

into the reacta. This systas ocrisists of two 100 percent
capacity traire, each containing a positive displaosaant pLup

,

(with a flow ruta of 50 man). It is apmally initiated by the
operate if it is dotarn;.ned that the reactar has rot sucomesfully3

acnesund folicwirg an anticipated translant or a saml1 IDCA event.

<

- the ' staff ncess that, essmage for the manual initiatimi feature,
the design features of the SIC systam are ocrisistant with design
requizusents specified in the IRtI AD5t Daquirusents Document
(Raference 19.2).. G: has quantified the SIC system unavailability
using fault trees and histwimi operating data. It is about 0.2 '

per demand, the system unavailmhility is dcninatad by the tasman,

fkilure to initiata the pystem an dunand.
,

4. Ranctnr core Is71ation N11m facic9 ava*=

. She' DCIC system in the Amst desip is a system designed to pewide,

- coolant makeup to the reactor Wien the reactor is at hi@ pressure -

following a transient or a postulated III:k. It is also capable of
pewiding coolant makeup to the reach at hispa pressure during a'

station blackout.

GE has quantified the McIC system unsveilability using fault trees
and historial cperating data. , It is about 0.04 per demand
(without rom cooling dependency) for the vessel isolation svent
(Table 19.3-3, page 19-44). The system unavailability is

_

d ainated by: (A) anchanical failure of the pimpturbins, -(b)
unavailability due to maintenanos, and (c) pump failures.

5, na w -- -- + v1 = ." = t s . m g e =

1he HPCF systaan of tr A155t d'esip is acusedhat similar to the High
Pressure Cbre Spray (HPCB) system of the GESSAR-II design aucept

-

that it corsists of two indeperident hi@-pressure trairis (HPCF-B
and HPcr-c) rather than cris train. It is designed to pewide
coolant ankaup to the reactar veneel under postulated IIQ events
an1 anticipated transients. The staff riotas that, althcups the
Abet design has two HPCF pays,. the flow rata per pump (800 gan)
is actually crily about half of that ptwidad by the single-train
GESSAR-II HPCS systaan (1550 gn) ~ (Referenos.19.22)' and 2 still.

smaller traction of the capacity of the single-train HPCI systam
(5600 gn) of older plants, as described in the PRA for Tmarick

| Generating Statica1, Philadelphia Electric Co., Ibcket Nos.50-352
and 50-353, dated Septaber 1982 (Reference 19.23). The staff

g also makes ncta of the redundancy with respect to electrical,
.
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;- useanical and physical separation enrectaristics of the two
trein MFCF systaa.

3 has spantified the NPCF systam unsveilability using fault trees
and historical c9erating data, as applicable. It is about 2 E-3
per demand for transients, 3 E-3 par demand for IDOL svents, and
5 34 for loss of Ac power events ('able 13.3-3, page 15-44).

6.= Reacte Dmoreasurizatim Rmetim

2n the event of the failure of all high pressaare coolant makmup
sources, the reactar sust be depressurized to a primary systat
pressure su e that one of the three trains of the RHR system g

, the omndannate transfer systen g the AC-in$eperdant firewstar
systan cnuld pwide Icar pressure ocolant askaup to via reactor.

'!he purpose of the Autcentic Depressurizaticm Systam (AIB) is to !depressurize the reactor pressure vammel to allow use of the NR
system (in the core floodang ands) for reactar wetter nakaup in the
event that the DCIEsyste and the NPCF system fail to prwide -
coolant makaip-to u m I m w . 'the AIN of the AIBM design is
similar to that of the GESSAR-II design (Reference 19.22).

E has quantified the ADE systam unavailability using fault trees
and historical cperating data, as applicable. It is about 0.002

- par demand for transients and less than l' E-6 for Iams. '!he
systant unavailability for transients is deinated by the human

: failure to depressuriae the reacta in a tianly fashion follcwing
the annet of a transient. In order to omgunneta for_this
dominant | failure acde,- operating IBRs have changed their actuatiers
logic such that low reactor water level will: initiate the systen
following sommitime delay. Housvar, no sange has yet been
pecyceed for the AB R.

7. ' i manM=1 r=t r-- v.1 (EHR) M-
'
Ihe AIBR NR systaan consists of three closed independent loops,-
and eam locp has one NR pay and one RHR heat me: hanger. 'the
puryces of .the NR is to pewide <mlant makeup to the reacter,,

centainannt cooling,- and hast a .ruport freen the suEpression pool
to the Irw system for_ the ocupleta spectrum of Iccns and
transients. 'End of the NR loops ~is equipped with the mry
piping, valves, pay and heat es: hangar to_ inject water into the
reacter vessel arzyor remove heat fram the reactce vemmal or
containment to the ultimata heat sink.

E has cpantified the NR system unavailability using fault trees
and historical cpexating data, as applicable. For Iow Pressure
Flooder (IPFL) mode followed by a =m===ful screa event, it is
about 5 E-5 per demand. For suppression pool cooling ande
followed by a awassful scram event, it is about 5 E-4 per danand
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(Table 19.3-3) . The thr ^ cmin system unevailability is'

.

dominated by: . (A) minen11braticm failures of th flew transmit-
tars, ard (b) cavitation failures of the NHR PLaps that to a igrp 3
in maction pressure.

t

s. Strcaiment overpreneure malief

In the event of failure of the MUL systan, the A50t cxmtainment
pressure will be supacted to increase due to i> vessel steeming. ,

At 80 psig the overprassure pr-9=t system (ces) will autcenti-
- cally open to relieve the =-ive ocritainment preneurs in order
to prevent grams structurel failure of the contalment. Da ces'

can help prevent core damage for ease accident sequences and help
mitigets the consequenons of other esquenons. 1his sectica vill
~ briefly mentica the preventative role of the om the mitigative-
capability is d4=m===d in Secticn 19.6.4.2.>

7tr thoea~ accident sequenons with -===ful acre ecoling but an
unevailable Net system, the contairement pressure will= increene arsi ,

sventually fail the contalruent, allowing the possibility of deme- '

ging the core croling systems and cousing core damage.' 1he OPS
will help' relieve ccmtaiment preneurs in a cumtrolled semer and
reduce the potential' for ccmteirment-failure-irskaced failure of
the core cooling systems.

9. Electric power system
'

.sha ABEL.desigt ocmsists of a.three trein electrical system to
provida power aqply to ensita in plant electrical = Icede.- Os

,

Amet desiyt will be designed to take offsite AC power frce a' mini-
- um of two independent offsita power scuroes. .In the event of- ;

fsita power eaurces are lost, the on-site emergency power scurces,
cceprised of three emergency diesel generstars and four DC
betteries, are designed to fulfil the power requirements of _the
eafety-related systama to achieve cold shutdcast. The A55t gas.

,

turbine generator will have a bladt-start r'=aaMHty during a pos-,

tulated statica blac$tcut. The adf haHaves that this additicmal
' Ac power eaurae will siytificantly reduce the contribution of sta-
tice blackout events to.the core damage frequency'and the likallh-
cod of early ocatairment failures.

GE developed fault trees to quantify the failure p.Mlit;ies of ,

125 AC buses,125 DC buses, Mted 480V matcr ccatro) centers
(ICC), N30s for service water systaa wha , and 6.9W tunes .'

-(including the impact of failures of casita amargemy scaroos, and
.

normal and preferred offsita power sources); hhan W teshamquantly. *'

mMad the gas turbine generator to the ABEL desl(m, it was incor-
m tad into the PPA andal in an r?4=intic manner.F rectly ir w e *

I This was corrected in the staff review quantification. She estaff
,'

notes that these fault trees have been linked with the frcatidasi
i
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systan faul' trees, otswtzuctad for various other safety systaan, '
~

. t

in tho' evaluatice of their unaval.labilitias.

10. anrvica hter systma

the AIMt reacter buildinir occ1 wtar. (Int). system, dnie cxst-
sists of three irdspardent divis , is desi ind to remove } mat. i
from eseantial equipent in:the reactar buil aucit as MIR heat, -

E-hw , heating, ventilatigt ad air conditioning (NVAC) emar-e
gancy anoling etar system refr:.garatars, dismal generatars, and
other equipent. .

.

turing normal cmaratien, one Pot and cna SW pap in eacts icnp
(primary and secondary) in est division and ena loi heat
con:9) anger in enda division are operating. The AIHL PRA a-
that, wder these acrditicms, sufficient ecoling capacity is-
available to prwide seal and motor bearing cooling water for the
acre ocoling pasm.-- It further assumes that, if all three Iceps
are cperated in this manner, sufficient cooling capacity is svail - -

able to runwe heat from the NIR heat ammangers & Iring a postu-
,

..

L
-

lattd-IDC1.1 *
.

GE has developed fa.dt tree:- to giantify the-failure probabiUties
of the lot trains and SW trains, includire the impact of fai m

:_ of support systam dependancies '(art as power failures and air
| systma failures). The staff notas that thema fault trees have
1 been linked with the frontline systas fault trees,'ocmstructed for~

'

varicus other safety systans, in the evaluation of their un-!' availabilities.-m
l

-2.2 AIMR RamrMiystma L'.tarfaces--

2.2.1 - 7J1ttr*W*n
|.

*ar+4=t 2.2 will:

pi@ a descrigtion of the Advanced Boiling Water Reactcir*

(AIHt) Ctsyt:rol 3 ban and'cthar. significant human-systen inter-
faces (HBIs),

-lahtify the new and convwticnal humangstaa interfaos.

ta2nologies with potentia 2, risk significance, and

identify how.the cenaral Electric _ (GE)' design approach has (or.

vill) managed the risk.

- The reader is referred to secticm 19.3.7 of this Chapter, " Human
neliability Analysis," and the previcas chaptar is, " Human Factorz
Enginseringa for additicmal informaticn related to AIHL human-

p' system Jnterfaces and potantial risk related to those intarfaces.
,
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V 2.2.2 General Description of the Amet maman-systne
Intera-

c

_ 'the folicwing descripticm of the Amet IBIS is based gem
infecmetion presented in (E's standard safety Analysis mapart

'

(semit) Japter is (Raference 19.24). It should be notad that the
daaign of the IBIS is not acagi16e. Marther desim deve1ciment '

and testing any resant in chanes to the descriptum pewided
balaf.

..one of the aest significant husen factors differences in the-
-

design ~.of the Alset Wan compami with * traditional" Sciling matar'

'

nonctor'(BSt) plants is the desim of the W . QM interfaces
in the ccmtrol roan. A major chving ctyjactive of the control
ro:sm desip is the opersticmal shilcocylgt of single operstar . .
nonitoring and contal daaring ru.mmal plant operaticms, including
startup, power cperations, and ahatdom.- However, diaring normal
plant operations,. the centrol roam staff will also include an <
assistant ccatrol recu ageavisor, a omntrol rami enitt
egervisar, and two ataciliary- $-se operators. . 'Ihm prepceed
geratienti philcoophy leads to two significant design-require-
monts. First, .all controls and. displays need to be locatad in a ,

,

w t workstatics: so a single operstar een perform all required aa
tasks. second,; increased autmetion is repired to reliave the - y
operstar frten tedious, labor-intensive, and repetitive tasks. ;

'thus, rather than having dizoet contal over caponents, the l
operstar acts as a supervisory cumtroller uenitoring ard i
authorizing autcausted task parfarnance. |

T

'

L'Ihm Amst will have a control races (at} Wwans main elemments, fran :|
an cperations standpoint, are a centralised corsnand and cuatrol '!
workstation and a wide screen display penal. '!he at prwides for
single operator acnitoring and control frcan the centraliaad i

workstatica charing normal operaticms. tharing emergencies, the 1
workstation can Mte aMitional'operaters. 'Ihm amin i
ccatrol beard is a ccepect,a cogut&4.; / cxmacle Ware all the R

a

Information-(displays) and controls needed my the operator are- d
available at the board an4/cr from t% large-ecreen display. 'Ihm - i

detailed. design of the control recr. has not yet been finalized.
'!he control board any make use of mary advanced technologies,-
including colce graphic displays en hi resolutica atns, flat
panel displays (e.g., electroluminescen@t technology), touch screen

4

igut devices,. data display locatien flascibility (e.g., r*W11ty |
of locata displays cm different cathode rey tubes (OtDs), and a- 'lvariety of dedicated crmtrols. Tou t panels may be used fce the l

wa of na Miafety systan s-e -ta such as valves, pays
motors, etc., as well as other functions. Not all ocotrola vill
be moocuplished via crmputar inpat devices,. however. For exa gle,
mart ( safety system functions (such as Standby Liquid control (SIC)
injecticm, Daargency Core Cboling Systas (ECCS) initiaticry'rnest,

)
"
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marmal scrum, turbine trip, and )sIV contmls) will be controlled, .

with hardwired stitdes.
-

the wide earnen display penal is used for the display of tcp-level,

plant status information, impcetant parammeer, and tw.-e
alarus. this is information that will be available to the antire

,

control rom crew. She wide display will ocmsist of three penals.
.

One norreafety grade, r--- - Alven penal will ocmtain numeries
oc laportant plant informatim sus as displays for reactor start--

1Lp and load changes. She other two penals are used for the
[.~ display of tcp-level alaras and fixed mimics of important less and

BCP systmas. Thane displays will utilize'safetySrade equtipment
driven independently of the proomes computar.

'1hs alarm syste design descripticri includes dhiens of basic
desip ocmospts, alam classific.ations,- configuration of alars'

systems and alarm systas implementatica (wide Marl =y device vs.
Otm) and aggressica of mimma. Ctapared with other aspects of
the control rotan, the alarus are MaaW in ocnsiderable detail.

. Of pr.rti=1=r nota is- the critical parumstar miam display, tetich
is part of the vida display device hardware alara group alcrsy with
plant trip sequence and mfety-sgtam status displays. It is
notaworthy that the critical parameter alarm display is intansed
to anrariciate entry conditicrs to the symptcantic amargency ~

operating puc Lares (Eurs).__

As for the safety paramstar display systas (sPCs), "the Amet is
not to Em a esparats spos, but rather, the principal functicms

E :of sPos ae. to be integrated inte the amall ocntrol roca displaycapabilities"
This appreme.and displayed en theis consistant with 35c expectations for new planta ide screen display penal."w,

-designs. SPDs functions shoule be integrated into the overall
display design. Assistance functions will also be available to
select ayruriata ====ry displays based tiptm plant mods.-

In~ additism to
and Qt design, providing a asjer desip driver to control board

,

the single cparater centrol P W M also
i~m the retpirement for matemation to assist the cparator
with traditicmally difficult cpareticms daracterized by .'usvy
workload < (su& as plant startup and cperations for the varicus 'NEL
cperating acdes). The ABWR non-eafety systans are coordinated vis

- the power generatica control system (PGCS);during notsal'

cperations.. Neither the PGts nor_ any other automated nco-eafety
systan can autmatically change the status uf any safety system,,

1ha PGCB is a non-safety system, idtid provides autenatic plant
i

-

starup and shutdown, and 14112 automatically alerts the senior
3|mactor Operator (SIC) of specific abnormal conditions being
detected. If a change-in a safety system is recpired, the PGCs
notiflas the operator an$ the dange is made manually, men
appropriata, the PGts autmatically disergages its autcentic mode
of operaticm. Therefore, any required danges in the cperaticmal

,
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status of any Amst safety syste aust bs performed by the am ar.

an artantic safety-relatad initiatist.

.%xamiting to is of the Amet afpJt, the rente shutdown
systas pas) Sune carwentional, hartsvired corrtrols and
indicators to amintain diversity trian the main amtrol team.a
m's magtest for Additionni Informatim DEI) Mempmae 420.32,
dated Nwater 2,1990, OAnfersmos 19.2$) pewides a retimale for
the diversity dtich includes protacticn 'against the Asgathable
event of otmann made harters or software failure in the plant
instrumentat4cn and ccritrol systaes" and that it is Dical of
all Wes.'

Degarding other local control station (XG) designs, RAI Mempmee
620.33 (Rafertrum 19.25)be defined aspewida that their aman eschine tinterfeos desip...will
implementation e911pment activitias." part of the Amst designAs for the desip of local

!

,

valve operatias, Im! Ihapcrise 620.34 (Reference 19.35) states in
part "the Abet desip philoacpry regarding local vaWe apareticris
is similar to icais met desipe and that "loomi positicria

indicatimi .be prwi&d alcry with parallel cxmtrol roan
position irdiostian.",

!
.

:

2.2.3 Risk Sipificant Cant,'21 Doca Imwetlans

the desip of thm Aset ocritrol room includes mara features Wtich
have pMantial risk sipificanos. . The Amet cpeatttanal ghilceophy ,!
had asthods of operator interface are gaita diffen fram acre
a trwentional* U.S. Wets and employ agroaches for Wtich the U.S.c

ranclear iristry has ?ney littaa aupariance. These differences
between the Amet ud corwentional Ests inoroese tra degree of

-
,

wioartainty with roepmot to risk lay 11cetions. This is not meant
to imply that the Amet desip is associated with grantar riakt
houwac, svalu6 ting the risk is acre difficult and uncertain.

A pt=11minary identification of the aspects of the AU : design
that are most potantially risk sipificant is presented balcer.

1. Sirupla aparatar Ihilcastrrt It spears to the staff that the - '

goal of single operstar contral for normal cymretiens is a .
major design driver influencing decisions for increased -

autamaticut as well as cxmtrol ocnnole and centml reae layout
and desip. Yet, the linkage of this ' goal to overall safety'

and reliability of operators was not prwided. Nor was the
desirability of this agreech adegantaly asported by analysi-
s, taats, and evaluations. It is unclear, for enougle, thy

.the hi$ level gomis of sale, efficient, and reliable cperater
parformance are fostered by single cparator control. RAI
Questics) 620.20, dated Deoseber 17,1990, (Reference 19.26)
addreened the importanos of single operator cxmtrol and its
reticriale. . GR's roepcries to the questice offered three

19-14
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pintat alizinaticn of comunicaticn erzurs, eliminaticn et*

coortiir.stirn activities acreme operators, ard the icw wrkiced
leNels rusaltiin fram ircr3ased autanaticn (1.n., then 'All
rot be erugh wart at the main cervule for two operstars).
With rarpact to the first two points, mile connunicaticn ard
oooniination can ocritributs to husen arrtr as indicated,
comunication and coontinaticn also prwi& an important check
on the control prr== and check en the performance of the
other cparaters. The rwt effect cm rullability of the
drs*ecks and benatits of crmmunicaticrvooaniinaticn wculd
have to be irwestigated. Also, the shift frun normal to
emergency operaticra may be prthlamatic with cnly cne
cparator. Un$ar energency corriiticos, the cperator vill
roomive whiiticral assistance. Precisely eat this assistr.rce
vill ocnoist of ani bcw the tanks will be allecated and
coon 11nated between cparators is unclear. The secord operator

- vill be "aamirq in cold" and vill have very poor situation-

awanneest thus, the ccumunicaticrVoooniination bn:t$an on the
first cperater may be excessive at a tira een wcxrkload is
already high (the ama.r9ercy ceniitim). The second cperator's
effectiveness may be limitad fcr an exterdad pericd of tire.

.

c:nziderirg the several riportad instances of operators in
. U.S. ruclear plants rot beirq alert an$ attentive to their

duties, thereby potsntially %.misirg plant s.fety, it is
the staff's cpinien that an apprtpriata analysis shoald be
prwidad to justiff hcw cne operator, the senior tweeta-
cparatar (spo), at the sain crneole vill remain attentive to
his M ties. In ack11 tion, the RAI 620.20 Despcnse
(Raference 19.26) abcut one-perso cperaticna durirn normal
cxniiticns does rot aantion that cparator ctrrunication"

between swaral liennsed cpantors acnitorirs plant coniiticns
has historically prodded a systan of " checks and balan::esa to
%esats fear inactivity durirq exten$ed pericds of
nortitorfrq withcut arrf required cx.ntrol.

In esserce, the not effect cm cperator ard systan reliability
needs to be evaluated for normal cperaticns and for the shift
frun normal to amer 9erc/ cperaticns. ! W ever, the rh' manta-tien in the SSAR cbes rot prwide this information.

With twspect to the third point, cperator wrklood, ce
indicated that ADWR workload analyses inlicata that "because
the high dagtse of plant autamtion With is available Arirn
normal cparations red- the cparutor workload to a level
easily sustained by a sirgle cparator but cne which may
prwide a 1cuer level of stirulus if dividad etvoen tuo
cparators" thus affectirg alertness, etc. The staff agrees
with cornerra cuer low wrkload levels. !Wwar, without
&ctmentaticn of the cited stniles, we do rert knew if the
ctrcern is warranted in the AIER. Ibw was work 1 cad defined in i
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the cited studies? Es the Wtive workload namehtad with,

system amitering evalustad? 1he studies of workload
ptweented in the Japan briefings defined work 1ced in terms of
the raaber of tasks performed per unit of ties. This w J.
is typically insensitiva to the coysitiw work 1ced associated
with meervisory unitrol tasks and racnitoring activitias.
Iang4mra emitzing is difficaalt for operators, and
perhaps ! I two operstars would be preferable to one in
am:h a situat;,cn. Pur ee& cperatcc, acrsitaring ch ties could
be shared with other unze actiwly<uriented tasks to achieve
noceptable wczkland levels for both operaters, thus nauwirsy
the heavy acnitoring burden fra a single cperater. 1his'

issue also relatas to the first two po;ntan in that hi$se
work 1 cad perhaps increased by cosaunicottone ard coordination
mi@t more stinenlatica for the operators and a arte
rol e control team.

Also, the workload ar1pment is aceshhat circular. A single
operator control approach leads to ircreased autcmation so cria
operater can perform all needed tasks. Then, d an a secord
operater is considered, it is rejected by indicating that chas
to autansive automation, there is only enough work at the main
ocnsole for cne operater. The more %% ate question to
addreas is est level of staffing, autaastirm, and allocatice
of function will nest the goals of safe and Isliable
perforunnan of the cperating crew and the overall systas.

2. Hi$ negree of Autoesticrg the increases in automaticm
(autcentice of tasks traditionally perfcomed by an operater)
and unhanced decision aiding in the AIMR results in a shift of
the cperetz's functica in the system frue a direct aermaal
ccritroller to a supervisory controller and system acnitor
(largely removed fram direct control). She shift in a hinen
operator's role aumy frta dizeot control is typically viewed
as positive frun a reliability standpoint sinom the innen
operator is ocneidered cme of the acre urpredictable
camperunta in the systas. It is generally premmed that
autanation vill athence overall system reliability by riswing
ce rechacing the need for husen motion. The operator's
parfarnance in the is bellsved to be improved by
freeing him fram wich are routine, tedicmas,- phyrically
demand;.ng, or difficult, thus, the operator can tweter
conoontrata en meervising the overall performanos and safety
of the systan. However, rather than ruscuing error, such a
change has frequently been associated with a ehlft of husen
error to hi$er levels in the systma dich are more difficult
to detmot and cpentity. Fcr example, evaluations of incrossed
automation in civilian aviaticn has led to the identification
of several new catagories of error that were intztxhmed. The
tantial for "new" types of arrors that can occur in an

p&7xed systmo should be reflected in the risk analysis.a
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'. 1his shift in role has implications far a wide range of
facters of ocnomrn in HE ficataling cperator selectim,
training and rh, and taman-systas interfeon design to
adagnetely suspart the new rela. since these effects are not
wall meerstcod, it any be difficult to assoas them.

3. t M =v h ematar Mas of the data en plant performance will
be presented to ths cparators em computar tened CRr screen
displays. These displays will replace cumenticmal indicaters '

su s as gauges and notars. Thus, the asthods by this thsee
data are presented is very laportant. Yet, deslgn
regairements waru notably absent fcr the display of data and
informatica (human-software interface). Mach detail is
prenantad en the hartbare aspects of the MI, e.g., use of
CMDs, har$mru swit&es, and econola designt however, the
methods and forests by thich infonsstim is displayed is not
dimw. Nor is the cperate-interface transaccAm
anthodology diew boycmd indicating that a dirwet

maj@or limitation sinos, in a ocupaterJri ocntrol zoca,
w at:.cn interface is plamed. The staff ocnsiders this a

display methodologies are at Isast as (and prtbably tars)
significant to safety and reliable operator partconance as the
har& ars design.

:
4. M hfveleav m . svuw Igg g g g aal As indicated in

itam 3 abcwe, alacet no_infacention was prtwided ruganiing the
display of plant data and infernecian. Fbr thces aspects of
the ocatani roca rustizuments that were described, many
represent limovative aggronchse for U.S. Blets. As noted in
the intrtAction, their sipificanon with respect to risk
mainly lies in unomrtainty about their impact en taman
perfconance and reliability, since the ocntrol rocas design is
not final at this time, the ta&nologies indicated below were
cnly described at a roquirseents' level, not a designa

implementatim level.

n--t Workstation ammata - The todcstation ocneole has been
.

designed for a single operator cxntrol &arirq normal
cyeratims and note than me &aring off-normal conditions.
However, it reemins to be validated that naaltiple cperatuts
can perform their tasks at the ---+2 console withoutintarfaring with and other.

CRr Displays - the primary display devices at the workstaticn*

are the seven CRDs. Pow, it any, traditicnal' indicators will
be used. 1has, not all data is presented to the operator at
all times. The acceptability of prtwiding " glass vinius" en
the process rather than conventional indicator displays will
have to be evaluated.

4
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., cworview sumary Displays - sirme m1y seven cstm will be used.

at the amenle to prwide plant status information, ==fy or
overview displays win have to be used (in omtreet to
indiviemi indianters an omwenticum1 bonads). The manoams of
these displays to present hierordilani status inforzetim win
Aspect the operstar's ability to unintain adegasta situation

, mereness. ,

poet switeam - the primary means of centrol win be through.

the use af software generstad contenis (soft centanis)*

presented a the c3tes ans flat pennis and activated through
taudi ameen irgut. She layest of this ands of amtrol m
opeaster performeros will have to be evaluated.

staEadat-assed Alarma - mile ease alarum will be presented on.

the wide penal in a acrwentional tile format, the predminent '

disp 1s,*' of alazzo will be en c3tr. She methods by whie alarus
are presented (e.g., lists or graphic tiles) and tra way in
die the operatore interact with the ocuputampanerstad
als.res any afftv2 sat . She impact of alarm aggression-.

technology en safety also repaire evalustian.

, Iarp wide-earnau nisplay -. She large overview displays.

represarit an imovative tadmal rust to the U.S. rnaclear
ineastry. The allocnition of infocusticri to the wide-
earmen display versus the console C3tas and the way in eie
the wide-ecreen displays are forsetted say impact safety and
win have to be validated.

There any be fWther desip potentially safety-eignificant
innovatiere as tne carsten1 ruas desip proceeds to final
implementaties. .

.

2.3 control Roca 1:tchnology Innovetlans

the intraMian of advanced and innovative tad.nologies into the
control rom be acocuplished at varicus points in the design
pecomes, inel :

ShorcuWt well-dars=stad, tcPdown system analysis nomaring.

wWata ancanticri of function to systas and operater control.
'

14&nology W and iterative design tasting to evaluate.

operstar and systas parfaceance.

One of human factore engineering guidelines and standards to.

aneurs that the design conforms to currently acompted human.:

engineering principles.

hplicit design objectives for developing errar resistant and.-

error tolarent desigri.

1s-?:
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Varificatien and validaticn (VEV) tastirg of the final design in*

' full-missicn" scontrica.

Based upon the informatiod pnwidad in SSAR Omptar is 'lianan Factas
Dgineerirga describirg the control ro:n design, it is difficult to
detarains the extant to With these risk management alaments aru beirn
nitraamari. 'Ihs design ma is discussed in detail, lut no results of
systma analyses, techn:iant as .ws, trade studies, tests and
evaluatierw, etc., are prwides Mar, since the design is at the
stage of req 11ruments oMy (xd m/, tinal design), re check cm the final
design is pcesible.

'Ibe cnly aspect of t.N risk nr.wycent activities alabcreatad in SSAR
Captar 18 (Refarwum 19.24s are those associated with the wwded
V&V approach in Se<:ticn 18.5. However, VEV activities related to the
ABWR centrol roca are identified as the applicant's riispcs.iibility.
'Ihey are centered cn basically three related sets of activities, rixst,
the design is evaluated with respect to the general design critaria of
10 Cm part 50 - Appendix A (Defersnoe 19.27) and the NHC rwpirunants
and guidalines as reflected in U.S. Nuclear Regulatory Wamico,
"Stardard Review Plan," NURIra-0800, Washirgton, CCC, Revisicn 1,1984
(Refennnon 19.28), U.S. INier Regalatory Ctrrdssicn, " Guidelines for
Ocotrol Rocxn Design Reviews," NURIr,-0700, Washirgtcm, EC,1981
(Reference 19.29), and U.S. Nuclear Regulatory Crmtissicn, "Clarific-
aticn of 'DG Action Plan Requirunents," NURITA737, Supplement 1,
Washirgton, DC,1980 (Reference 19.30).,

Secord, systm/cparaticos analysen are perfonned for nonnal and
emergency situaticns. 'Ihm objective is to evaluata plant cperation with
a specified crew siza and spacific centrol rtos design ircluding
intarface design, gvc.x:dares, etc. 'Ihe validation activities are to be
parformed on a functional prototype or simulator, or by walkthrwgh
where apprcpriata. 'Ihe acceptan:e critarla are scmwhat vague but
address roascrable high-level perfonnanoo dimensions.

'Ihe third aspa . to evaluaticn is a human ruliability analysis (HRA)
regairement. 7br each " primary operation acticn" modaled in the PRA,
specific referarce to the action (1) vill be clearly identified in the
EDP, (2) the associated controls and displays vill be evaluated by an
irdeperdent control roca desi review taan to be free frte any
significant Human Factors Eng irq (10T) discreparcies, and (3) the
IEPs asamwi in the WA vill be evaluated as to theic nascnableness by
an irdependent HRA review tama. Prinary cperator acticns are those
expe*4 to minimize the advarse ocnsegarces of an event wrialed in the
NA. mile (3) above should rot impact the human erginearirq design,
ard (2) shculd be dcne for all interfaces, it is a goed practice to pay

D spccial attentien to significant tnran actiens. (A similar analysis is
pcstulated for other htran actions rcdaled in the NA.)

l
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wtile the overall plan is renacrable, it is unclear Wry (or how) all of,
'these activities can be the responsibility of the applionne, since tant

and evaluaticm activities such as thane are intagral to the itarative
design and analysis proomes depicted in section 18.3 Many of the tast
actWities dancribed in this secticri shculd not be parfanned as part of
a final test. Ptr esmople, it seems ir%,hta for a to evalusta
the of the HEI desim fcur a specified crew size at the final
Ansip emmentation validatism or to mit witil final desip
iglamentation to ammars compliance with Mc pidance sucit as Nunn-
0700 (Datarance 19.29). Crew siza validation is critical to ocritrol
nu and proomero development and should be dotarained mly in the
design. Yet, these important desip considerations are to be validated
kf the licensee a6plicant at the validatlan shnee. In the sta.ff's
cpinian, these design features should be evaluated such earlier.

1

4

e

4

m

>

.

.
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19.3 OdCJIATICH OF CGT M mc ITE 10 DIMM DfITIAE EVDTIS.

3.1 Intruiacticn

Intarrally irWated wants are thcee Wtich originata within the plant
itself, as ep.M to earthquakas an:t other wants generally consida::w:1
* external." Intamally initiated events include transients and In:As.
In additicn, loss of offsite pcuer events ari ocnsidered intarnal wants
for PRA purposes. Accidents initiated during ful.1 pwar operaticn were
ircluded in the subnittal and this ruview.

3.2 Initiating Event Tregaency

2's analyses of various initiating events, includirg unplanned marual
shutdowns, are prwided in Agpeniix 19D.3 of the PRA. 'Ihe frequency
estimatas of the various initiating wants are prwided in Table 19.3-1
of this riport, alcrq with the staff's acreants. 'Ihm detailed finiings
art as follomst

1. 'Ihe fregaarcy of marmal shut &wns (planner! and urplamed) is based
en *he results of the aralyses docu:nented in }URII/CR-3862
dwelcped by the Idaho }4ticral Dgineering Laboratory (DEL,.
'Iha staff rotad that this fregaency (one marmal shutdown went per
h) is M=1 cn cperating reactor experiaroe (
calendar year 1985) in the U.S. Itwaver, the new 2 ABWR des
will have more redundancy in safety systes and may have bettar
cparating characteristics (with swd to imprwements in
calibration and maintanance prrr*res affectirg human ruliability
issues) than existing IMR plants. '!hus, it is p:ssible that the
actual experience for the ABWR will be scre. tat bettar than that
estimated in the PRA. 'Ihe staff finds m's estimata to be
wwiata at this design stage.a

2. CE's estimata for the frecpency of vessel isolatica (ircludirq
loss of feedwatar wnts) is about 0.2 par rector-year, M-1 cn
the EFRI AIRR requiranents hW (Refarence 19.2). '!his
estimata included contriluticns chas to leIV closure events, losses
of con $anser vac2:n, ard presurru regulator failure events. 'Ihm
frecpency of vessel non-isolatico events (i.e., a reactor trip
with bypsa valves available) is about 0.68 per reactor-year. E
claims that these frerpency estimatas are consistant with the
predicted scram frequency and conaspcidirq desigr. requirements
&amaritad in the EIRI AINR Rerpirements MM
(Refazines 19.2). 'Ibe staff notad that cmpnt operatirq reactor
experience irdicates a value close to hbcut 2.4 per reactor year.
E has prwided neithar highlights of the AIER design imprwenents
in the balance of plant (BOP) systes ror applicable referencus to
such BOP irprwaments in the ABWR IPA to aqport the estimata of
cnly cne reactor trip per year, Wiich is lower than current
experience in the U.S. The staff also noted that, due to lack of
design details at this stage, the staff has usal one event per
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year for the loss of feed etar frequency and one event par year,

fcr the M1v closure svent treausecy in its rwiew of the AEWR,

75m. Osless a can prwide more ju6tificatim fcr its estiastas,
the staff's estiastas were ocmsidered to be %,iate at this

,,

desMp stage.

3. E's estinata for the inadvertant cyan relief valve (IC5tV)
frapency is about 0.01 per reacter-year. S e staff rotas that i

this estiante is sabstantially lower then the value (0.07 per =
Weer) used for the Linaricdt plant (asterence 19.23). E i

'

has not prwided detailed doctmentation regarding any destap
imprwuments unde to the allti-stage relief valves to be installed
in the future to mapport this lower unreliabi.lity value. -In the
abomics of widence to the ocatrary, the staff has used a higher ;

value (0.1) for the ICRV svent for its-independant assessment.

4.- Se staff's twiew of the Abet NE indicates that W did not
doctment the details of the ccetributice of support system
failures (sudt as Ices of DC power, Ices of service water systam) -

as initiating events. mis is an cutstanding itan. E should ;

consider the igact of the partial anyce total failure of tha - .

sgport systans (sucts as the Ac power systam, the DC power systan,
the heatino and ventilatica systs, the service water system, the
reactor M 1aing cooling watar systas, the rematar service water
system, and other applicable maciliary systans) cm plant trips as
applicable,-including submepnt dependent failures of the - |

mitigating systems needed to prwide a vecesi coolant makeup
ftmotion anycr containment heat removal function. Se frequency
of failure of the mapport (as an initiating svent) should
be estinated bened cm the cal fra pency of one agpart
system train failure in ocekiristion with.the failure of the other
independent trains of the agpart systas (including econce cause
failures of the rest of the support systamm), and operater
recovery of the initially Icst support systas train. In. -

developing an svent tree for the agport syste failure as an
initiating svent, attention should be given to the dependent
faults of various croponents of the altigating systans to be'

acdeled in the accident eespanoes. .

5.- S's estimate of th ices or offsite power frequency is about
0.1 per reactor-yetr. - 28. estiante is bened on the values for an -i

svarege site documented in the Mnc report, " Ices of offsite Power
at U.S. Nuclear Pwer Plants - All Years threup 1984," NBAO-111,
EHtI H5Ac, dated May 1987 (asterance 19.31). However, for the
puryces of frapency estination of the loss of AC power event, a
should consider sitepific pareesters-(as indicated in the- ,

staff's licensing rwiew basis +==it), sudi as specific causes
. (e.g., a esvere stcra) of the Ices of power, and their impact en
recovery of AC power in a timaly fashicm). . S e staff has
considered the igact of site varisticos (persestric variation in
the Ices of grid power frapency) cm the corm' damage frequency by.

,
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including it in the urcertainty analysis, as tW in secticri s.

of Referunas 19.20 (see 'hble 19.3-1). 'this la an interface
respirement.

6. E's estimetas for various Wated IDcn events are also shchst
in 'Itble 19.3-1. 'these frapancy estiastas are the ames as those
documented and accepted in the estar PRA (Raference 19.22). 'then
staff finds m's estieste to be appaquriata at the design stage.

7. 'the staff noted that a did not gewide results of accident
analyses of postulated interfacing lock events as applicable to
the ABR design. 'this is an caststanding itan. Special attention
ehtstid be paid in investigating various toys of obtaining ar4
interfacing IDS event. Itass to be considered should include, as-
a minim a, the following the number of valves, if any, co:1weted
at higt and icw pressure bcasidaries of the zusator primary systant
the types of valvest prwisicum of the desip-spelfic tedmioni.
epecifications, "Amendeant 9 to mapter 16 of the Abe Safety
Analysis Report," Docket 50-605, dated Novud er 17, 1989,-
(Referunas 19.32) with respect to tasting and maintenance inter-
vals, and postulated post-tasting and an;mtananos errorsi valve
positica indication an#ce its aquivalent, in the unin control
roomt pressure ruting of the downstream piping, pewisicrie of the
reacter primexy systen gecast;7 with roepect to ocrimarvation of
mens of the primary systant ar,s ccrtirmand core cooling with the
unaffected system, if arqr, diaring an interfacing IDCR event. GE
must estiasta the frapenoy of interfacing IDcn events to account
for the above censideratiens and historical data -(mach as the
event nich occurred at the Matcts facility).

8. -'tha staff also notad that a did not docuamnt tN results of the
accident analyses of postulatad IDCh events outside the -
ocritairmant (in particular, staan line breaks in the McIC stana
piping and the 19G lines) in cambination with failure of the
isolation valves. 'this is an cutstanding itan.

3.3 mm=== critaria

m's cars cooliry axwes critaria for transients, postulated Loch
events, and failure-to-ecran events are prwided in secticris 19.2 and

;19.3 of the AIBM SAR. . Jhs staff's twiew indicatas that a has'

dotarisined design-specific cars cooling ==== caItaria teticis are based
en realistic thermal-hydraulia ('!91) calcattaticris and aneusytions, armi-
has h==qtad this as part of its rwised mianittal to the staff's RAI
(Raferences 19.9 and 19.11). For mesple, following the ICRV and stuck
open relief valve events, a has determined that the Rcre system alcre -
cannot prwide sufficient coolant nakaup to the reactor (das to lack of
adficient staan)' and has modeled tne systmo charactaristics accordirsgly
for the ICRV event and staticn blackout events (based cri availability of
battery power for crtly eiW2 hours). - No.ever,the text that describes
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', the IC5tV everf, is inconsistent with the IW event treme (1tble 19.3- !
3). mia is a omfirmatay item. j

.

As part of the risk rWaw, the staff raised aposticms (Parmna 1s.u)
regarding the of me of the three NR trains to ressve best i

frta the pool fellowing a failure-tcMecram event in !
'

cambinatism with a vassal lealstim svent and the failure of haran
injectim. . 'As part of the staff's reactivity accident analysis efforts, '

detailed amiculations were performed-in Mast /CR-53ss, " Reactivity
Transients," dated Jarmanry 1990, (Reference 19.33) to predict the amount'

of hast predaned follwing a vessel isolatism event and the additimal
demand on ion pool cooling systas. 1he staff thereby
estarmined t tne (rather then one) of the three NR trains will be *

required to pewide adspeta pool cooling follwing a failure-tcmmaren
event with a failure to prwide pciam injectam. In a response to the ;

staff's Rh!-(g725.45), a pewided the results of its thermal-hydraulic
calcaalaties for this A215 somnario. 21s response confirms the staff's
finding regarding the minima sgpressian pool cooling rapirements.cf
the Apat NR systan. ;

'1he staff also notas that additional investigatica is amantly aderway
to detammine the logical minissa injection flow to the vessel needed to .

. avoid core damage following a vessel iclatica svent cogled with '

failure to morem and failure to prwide poiman injectim. Preliminary
calculations indicate that a ficw reta of 800 from a NFCF train !

alone any not be sufficient to kamp the water abcwe the tap at the ;
active fuel for the above somnario. Manneile, the staff has used s's
eucomes critaria for the M1V c1caure event in its rupentification of
the Jms-induced empance frequencias. However, if the final theruml-
hydraulic miculatione demonstrata a need for two or more trains cf the
hi@ pressure injectica systems-(that is, more than an too gm flow
rete) to svold core damage for the above scenario, than the cworell' ABIGt
core damage frequency and risk could increase migrdficantly. _1his is a
confizzatery itas.

,

a should pewide further document.atica in the area of =ww=== oritaria,
as described in this emotism. -

3.4 Accident sequence Definition ,

s's M-= mien of accident sequence definition is gewidad in sectica
'

- 19.2.3 of the ABS SAR.E The - -ficru used to define and devole
accident sequenons are the same as thces docassanted in Aspendix A of
neferenos 19.2. - Basically,-all of the m Magt sagaenons are assumed to
coeur then the reacter is at normal full pcuer cperation, and a
transient.anyor a postulated IIx2 challenges the safety systans. a ;
has made use of traditicmel (WMti-1400, NURB>-75/014,-. 9aar*ne safety '

Study, An Assesment of Accident Risks in U.S. Ctamarcial Nuclear Power
Plants,' dated Octcher 1975 - ose Reference 19.34) svent trees to'
develop oore damage accident eagaenome following an anticipated
transient or a postulated IIr1. This event tree anthod used to deve1@
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ampenons is acceptable to the staff. Os follcwing are the staff's*
.

general enervations cm s's application of event tnes |

i

1. the development of event tress for various initiating events I
(ar*idW ce postulated) has reflootad operstianal |&aractaristics of the zusatar primary systas as it is intended i
by the Amst Muss desip and has also reflected realirMe crue
conting critaria (as pewicaanly discussed). She statt notas that

:
the timing of varicais demands for estety fmotions has been '

reflected ,cWataly. m e staff also notas that the modeling
of the present state of a par +1ad- brand point (in par +iadar,
syste unavailability and fedlure of heen recovery or :,

restorstion) ir. any given event true, has reflected the pewicus
statas (===== ce failure) of the preceding brant pointa,

,

including the initiating event. The staff did, however, find one
minor errure in the a event tress. These errors are addressed
later in this section and in Referenos 19.20. All staff |
calca11aticre have been bened upcm the corrected event trees.

1

2. The staff notas that the espanos devolcpeant has been terminated |
then the failure or suooems of achievement of hot shutdoun i,

ocnditiens
Specificatio(ns &xamented in Referenom 19.32) coeurs.as defined in the Abet desi,. .+4.ific Tactnical.

In other |
words, the empence development .(like that of the NES analysis *

decamented in Referunas 19.34) has not been carried out to onld
shutdom conditions. i

The staff also notas that (as in anst SRAs) a has not applied
event trees or agaivalent anthods to develop secpanons that could

- coeur &aring operating modes other than full power, saae as the
startty and refueling andes. The staff believes that risk (cue to
certain sooneries) could be incmarred &aring the refueling opera-
ticnal conditiens as pamitted by escisting regulations. She evid-
ence for this belief is frca detailed espanos analysis performed.

(Reference 19.33) for the refueling ude of a typical Bet plant.
7br meeple, one of the critical secpances involves inadvertant
loading of fuel assemblies with two (airC m legioel) adjacent
ocntar.1 rods withdrawn fra the core with the vessel top head and
the reactor arclamare being in an open condition. a has ,

suhaitted a esparata evaluatica, Chaptar 19, Aspendiac L, "Amst
stastdcam Risk," to addreas these immuns. This appendix is caar-
rently under staff zwiew and will be addressed in a sapplement to
this set. An adecpate trestaant' of shutdown risk will- be respired
price to desip certificaticm. 1his is an cutstanding laeus.

3.5 System Modeling

a has used the traditional fault tree method to develop varicmas systan :failure pain 1a (ocabinations of -

4. failures) Mticts are used todevelcp an estimate of various s+ystan unavailabilities. A cordensed
versica of these fault trees (17 trees in total) for varicais safety

6
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systems is hW in Appendix 190.6 of the Alsa sMt. A mamary*

,

dancription of system design featuous affectirq unavailabilities, and
the staff's smluaticms of them, are prwided an Sectioq 1.9.2 abwe.
She staff notas that these systan andals are greged bened on fcur basic
safety recticms (demoribed ln sectics: 19.2.1), namely, reacter coolant
meksg, ocntainment heat maeval, reactivity ocntrol, and other
maciliary asports. The statt finds GE's asthod of egioying fault
trees to devalg functicmal failure modals to be acceptable. The system
modal denicped by a also includes ecubinaties of train level
ocgcmants er suboaspcmants for systes such as the nigh Pressure oxw

needer (HPCF) and the Iow Pressure Oms Moeder (Ucr)in the syste
syst e The

staff also firds that the limit of resolution empicyed
failure model:is ocnsistant with the availability of failure data for a
ocagxmant or a subczmponent.

The staff notas that 3 has ocmsidered varicus opraticmml (normal
operating and stanty) charactaristics of all the tztet line and apport
systes as part of the development of the systaan failuru models. In )
particular, the DCr syste failurs models have reflectad design- |
specific onpabilities (e.g., unigas Ngt room coolirq design |

regairements), and emergency go. Mrss to charactarise the available l
minimum recovery time (a critical parsestar in ocntairmant heat rencwal

:analyses) to be andaled in the syste andal.

The staff regaestad that a ecument all critical ammaptions affecting
the systas failurs models. E pcwidad, as part of the AIBR SSML
Amendments (Referenons 19.11 and 19.14), its responses to the staff's
Du in this area. The statt finds these respenses acomptable.

As part of the staff's rwiew, the system failuru models (h-itad in
the form of fault trees) were regantified for various safety systes
and systan ocabinations (such as NFCF train B and train C) ard the
regantified results were h-stad in'Section 4 of Deferen 19.20.
These results, with staff ocuments, are pewidgd in Table 19.3-3 of this*

report.
.

It us notad darirq the rwiew that ocumacm sede failurus were
irmg tad into the 2 acdel at the train level of each system. Due
to the fact that the calculated acre damage frequency for the AIBet is
gaita low &as, in part, to the endstance of sultiple redandant systas,
ocanon mode failure probabilities oculd pensibly dcminata the results.
Sharefore, the staff requires further ustification fme as that its
train-level ocumen made failure analys was able to capturn the full
contribution to ocenen made failure probability had it been cmiculated :

at the % A. level. This is an cutstandirq itas. '

- Except where explicitly notad above, GE has adequtely and appztprimtaly
generated fault trees for the various systans, and has cuticulated
estimetad unavailabilities with Wtich the staff has found no reason to
disagree.
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; In developing the Amst PRA, GE has had to anka assumpticme about the
des and reliability of systes cutside of the Amet desip

fication. Since the emaip of these interface systans are outside
of the soaps of the certified domic and are the respcasibility of the
utility /agplicant, it is laprtant that the reliability assunpticms and
risk-eletti:nnt insights used by at in developinn the Amet PRA are
tzensferred to future agplicants. 'Ihm staff requnzen that f.E pawide a
list of these interface systas, the ammaind reliability for aed
interfaan systan, and any safety sipificant insights a balisvos are
important to desiping the interface systaus to most the - -ims of
the H E. 'this is an OJtstanding Item. Future e6plicants must
desmetrate how their desip for interface systans outside of the Amet
omrtified design ansta the reliability ammapticms and assign insipita
prwidad by E. 'Ihis is an Intarface papirment.

3.6 Data Analysis

3.6.1 Hardware pa11 ability Dats Analysis '-

s's reliability data for various ocupcmants are prwidad in
Appendix 190.6 of the ABEL SAR. s's systematic doclaientatice of
the Abet desiiiir. ., ific data for varicus safety systans includes
(A) General Electric h==rm 22056, Rev. 2, "Philure mata Data
Manual" (Rafarunas 19.36), (3) MSSAR II SAR (Rafarenos 19.22),
(C) D3 ABGL EX5 Instmanentatism Fault Trees,1987

-(Referinos 19.37), and (D) IEEE Standard 500, 1984
(Reference 19.38). 'the staff notas that, Warsver the design-
specific data for anstain Amet component are not readily
available, a has employed GessMt II data and IIzz 500 data for
similar Amst ocuponents. 'this method is acomptable with respect
to syste unavailability gannt.ification purposes. However, a
abould prwide doomentatica on the justification regarding the
applicability of certain generic ccance caume/ mode failure data to
Aset design-specific omycmants (sudi as the diesel ganaretars,
the HP7 pumps, the IDW peps, and the Net heet exchangers)
involved in the system unavailability andaling. Amst
justification should also include the aanditicas unde" Wtida
generic ocumon asume/sode failure data were evaluntau, and the
Aset desim. witic omycmant data as andaled in the PIE. 'this
is a ocmf:.rmatory item.

mar twiew also indicates s's use of the reliability data for the
= individual ocupcments of the Aset desip seems reasonable with the
exemptian of the of use -(in the Amet design) of the
following + %

1. 'Ihn Ngt pap medanical failure.
2. 'Ihe HPT pump (no experianos cm sudt a %-A.).

GE should pcwide justificatice for the use of its data for the
above w - ,ts. 'this is an cutstanding itan.-
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the staff, as part of its twiw, perfM an unometainty !
analysis of certain critical parimeters, but based m1y m '

level and laman failures, and doomented the risults in 7 |of Refesunse 19.20. thnestess, the staff's unoestainty estiastas ;
coi the Aum cars doenge trupaancy do not incatute the tapact of
large varistissie, if ary, in the above critical cp.

,

3.6.3 'mst and Maintananos cota Analysis
,

s's estimetas e unav=41=h411ty es to test and maintenanos are
|pewidad in Appendix 190.6 of the AB0t SAR. E's svetamatic
i

docusantation of the Aset desigrMpecific test and maintenance ;
data for various safecy system comycriants (the Hpc7 pop, RCIC
tusbine lutrication system cogonants) includes: (A) Omneral
riectric nsaa--se saAsa7s, Rev. a, appcr 'midiniemi specificaticrina

(Referinos 19.39 , (5) ENEAR II SAR (Referunas 19.22), (C)
General Electric) Document leDC 3093EP (Referunas 19.40), (D) IBSCG
Tactinical specificaticos Imptwesent Methodel , part I, 1ses ;(Refersnos 19.41), and (t) the Aam desi fic 'mctinical
spe:!fications-(Referanos 19.32). E has also docusanted the ,

*

authode of analysis and remalts of data en wievallability &as to ;

test and maintanence for certain critical Abet acapanents. -It is ;

- also notad that, for certain Abet otapenants (the Mctc turbine
!pump, the NFCF pumps, the IUst peps), 3 has employed the use of !

masAR II deslept information to obtain data en unavailability &as
to test and me:mtenanas. Iknever, W has not pewided I

1

$ustification regarding the applicability of mesAR II desip !-information to the AB0t des (cri a train beels). Sudt jus- i

_

tification should also inc1 _the differences in desip features, ;

if ary. this is a omfL---Wi itam.
43.7 Itman Reliability Analysis

1he purpose of this poeticut of the twiew is to assoas the ABEL I
Probabilistic Risk Assessment (NUQ related Ihmen Reliability Analysis-.- i.
(15m) r i 12 rwiew items. 'these items relate to ISE dommentation, the
material avai1=hte to appcst the IEE, the of analyses performed,

,

t

the gaentification methods and performenos ing facters utilised, the icompletanees and types of innen actione modelled, and the sources of
generic data used. In additim, sinos the Abet will include more
autcentim and advenood M Wa= interface tactinology then prwicus-

,

:
rsaclear power plant desipis, the twiew also focuses en how the effects . -

of the advanced tactinology (cn the gerator's role /taska) are addressed
in the len.

The rwiew authodology, results and ocriciusions are presented in the ;
following emoticris. i

-4
!

i
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3.7.1 len noview plagy.

3.7.1.1 Amet 7m/)en novim Critaria

1. Adapacy ard ocupletanmes of the ha=ritatism - the
documentatics) of the Ian should pewide a denaription
of the analyses, an audit trail for each analysis
performed and each human arrar pntability (HE|P)
derived, supporting rationale, and source antarials.

2. Material Available to Suspart the POW = 1he antarials
(such as gaml #danos ard otr7tzt1 roca penal
dosi intornetian) available to the HRA taan shcn11d

de a clear understanding of htman imolvement in
the Amst.

3. V Je Analyses perfemund - The human-eystemi
anal perfeenmed (such as estalled task analyses)

d pewide a clear understanding of the task
regainenants and demards an the aparating staff, their
intarinous with plant agalpment, and the time
constraints within 214 critical tanks unast be
acccuplished. Also, the Isman-systam anal should
pewide a clear understanding of how this ledge
was used to empport the 794 andal develogment for the
inclusim of Isanan actions in the everst and fault
tzuss. Finally, the humarMuystes analyses should
demonstrata how state of knculedge technigaes were
used to evalusta the utilisation of screening analyses
rA other taenigans to idedity important human
actirra.

'4. Types of Human insk Actions Analysed - - the extant to
Wich the variety of laman interneticrw with the plant
systams and + - Ra were considered and how they
ware modelled. As per the Pia navim Nhrmani,
NLaskm-3445, dotad 1M5. (Rafersnos 19.42), the husen
acticris should include a perating, ca'ihreting,c
testing, monitoring, communicating, rompanding,
inspect.ing, Wng, and annaging.. Attention was
directed to the fellowing types of notians:

L Mderst and &LErrors of rainnim a%ident human actions,
-

rd trumiamien,-

ptarmilbraticm and minnetoraticm (%- t-

zwetoraticriarri:rs),
Cbgnitive erstes
Recovery arrers., and

*-

-

5. MM of the }kman Acticri M:dalling - Phanan actions
should be mMailed within the event and fm11t trees.
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6. QuantifIcaticm Methods used to Estiasta HEPs - The
NIA should use M authods (such as TW.hnique for
namn Errw Data Predictim [1HDtP) or Raman Cognitive

,

Raspess.ptm?) to gaantify the errors in tarus of lImps and span:fy est tp of behavicaul/performanon '

andals (such as actica dagendency) were utilised.

7. Perforunnae Bap Factars (Psrt) Evaluated - Pens
should be used to inmen artnes, how they are
charactarised, and how their effects are gaantified !

and used in the analysis.

s. Treatment of Advanced 1*hnology - the influences of I

the advanced tachnology aspects of the Amm shculd be
acocasited for in the analysis. In additicm, the FRA
andal should reflect the changes in the operstar's
tasks and role in the systam resulting fra the ..

increases in systan autcasticm. 1he HRA methods and
data should analyse any advanced techno1cgias. ;

9. Generic Aman Error Data Sources - the HRA should use !
!.- generic saurts data far Hp estiastas.

-
. ,

10. Geners11satism fataa Earlier Piths - the analyses and
data frtas earlier PRAs should have a raticmale to
justify any generslisations, and if/ dry /how the values _I

wars unditied for use in the Amt. '

11. Sensitivity Modelling Appecach - Sensitivity or
uneartainty analyses should be performed on the HEP
values; and should state how arrue factass were -

determined,' and eat critaria were used for patforming
the analysis.

J.asi@ing plant risk and insi@ts should be factored
Gained fras the Analyses - Emen acticms12.

lapact
Anto systas/aperational desim. hlike asst PRVHRAs,.

tich are parfamed after the plant is designed, the
ABR MtA/HRA can be utilised to pewide informaticm on
siydficant or sensitive human noticms Wd4 can be
used as an irput to design of hardware, software, and
,c.._twes. .

3.7.1.2 h = itaticm Scurces

1he main source of informatica cm the HRA was the A5m
Stardard safety Analysis Repxt (SSAR) (Defarance 19.24).
The pertinent sections in the SSAR wart true Chaptar 14, '

.
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*}kanan Factors Dyineerirn," and C2uptar 19, "Desponse to.

Severs Accident Felicy Statmeerrt."

In additicin to the SSAR, avveral other sonome of
inforsation wrs used:

GE's responses to the Recpest far Adiitional*

Information (RAI) gaesticris 620.6, de'. .d Octder 9,
1990 (Raference 19,43), GE roep:nne to RAIs 620.7 ard
620.13, dated Oct&me 9,1990 (Rafarerce 19.44), and
GE riisp i to RAIs 621.1 throup 621.11, dated
bK 2-r 17,1990 (Rafarances 19.24 and 19.45) .

Informaticn obtained cn advariced technolcqy aspects of*

the AD4R cbtained in the afbruign Travel Trip Raport -
Japan" in Octehar 1990 dated Der 12, 1990 by the
review team to Hitachi ard Tenhiba (Refannoe 19.46).

GISSAR II TEA (Refarwce 19.22).
*

Handtock of }hJman Reliability Analysis with Dphasis*

on Nucinar Power Plant Applicaticns," NtmD2/cR-1278,
Draft Repcet for Intarim Use and Cms it dated 1980
and Pinal Report dated 1983 (References 19.47 and
19.48).

Systematic }fuman Action Ra11 ability Procedurs (SHARP),*

EERI NP-3583 dated 1984 (Raference 19.49).

Pcat Event }fuman Decision Errorst Operatar Action*

Tree / Tire Raliability cerralation, HURD2/CR-3010 dated
1982 (Befareros 19.50) .

3.7.2 }SA Review Resulta

3.7.2.1 Adequacy ard Ompleteness of the
Mmaritaticn (Itse 1)

Review Itan 1 is fcund to be an cutstartiing itma,

The }mA-related dcoamentation prwided in the ABHR Stardard

Safety Analysis Report (SSAR)in tarin of prwiding thewas found to be inocuplete
are, therefors, not adecpata
infonnation www to emduate the appread taken to }unan
acticn maalling in the FRA. Detailed rationale at
M-icn for the HEP estimate was prwided for caly six of
the human acticns nodelled in the IRA. In genaral, the
docunantation did not identify the type of analyses used,
hcw the }sA analysis anothods vari frplomanted (such as
specific refaronom to
Ballability Analysis parts of Swain's }kW of HumanNUREG/CR-1278, Rafarwoe 19.48 ard
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19.43), Wat perfonsnee e la and rarfornece shaping.

factors urs ccruidssed, or how HEPs were s
Smeral taman acticru identified in "+pantified.- s failurs rata
dataa tables were not identified in fs11t taas and imman
acticru found in the faalt trons that wars ret listed in the
tables. Par maaple, F W it Ta m Figure 190.6-16a,
ananotivity omtmlaa lists 41. tar Falls to Dttibit Ausa
(AtsDt) but was not listad in Failurs Dsta Table 190.6-4,
'Aus Failurs Data,' dtices lista or should list all failures
ammociatmi with Ats.

4

4
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3.7.2.2 Material Available to Sunurt the IDW (Itm 2)
.

Daviw Itm 2 to ford to be an ithrface nqinsoant.

Based up:n the informaticn cantained in ssnt capters is ard
19 and GE's roepcnse to RAI Questian 621.2, it was rot
pc;nsible to detartine dwther the antarial available to the

~HRA tasa was ta for a detailed waluaticn of humanactim or an ta of the Mt:Ps. mile RAI O.msticn 621.2
specifically asked for this information, GE's response did
ret dinctly kitrams the racpest. In Section 18.5.3.1 arti
the r-fusie to RAI Qusation 621.2, GE inlicated that the
HDs are to be validated by an inkWit 10% team after
arkiiticral design detail is available.

3.7.2.3 lavtan-Systm Analyses Perfenned (Itm 3)

Br/iw Itm 3 is fewrd to be an intarface rugairement. '

'Ibe available dec.muntien pzwided little widence that
thorarpi humn-syst.as armlyses were performed in support of
ABHR 1RVHRA activities. RAI Questian 621.11 was a direct
req.wat for intceraticn related to the tannan-systmas'

analysis appnache ircluding use of task analysis, HEP
estintien methods, sezionirq analyses, and HEP modification
for the Abet. GE's zuspense to the question did rnt adiress
task analysis. In respcome to Questian 620.6, it was
inticated that syste-level cperatire gic tmas and
amsepency gec Mrs gt11delines worin used as a basis for task
analyses (in sugport of marMnechine interfaos design).
Ihwer, as inilcated in Gt's resp:nes to Questian 620.13,
the sample task analysis Wicit was prwided for rwiw was
tot to a suitable level of detail to sutport the HHA. In
respcose, GE irdicated that the task analyses vill prn,aari
and hamna more detailed in an itarative fashion as the
design t- bottar developed. Further, it is in11cated
that tank analyses for transient ard wirb=1t scenarios
estimated will be performed.

3.7.2.4 Types of Haman Task Acticne Analyzed (Itma 4)

Daviw Itan 4 is found to be acceptable.

Based on an analysis and classificaticn of the humn actions
identified in the fault and event trees (Rafererne 19.20),
thare appean to be a gocd mix of t,(pes of luman
intaracticos in the ADHR.
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' 3.7.2.5 Adequacy of the Mann Acticri Madalling (Itan 5).

AvvMy Itan 5 is fcurd to be an intarface recpirumart. !
1

*4* AAJt taasen acticm andalling appears to be tensenable in I

*,eyM of corwenticmal contaal boards. Housver, since the |
ANA has an advanced main onntrol board, there is a conomen j
nieu.* the adegancy of famen actimi medalling with regard to
itH firvarensed autmetion and advanced tardinology. Also, |

'tf am were event true branch points depiotad as hartare )
telhas that shculd include important laman actions, but iestertly do not, Ptur auseple, the failure to recewer

+

offsite pcuer or one diasal in either two- or ei@t hour :
#4m2 points, dancribed in ERAR ttable 19D.4-7 for Icos of I

tthhit:a pcuer and station bladuam (580) overt trees, should :

)Wat a hearttad laman action component.
!

,

;

3.7.2.6 Omntification Methode Omed to Estimata I

tkman Etter Probabilities (Itan 6) ;

;

Dwiew Itan 6 is fated to be an outstanding itan.
1

the Aset human action andalling appears to be runscmable in
ttres of corwentional armtzel boards. However, since the
NMt has an advanced main centrol board, there is a ccmoarn '

,

.

abcut die adequacy of human action andalling with regard to
'its increased automation and advanced technology. Alao, ;

these were event true brandi points depicted as hardware
!

-

failures that eheuld include laportant taman actions,.but t

apparently do not. Ptir esemple, the failure to recover
offsite power or one diesel in althat two- or el$t4maar
beendt points, dmooribed in 8BAR inble 190.4-7 for Icos of

.

offsita power and station bladecut (380) event trees, should
have a laman motica ocoponert idticdi is not doomented.

,

,

3.7.2.7 performance IR) aping Factore Evaluated (Itan 7)

Daview Itma 7 is found to be an interfaos requirement.
._ r

ammed gem the available documentation,-it did not appear
that parformance shaping factore (Part) were considered in '

the ign. 75mm for Amet laman actions were only described
within the ocatant of three errore. Even for these three
errore, the trentaant of Psms in the docinantaticm was
inocepleta. Pbr errors taken frts the GSSAR II PRA, PsFs '

L were caly considered for the enlibratice of eenoore acticos, '

and this was limited to strues and dependence. than toL
L

|
insnaturity of the design, important Psms such as emagency '

.
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c5mrating w ttres (IDPs) ard human-syrte inurfaos (}CI).

design were tot aralyzed.
|

3.7.2.8 Treatment of Advarced 'An:hrology (Itam 8) )
Asview Itas 8 is fourd to be an intarface twpinnant.

As prueently h=mted, the HRA is limitad in its tr9at2nent
of the wharced tedirclogy aspects of the AIHR and little
eviderce socista that the dargirq tule of the cperatcr &m
to increased outcentien was armlyzed for its HRA

i

,

implications. RAI Questions 621.9 ard 621.10 s
1rupestad informaticn cn these issues, h: wever,pecificallyE's
irespcnses won spane ard did tot address the cpestiens in s ;

direct sanner. In the respmee to RAI Question 621.10, E '

inilcated that an irdeperdent HRA tana vill validata the
AIHR }EPs (see also Secticn 19 3.7.2.3) ard that this taan swill also analyze potantial answ" operator errors. 'na
identification of new c5erator arrom could potantially
recpire mA rwodellirg ard/cr cause sigrdficant charges to
the HRA/mA resalts.

' 3.7.2.9 Generic liman Error Data Scuztes (Itm 9)

neview Itan 9 is found to be an outstandlig ita.

In general, the ch'mantation in the SsAR prwided general
infonnation cm the source data used for }EP estimatas.
Mdle methods were identified, such as NURD3/CR-1278
(Deference 19.45) which ocntairs such data, references to
specific data tables ware generally rot in the h==nta-
tien. In addition to NURB2/CR-1278, fcur other generic
sources van identified. However, two of these turned out
to be seccodary sources, both of Wtich identified the same
time-reliability corzulaticn ('Isc) figure originally
published in J. Wreathall's "Oparatte Acticn Trees: An
Agproach to Qaantifyirq Operstar Error Probability Durirq
Accident Sequenons," HUS-4159, datmd 1982 (Reference 19.51) .
2 should also justify the use of human arror dataMaam
Wtich are largely MW on simple marnal control tasks (such
as is provided in NURIC/CR-1278) for estimaticn of
(nonitorirq ard apervisory crmtrol) operator tasks in an
advarced reactor.

3.7.2.10 Generalizatien frun Earlier mas (Itan 10)

haview Itm 10 is found to be an intarface requirement.

As irdicated in the SSAR, M of the HEPs ware taken fzun
the GLESAR II WA (Refererre 19.22) . 'Ihe use of these
valueo was judyrt accxptable by E because of irproved
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W. q& interface design and grestar autmetim. Ira ;*
.

gearsi, the Hps were not modified for use in the Amst. L

the staff Ins annelude that a should justifv the Ugo of
;

WEEMt II 3 Ems since a detailed analysis of mean actiane,
>'

in the Amet has _not been omqdetad and the dessgn and i

putoukasl detail has not been capistad. !
i

3.7.3.11 sensitivity and thometainty Modelling Approne j
(Item 11)

,

Rev'iew Itam 11 is foisd to be an outstanding itan.

the available documentatim did not indiosta that >ar :
eensitivity analyses or Imp moertainty bourde (or armr !
factors) were analysed or calculatad for the effect m core
damage impaancy. ;

,

3.7.3.12- Insi$sts omined from the Analyses (Itan 12) ,,

Review Itam 12 is found to be an omfirmatory itan. .

.

The staff has concluded that a has developed a reescrieble
plan to une information and insipits gained fma the istA to_.

aggott the systauVcperational desiJt.- the acceptability of
arv inei realised fmn the 8514 however, saast await

i further ip devalepeant.
,

3.7.3. IgqA Review conclusians

Althoudt thers are several strong poirts in the Aingt ynn/ peta _
?

'

process, the IstA documentation is gerwally lading , there is
.

11ttia evidence of dwtailed analyses, many Hps are assimilated
into the Amst IstA tma en earlier NtA with little objectiss -

. analysis-based justification, and at present, thers does not '

_ appear to be enah consideration of the advanced teenology aspects
of the Amst ocritrol roma. . With respect to the latter two lasues,-
S plans to " validate" its letA with the truf:, endent analysis of an
letA review penal, but this has not been acomuplished. In this '

eenes, the IBIA is still inam plete. The identificatim of-.

siysifloent ansW" operstar errors could potentially rupire Ign
remodelling aru%/or cause siptificant ennges to the istA/HtA

,

i

results.-
,

In numenry,11 of the 12'rwriew items were classified as either
" outstanding Itams" restiring additimal informatim (Itaca 1, s,
s, and n), "Interfeos meetirementa , (Itaas a, 3, s, 7, s,- anda

to) or confirmatory Itamm (Itam u). Itan 4 was found to bea

=Aaoeptable." >

,

1,.3g ...... _ _
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3.8 Gpantification of Accident Sequence Tisquercies.

E's Santificaticn appn:ach used in conbiraticn with its design-
specific and ganarie data to emntify the segaonos frugaency estimatas
is prwidad in =*=articri 190.4. 'thmee trwittianal and curiveriticnal
methcds are acceptable to the staff.

'the staff notas that this prmaam was omrries out try devalcping a single
set of branch point prtbabilitias for the various systans (and
ocabinaticns of systans that appeared side by side) in the event trees.
'this is an noceptable but semedat n=harecen apprtach with rispect to
assuring that thars has teen no &uble countirg of failurv prtbabilities
(i.e., an urr$azprediction of cuerall sagaence failure freq:Arcy). Based
up:n the rwiew, the staff believes that E trok aufficient precauticns
within the wrialing to minimiem the possibility of &nble counting. 'Ibe
staff did, hcwever, fird some minor arrurs in the 2 eNunt tzwes. In
the staff's reqtantification effort, these arTors were wi.cted. 'this
is dMH in detail in Referenen 19.20.

As part of the staff's twiew, an urrettaintf aralysis using HUREG-1150
type methods was perforned cn the wi=cted miel to erntlueta the impact
of the variations of omrtsin critir=1 system failurse, hunnn actions,
and initiating events en the A!HR cars dange freq0ercy. ' theme results
are dimeh in detail fin Section 7 of Referarca 19.20. 'Ihm results
are prwided in Table 19.3-4 along with a w= mary of mean frecpancy
estimates for various accident classes. Table 19.3-4 also lists a
relative rankirg of dominent negaence frm' estimates.

3.9 Qaantificaticri of Accident segoanos class trucpencies

As is done in most PRAs, a has grctped postulated accident sequences
into a small set of classes of accident secperces. E's aralysis of the
classification of postulated accident secpenons is prwided in
St*dicm 19D.5.2 of the AlHt SAR. An itamization of the definiticos
used to daractarize these accident cla==ma is prwided in Table 19.3-2.
'the staff's rwiew of these -idarit classes indicatas that the
classifloation of widant sequences is insed cm the surpression pool
conditions (=*eled ce saturatad) ard the timing of the containment
failure das to loss of decay heat rienoval systaans follcwing a postulated
accident sequence. '! bene definiticna seus reascnable.

'the staff rotas that these definitiers are scmewtat ocnsistant with
thcsa used in the Therick ISA, althaurJh sons weid~it sagoentes have
been regrouped into othat classes. For exmple, secpenoes involving
failure-to-scram events folicwed by the failuru of borto injecticn and
loss of high pressure coolant makaup to the reactor, have been grouped
into the loss of coolant inventary sakaop (with menaamful scrus
sagaenoes for shich a subccolod agpressicn pool conditico is exp)ected
for a lorgar tims. 'Ihe staff notas (Reference 19.13) that the anount of
heat dmped into the surpressicn pool for these two grctpe of accident
serverxxs will be coupletaly different and will result in a ocepletaly
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ditfarent containnent respree ard ditfarent decand on th6 wppcussion,

pcol cooliry systems, rurther discusion of ocritaiment rrtates vill be
fcurd in Sectics) 19.6.

3.10 Pissary of GE's Estleatas of Ct:re Damage hsq3ency
164 to Intamally Irtitiated Ewrits

3.10.1 Initiatirq rarits nrd Prircipal crritrilutare

GE's HUL has estisatad the rulative crantribrtkro of tirious
initiatirg overits (trarmierste cid IIQs) to the total TTu damage
frequency. An estimata of the relative contributicrw of t?mse
initiatirg wents to the cuerall core damage fregaarny (trarsiants
ard IIch wants caly) is prwide$ in Table 19.3-5. Becauss GE has
not performed an uncertainty analMs, the relative ccritrnuticra
are based on point estimates. 'nds is an cutstardirq itan.
However, as part of the staff's twiw, an trvoertainty armlym
was parforned (usirg the staff's NUREG-1150 methus) of major
scurces (critical wystma failures, critical himman failures, ard
major initiatirq evmts) of unaartainties contributirq to
postulated ockts damage sverits. 'Dus, the staff has obtained
estimtes of the rolstive contrib.:tions of varicus initiat.irq
wants Wcts, in militicn to twing rwined failure probabilities,
are based cri arithmetie r:aan esta. matas of the coru damage
frequency. '!he staft's ee.timatas of the relative ccritritutions of
initiatirn wants are also prwided in Table 19.3-5. 'Dtis table
irdicates that failureh wants follcuirq anticipated
transients are the largest contritutor (about 31.5 percuit) to tM
point estimata cors damage frvywcy. ':he cecu d A m ir w it
ocntributor (abcut 26.4 patoant) is the lots et the main feedatar
systan. 'Mrbine trip wants, reacter isolatim events, ard
ir@artant open relief valve ments cortcr2nte agally (atx:nt 3
to 4 paroent) to the oors damage frequency. 'the collactive
ccritributicrt of all postulatut 1,XA wets is fctrd to be van
= mall (about 3 paroant).

It eb:uld be noted that, alth2qh (E be prwidad subewit:;ial
design imprtwenents to the m:nse syntes, failure-to+ cran wents
still otrrtribute significantly to the total core dunga tregacy.
'Ihis is primarily &m to the staff's upward rwisim k tha dane.rd
failure prttability of the overkil s x am systm In vlw or
recent experience (a failurs event in crm of tM %c 11rtmenn
naticns) a@licable to a similar scram systso discuseui in dw
Octitier 12, 1991, editics) of Nuclacnics Kek (Rafarence R$2),
the staff judges this rwisicrt of the occ:w derard talkre
probability to be awrtpriate. 'the strt.( alma firds tM, un1D:n
currently cparatirg 54Rs, station blackou FAs1ts do rxt
contriluta significantly to the core dan'rje fregaarcy. 'this is
primarily dwt to inocktToraticut of the ensita cp.'s-tMne genmcor
as part of the AIER design. With respect to EMim blacAriut
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L mynta, the staff rotas that the decrease in reliability &as to
Num;wal of a staaerdriven hipi prwmeurs systas (sue as the )DCI
systan in earlier designs) in the Amet desip is wall ci:epensated
by a mihstant.tal reliability lapewesent &as to the additicut of a

: gas-turbine gearstar in tite Amet desim. Inocaporaticut of an
additieruel arxar4 riven hiWi pressure systman traht (the C train of
the NK2' system) in the Amet is fourid to have an insignificant
heat on the contra _*1m of lo:a sents to the warmu oms
damage frigaency.- '

3.10.2 Accident Serpsons

m'c discaasions regarding accident engannes descripticro are
pwided in Agpendix 19D.4 of the AtHR SAP. As gewiously
indier.ted, this section pewidas only descripticms of groLys of
acciSant negaances, that is, accident negannos classes. The same
infom.stlan la also gewidad in Section 19.3 of the AB6L EAR. A=

> '
&acripticut of these amMarit sespaenos clanees alcrag with the '!

fregnancy estimates taped in the MtA and in the staff's zwiew is
prwickd in Table 19.3-4. The staff rotas that both the MtA and
the staff's rwiw did tot attacg to develop a ranking of all
frutiv1&aal accident negannons. This is petmarily becmane neither
a nce the staff attampted to develcy engannon level kmlean
equhtions Wicts would have yielded the detailed inforastien
regaired.

However, the staff's zwised fregaancy estimetas prwidad in
Table 19.34 irdiosta that the hi@ pressure core malt equenome
(class IA) b1ving Ices of all hi@ preemare coolant askap to
the runo'w, daninsta the cworall core demoge frequency. The
neocmd &mirent accidest class ocrisists of the hi@ preemaru core
aralt esquenons (class IV) involvang fallutvbrecram events
ocspled with baron injcAion systcu failurva. The third dcminant
accident class ocnsists of the Icar ptwasuru melt negannons
(Class ID) irwolving Joe M high penesure and low pressure
ocolant mekap to the r$xce. Both class II sequences (scanstians
referred to as "'N" segariens as in the MNEl-1400 nceanclature)
involving loss of the ersitairmant hast rincwal function (price to
the failure of loss of coolant inventary askap to the remota),
and staticsi blackout oegannons (Cia ==== ID=1, ID4, and ID-3), are
found to be insipifloant ocntributers to the cwerall core doenge
frequency. She staff notes also that the mest desdnent accident
class (that is, Class In megaences) contributing to the overall

$. (Jora casage fregaancy, is the same for both @s risk analyses and/ , - the utAff's twiaw of them.

3.10.3 & astvations

(1) There apsmars to be substantial improvement in the ts11 ability
of safety systama. The reliability ingwaments include
enhenomaants in rudtandancy and diversity applied to the design J

,

l
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of the safety systems. lack of detailed information in the,

armes of linnunmentation and control systans precludes the
staff tttus drawing similar omelusians in those areas.

(2) Our zwied of the p:chabilistic analysis of the 5tc systam
(needed to mitigste failuredescaen svents) indicates that
ttda systa la antaanny initiated. malative to aumntly
cymreting set desips (mach as LinarisdQ, the abwe feature is
not a desip anhancement, omsidering the very short tian
symMahle for the operstar ta initiate the 51C
following a failure-temporum svent. e claims the
additicm of the FM3e along with the independant electricauy
driven control rod insertian festure miniminas the emme 31 an
the sic system, beamuse c the ) mar likelihtui of a need for
SLc initiatim. - 2n a masting with the staff an August 6,
1991, e insiented that the ac system desip has been changed
for automatic initiatian. the staff has repasstad that GZ
doctet this inforention. She acceptability of stC initiation
is cnanntly under staff zwiw and is discummed in orpter 4
of the EIR.

4(3) men core damage fregaancias em the order of 10 per remotor-
year are alculated, the gasstian of the piysical sipificanos
of such an extremely low nabar naturany arises. Se
tmderstand arm a rimber, it is noemesary to understand the
omtart in thich it is presented.

- the usin ressem that the number is so Icw is that the
deaipare have intant.icrmuy done their best to address an
kncam accident somnarian,. Staas, it is empooted that the
core damage fregannoy estiants would be 1 cst. It waald be
far acre diatuttdre it it were not low.-

- Lika nest other d%1ines,it can only address kaastit is a limitation of
prebebilistic analysis that
ma M scenarios and failure modes. Thus, any not genert '
imman or plant-specific lasus that any be disomered m the
future, onos a&%d into the prebebilistic' analysis, could
twise the core Gesage fregannoy tgward by perhaps an ceder
of mapitude or more. Of course, the emme new issue, adding
the emme tamber to the W, m1@t change the core damage
frequency of a present day plant by only a few percent,
since the present day plant would start cut with a hi@se
bene value of the W .

-- poolistimuy, one must allcnt for this pensibility of acun
new in== chvging the oars damage fregaancy enos it is
disowered. Nevertheless, until it la dinowered, the core
damage fregaency estiasta preparly remains at a very 1 car
Value.
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- 1he entire 19A is based upon the samaptien that the plant
vill be built exactly as described in the SAR. 1hus, '.he-

icw cars fragancy estinata is cartingent tgcri there
being re si ficant deviaticals delig w.maction, ard no
surprimes d_mred drring +7 n. system in1hdcams.

- The oors damage frapancies pn:rhood by all IRAs inherently
have large uncertainties. tharsfare, crapariscals of ,

tru pencles between PRAs or with absoluta limits or goals
are tot simply.a auttar of cxgarirg two rushers. If a
Wility distributicm is avd.lable, it is acre
%%iata to observe how much of the pmty
distributich lies below a given point, Wtich translates into
a amamurs of the prthability that the point has ret been
M. Thus, although the centrsl tardancy of a
cmiculation may be very low, there is still a finita
probability of a higher oore damage fregaancy. Even in the
ones of the AISR 19A, Wars E did not calculata a
prubability distribution, it must be IWrad that the
uncertainty range vill extard significantly abwe s's
estimata.

,

. All of these points should be censidered Wan uslig core desage
frequency estimatas such as these.

3.10.4 Conclusion

A rvview of the finiings doomentad in previcus secticris of this
report indicates that rc unique highly dcsainant noanario acists
with r+t to cors damage frwpency (that is within the enhanced
design tabrella as hvaaritad in Rafarerce 19.2). 1his finiing is,

based on the level of design detail aglionble to the ABNR NESS
ard associated BOP systans as cbcumented in the AlHR SAR.

Resolutice of the outJewiding itmos in the PRA (as disomeed above
and sunearized in Secticm 19.10 at the end of this evaluaticm
report) may result in a significant increase in the estinata of
onra damage fregaancy.

.
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- '!*ble 19.3-1 A Ramanry of Initiating Event Frequency Estimatas Fur '2he

M Design

'

, . - -

Initiatine Evert Frequency (Per Reactor-Year)
- NE Review 0:mments

._,

h Shutdeun 1 1 F

Isolation Event 0.1 1. F, F

Ices of Feedwater 0.1 1. F, F

'nzrbins Trip 0.se 1. y, F

Inadvertant open malief
Relief Valve 0.01 0.1 F, M .

Icos of Offsita Power 0.1 0.1 F
Small Iccm ' event 1.2 E-3 1.2 E-3

.

Medium IDCA-f,'unt 6.7 E-4 6.7 E-4
r

-Iarge IDCh Evert 2.1 E-4 2.1 E-4

Anticipated Transient 0.99 3.2 _ F, y

Haasi

yi nw starf has used the same value in its -% sequence
requantificaticm efforts.

.

y- Thr review ccaments, refer to Section 4.1 of Reference 19.20.

:y GE's est! mtas are not based orn historiam1 data.

y GE's low estimata (tulative to historical data) oculd be justifiad-
thrm#t documentaticri of the improvements unde to the AIMR multi-stage
relief valves.

,

y. GE's estimata does not consider the ciaracteristics of all agplicable
grids in the U.S.
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Table 19.3-2 A Suntary of GE's Assignmnt of Accident Civrw for-

Varicus Accident Segoerceu

.-

Accident
class Des =ripticn

IA Trarmients folicwed by failure of the high pressure o:clant makeup
to the reactor and a failuri to depressurize the reactor in a
timely fashicn.

E-1 Short term Staticn BlacAcut (SID) events with RCIC failuru, cnsita
power is rectuared in alght hours.

IB-2 SBC events with RCIC available for core coolant makaup far
approxirataly eight hours.

.

2-3 SIC events (more than eight haars) with RCIC failure.

IC ANS events withcut beim injec+ den with failure of coolant maksup
to the reactor.

ID Transients folicwed by fail'.:i of high pressuru coolant makeup to
the reactor, successful dyussitrizaticn of the reacter, and
failure of Icw pressure coolant makeup to the reactor.

IE AN3 events follcwed by failure of high pressure coolant makeup to
the reactcr ard failure to depressurize tn reactor.

II Transient, IIx2, ard ANS (with boren injecticn) events, with
snerwssful ecolant rakeup, kut with potential prior failuru of
contairunant.

IIIA Small ard medium LOCA events, followed by failure of high pressure
coolant makeup to the reactor ard failure to depressurize thea

reactor.

IIID All ICCA events followed by failure of high pressure ccolant
makaup to the reactor, surrmaful deprmmwizaticn of the ratw,
and failure of Icw prmani coolant makeup to the reacte.

IV ANS events followed by failure to provide boren injecticn and
sorrmaful high pressuru coolant makeup to the reactor: ANS
events folland by successful lxxrtn injectico, but failure to keep
the vessel at high p. , resultirg in borto diluticn.

V All core darage events followed by failure to prevent suppressicn
Pml bypass.

19-43
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'nnbla 19 3-3 A Amenry of Staff ReviaW Finiings cal GE's Syste Unavailability.

Estimatas

system CJacination Tren 14r.a Isca Imas of
Events offsita 0:umments

Power

$;i
Beactivity Chnt:rni

.

~

Scrum-& ARI' -1 E-4 1 E-4 1 E-4 F-

nie e -we h1 art W_he

ICIC & NFCr1B & HPCFC 1 E-4 -- 3 E-3 7 E-4 V
HPCFB & HPCFC 2 E-3 E-3 5 E-3 V, y
MPCFB or HPG C 4 E-2 6 E-2 4 E-2 V, y

- RCIC 4 E-2 4 E-2 F 4 E-2 V
Imr Prummare Q:clant Makeup

ADS cc Manual Degr. 2 E-3 Negligihla 2 E-3 F
30tRA & mRB & 35mc 5 E-5 1 E-4 E-4 V
IttRA ce RHRB cr 189C -3 E-2 4 E-2 3 E-2 y

sup:runnien Peni Choling leds

30tRA &-RHR8 & RHRC :5 E-4 y -- 5 E-4 2 E-3- V.
(Start ar 1 Run)

-

198m1

y 1hn staff's requentificatism of the a fault tres has prwidad similar ruaults.

F '!he _ staff's rwiew has prwidad scandet lower-credit for the AIDWt design
iw;; Ac acd resultad in a conditional prM414ty af 1E-4 per demand.

F 'the staff's requentification of the same fault true identified a andeling' errer
and corrected it. '!his resultad in a p 2S414ty of 7.95E-3 per demand,

y '!he staff's requentification of the same fault tree identified a andeling error
and corrected it. 'Ihis resultad in a probability of-7.33E-2 par demand.

F E has taken credit for the RCIC systan for paall IDCA events only. 'the
staff's zwiew agrees with this.
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Table 19.3-3 (Ctritirued),

,,

6/ '1he staff's twiew prwided an altarnata estimats of 2E-2 per demand.

2/ 'Ihis estimate is Imacmable for transimits with --ful scrum. It: wever,
this unavailability could to higher depersiing an minimum coolLW requinnents
for ANS events (in particular, isolatica events folicwed by failure to scram).

- 'Ihis is an cpan itam for GE to resolve.

|

|

i

i

|

!
|
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Table 19.3-4 A Su: mary of GE Results ard the Staff's Paview Firdirgs en Dcudnant-

se: pence truquency Estmates

class Fracpancy Point staff's Haan Rankirs of
y Estimates (per n) y Estimate y staff's

GE F Staff y Estinta y

IA 4.3 E-6 2.4 E-7 3.4 E-7 1

IB-1 1.9 E-9 1.9 E-8 1.8 E-6 5

IB-2 1.6 E-9 7.9 E-9 6.1 E-9 7

IB-3 6.4 E-11 6.9 E-10 6.4 E-10 9

IC 2.6 E-13 6.5 E-10 8.0 E-10 10

ID 1,5 E-8 9.5 E-B 1.1 E-7 3

II 2.5 E-10 2.5 E-6 2.8 E-6 4

IIIA 4.4 E-9 4.4 E-9 5.3 E-7 8

IIID 1.3 E-8 1.3 E-6 1.3 E-B 6

IV 2.7 E-9 1,8 E-7 2.3 E-7 2

V W W W
Tbtal 8.1 E-8 5.9 E-7 7.5 E-7

hbtaGt

V For a Aw ripticri of accident class definiticns, refer to Table 19.3-2.

2/ These fregaency estimates are the same as those h=rrtad in Table 19.3-9
of the ABWR SAR.

2/ These frequency esticates are those h*=rtad in Table 6.8 of
Refererre 19.20. These rumbers are point esticates rather than maans, to
parmit meanirgful ccrpariscns with E's in*=w.

y The staff's estimates are based en CE's refermee design, including an
ensite gas-turbine generator and an AC-independent firewater (lcw pressure
ccolant rakeup to the reactor) system.

19-46
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y With respect to fnquercy estimatas, the ABWR IPA did rot Anw. a
quantitative evaluation of these sequerces. Althcugh the statf has
galitatively evaluated these serpences, a quantificaticn of them was rut.
perfomed.

F 'Ihese Eean estimates are thcee %W in Table 7.2 of 1hferarce 19.20

,

.
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Table 19.3-5 A Sunnary of Relative 0:rsta tutions of various Initiating Events tod-

the overall Cars Osnage Frequency

+ +

Event Description Relative Ctrrtributicri (pss;wd.) based on
designator of Evert Staff Point Estinata y y Mean y

+ +

T(M) Normal Shutdown 1.9 2.0

T(T) 'Nrbins Trip 4.4 5.1

T(ISO) Reactor Isolaticri 2.4 3.3

T(PW)- Ioss of Feedwater 26.4 29.8

T(1/P) Ioss of Offsite Pcuer 20.2 19.1
(With Partial onsita Power)

T(I/s) Loss of offsita Power 5.7 4.1
(Without ensite Pawar)

T(I) Inadvertant open Relief Valve 3.5 - 3.4

T(73) Failure-to-Scram Events 31.5 30.2

A Iarge 12 3 Events 0.5 0.4

5(1) _ Medium IDCA Events 1.6 1.2

S(2)- Small IDCA Events 0.9 0.3

+ +

Notas:

_y The point estimata for the total core M frequency is about 6 E-7 per
mactor year. 'Ibese estimatas are the same as thcee provided in Table
6.10 of Deference 19.20.

y- ' Die mean estimate for the total cura damage frequency is about 8 E-7 per
reacm. 'Ibese estimatas are the same as those provided in Table 7.3
of Reference 19.20.

L
i~
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19.4 CMIUIATICH OF C32 DM92 mECCDCl DUE To EcumILY Di1TIATED EVWrs
.

4.1 Introdtetion ard Review of the Socpe of betarnal
Event Analyses in the ABWR PRA

In the AIMR 3RA, cpantitative treatment of extacnal events was partneri
only for tomado strikas ard earthquakes. Dwee two extamal M%
initiators have been identified by EFRI in the PRA Fey Assunptions ard
Ground rules W st (Raferwoe 19.2) as events that any require
gaantitative assessment for each AI)R. Other extarnal events aru2

skN considered not to be important aantributors to AINP oore W based cn'pff improved design, W=r siting, or icw pttbability of ccx:urrencs.
G1 7bmado strike and amiamic analyses are evaluated in Sectims 19.4.2 ard

19.4.3.

3he staff is curnntly rwiewing Referwue 19.2, and may ret necmsarily
ocnclude that cely earthquakas ard tornado stdas need quantitative
evaluations. At the staff's request, 2 has utevided tw documents
(References 19.53 and 19.54) which were prepared to support positions
r n - =ded in Reference 19.2. These references, cne of which is an
intarim report, attarpt to identify extamd events that will be
intagrated into the extemal event ISAs, and those that can be excitdad
from the detailed analyses. 7his identificaticn was carried cut usiry a
screening analysis Wich relied tpcn the review of existing PRAs for the
current geruration of plants, and then assessing whether the severe
accident vultnrabilities found in the existirq plants have been
eliminated in the AI)G design. The other screenire critarien used was
dwther the event had a significantly 1cuer mean frequency of occurrerce
than other events with similar uncertajatias ard could not result in
worse consequences than those eventa. The conclusions drawn in these
referarces are that the seismic event needs to be analyzed in detail,
and a limitad evaluaticn of a tornado strika at tM plant resulting in a
prolcoged Icss of off-sita power is also nesdad. E concludes tMt all
other external events (incitxiing fire and flooding events) can be
excitded fran detailed quantitative analysis in the PRAs based cm
inproved plant design and siting critaria. However, these references
further cencitde that exclusico of many external events recpires that a
design and sita verificatico be performed afta A sita and design are
selected to ensure that the design and sita do irdeed meet the critaria
used to excitde these events.

2m staff, in developirq the draft guichnce for the Individual Plant
Dcsminaticn for External Events (IPEEE) (Reference 19.55), had also used
a similar approacts to identify the external events which traiad some
gaantitative analyses for the cperating plants. The follcuing five
external events vare identified as regairirq scme examinatico at au
plants (internal floods have been incitded with the internal events
evaluaticn): (1) fizu; (2) external floods; (3) seismic; (4) high
winds; aid (5) trarsportaticn and rearby facility hazards.

19-49 -

..
_

, _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ - - - - - - - -- ----



_ _ _ _ _ ___ _ _ . _ _ _ - _ . _ _ _ _ _ . _ _ _ _ _ . . . _ _ _ _ _ _ _ _ _ .

,

Given the above studies and their finiings, the following cheervaticms
p are anda in the context of the A1HL PRA rwiew. 2s arguesnt of the low-

traquency of occazrrenos ce lw frequency of ocnesquences needs to be
examined in ocmhmetion with the overall results. Ptze example, the unan

- acre damage frequercy (GF) saa to internal initiators is estianted to >

be 7.5 E-7/ry; based cm the current external flood design mitaria, the
staff has estimated the frutpency of the occurrence of the design basis
nocd to be 1.0 E-5/yr, with this initiater freganney it is not clear
Wzy the GF. from the ertarnal floods could not be in order of 1 E-7 ce,

greater, ocuparable to the-internal events. Rus, even thaupt the :
estimated mean frequencies may be law, insights with respect to
contributors to the overall results any be significantly affected by
including these " low frequency" artarnal events.- merefore, the staff,
consistant with the reocamandations of Reference _19.53, pending the
staff zwiew of the AINR Requiraments Document, rumumands that a sita
ed design verification be perforand Wasn a specific sita is salad +
for the esctarnal events, sus as external floods ard Lw;tation
hazards, fce Wtich no analyses can be perforund at this scago. - 'Dtis is
an interfaca requirement.

- me staff, based en _its past experiorm, doms not agree with GE that no
severe accident somednation is needed with respect to the fire hazard
(response to the staff Q.725.74, Reference 19.56). 21s hazard is not
truly ~" external," and can be evalustad to same extent at the design -
stage. 'Dtis is an cutstanding item .

Frtas past PRA rwiew experianos (e.g., unispo design features of the
Bureham faaility),- the staff .also beliens that various cs:mbinaticms of
human failures and harthware failures oculd yield a relatively-
significart core damage frequency &as to rtxwsrwific floods. ma
staff also believes that-the large relemme gosi any not be affected
significantly &as to the requirement of additimal-failures needed to
fail tha'contaiment. Boosues the details of.the plant and equipment _
layout are needed for sus an evaluaticm, the prebebilistic analysis far
internal floods should be parfar==d than details of the plant design are
more cxaplete. 'Dtis is an interfaan requirement.

'Jha staff's zwiew of the AIMt tornado strike and maimmia PRA was
assisted by BEL-(as a primary centractor t.) the staff) and its4

subcontractor, E3 Engineering, Inc. (H3), with IINL aminly responsible
for zwiewing systen analysis and developing alternative B: clean--

equatican for seismic at:cident sagaances. Se staff has zwieums,-
accepted,- and adopted the zwiews by its contractare as its cam.

De remainder of the tanic,-including a critical rwiew of both the--

seissaic hazard analysis and the =Ti; 4 and structural fragility
analysis presented in the ABNR seismic PRA, re-quantificaticm of se4=4r*
core damag= frequency voim different, staff-ptwided seismic hazard
curves, and an uncertainty analysis was parformed by I!E . S e detail of
the results.of INL's and B3E's zwiew and irspid i estimates of
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accident sequence frecpencies as well as the emelusiens drawn frtn the
st:udy are @=-ited in Reference 19.20.

'Ihm follcwing SER secticm cm tornado strike and seismic events are
hamad en the tactnical evaluatico crr +v**d by INL and 12. Results of
this evaluation, insights, ani safety findings aru highlighted harm.

4.2 h rnado Strika Analysis

'Ihe teenado strike analysis partnmad in the A!HR PRA essentially
follows the EPRI PRA Eey Assurtions ard Groundrules (FM) positicn and
approach (Befersnoe 19.2). (As notad earlier, the staff is separately
rwviewing Reference 19.2). EPRI, with the technical assistarce of the
Advarced Reactor Severe Accident Pie (ARSAP), has ====d the AIER
vulnerability to tornado-inirsi events ard ocncluded that the dcninant
effect of a tornado strike is likely to be a prolcrged less of offsita-

-] power (Referenos 19.54). Most of tne vulnerabilities found in past FRAs
are ret expected to ocx:ur in the ADR design. 'Ihe EPRI position,
thereform, is such that it daama a siglified vrrial sufficient for the
a-sment of tornado strike impact, pzwided that it addrmaan random
failures in combinatim with less of offatte power.

As a support to EPI 4 ** fort in develcping the AINR Requirements
rev,marit, ARSAP carried cut the evaluaticn of AIHR designs to identify
their tornado vulnerability and developed a method to quantitatively
estimte AtxR tornado strike core damage frequency. n gected tornado
strika f%quencies were calculated based cn regional historical data
summarized in an EFRI report m tornado missile risk naaammartt. The
frequencies of tornado strikas with intensities large enough to lead to
care d-= events were crmbined to generata total regicnal frequencies
per square miles per year. 'Ihe regional value is, then, atltiplied by
the plant arna, assumed to be about 0.14 square miles, to yield the
Wad tornado strika frequency. 'Ibe staff has not evaluatad the
adequacy of 0.14 square miles assigrad for the plant area. 'Ibe plant
area ocnsisting of critical safety systas, cum Amits, and structures-

(e.g., ultimata heat sink) may synaad this assigned estimata of 0.14
square miles. However, because of the icw CIF estimated f'r the tornado
initiating events, even ircreasing the plant azza substant ally is ret
likely to make the tornach events major contributors.

Sirce the resulting regicnal sita strike frequencies were found to be
relatively insensitive to the regicn specified, the mwin= assessed
regicnal value of 2.86 E-05 tornado strikas per year was ocoservatively
chosen as the basis for the AIER tornado strika analysis.

,

'Ihis value was used as the initiating event frequercy in the less of
offsita power ard statico blackout event trees developed for the
internal events in Secticn 19D.4 of the AIMR PRA foJ estiratirg the core
da:nage frequency attributable to tornado strikes. In calculatirq the
core damage frequency, the follcwing assteptiens, resulting frca the
ARSAP qualitative evaluaticn of the expected AIRR tornado strike
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vulnerabilities, were further 4W_ by pn:parly nodifying the event
tress - (1
the amin co)rderner chas to their vulnerability to tornado etfactst-no credit is given to either the ccrdensate storage tank or
(ii) both the power conversicm system and the faschatar system are-

unavailahle due to loss of offsite power; and (iii) offsita power
resteratien is not yd within 24 hours fellowing a tornado strika.

All other assaptionsW corditicms reemin the seen as those used in
the internal events * , sim. Gaantificatics of these event trees cm
this basis yielder' ~ g m damage fregaancy attributable to
tornado-initiatac! * 4 r; _ E-08 per year. Das to its relativelyinsignificant oorc eh = + v corall cars duenge frequency, no
further detailed arie %4 7 ed out for tornado-in& aced events.

4.3 ma4==4e Events

4.3.1 Introductice w a' +

2e ANGt ==4=in event analysis, cancribed in Sectice 19.4.3 of
ABEL SSAR, was perfemed in part to satisfy a requirement est

,

forth in Appendix A to the Advanced Li$it Notar Reactor
Requirements Dcoment (Reference 19.2). Sud an analysis is
called for to aneurs that the standardized plant at the
omrtification stage has a balanced desip frcan a mai-in risk
stan@oint as wall as to demonstrate that the hiamien's safety
goals (including gaantitative health cldectives) can be fulfilled.

Se main ctdectives of the maimmin event analysis are stated as
fellces in the ABEL PRA:

(1) - % aneurs that the ABGt standard plant meets the intant of the
NRC policy statement on severs wi& sits thich includes
ccmsideration of maimate events as requirements for plant
cartifWim. -

'

(2)- % gain insights and G.W of the relative<

czntributicn to solemic risk of the individaal ocuponents and
.= s:ructures of the plant. '!

(3) 2 urderstand, _within the uncertainty limits, the relative
degree of risk ocntribution from maimic evmts in ocuparisoni with other events.-

t

(4) -2 identify the most probable sequences of events following a I
seismic event as well as any vulnerabilities (if any) to
seismic events.=

GE's approach to carry out seimmin event analysis is rimar,-ibed in
the next section.

--

|
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4.3.1.1 AIMR 3RA Appzxacta aid Assumptions

2. general we ard methods used in the ABNR PRA
==f-ie event analysis are semantially identical to thces
uend in the ESSAR II 1RA (Raferinam 19.22) . M ay are
gunseally ocnsistant with the guidelines prwided in the PRA
Procedarse Guide (NURIE/Ot-2300, Raferunos 19.57) and the .

- PBA Procedure Guide (NJREG/CR-2815, Referunow 19.58). E
has also assessed that the esimunic PRA w u.ta meets the
recpirements set forth in the EPRI ADR Regairuments
h==rst (Raferunas 19.2) . Note that, as its the case with
internal event analysis, the ABNR enimmic IRA crtly analyzes
core d=aga sequenons from power operaticm up to hot -
ahutdown condition. Also, no explicit uncertainty a.alysis
was perfemmed by GE.

Pbur major tasks are involved in the assammaant of animaic-
initiated care damage fruquency. May arms (i)' t5o
establishment of a seismic hazard curver (ii) the
detarminatice of the seismic capability of critical
+ - Es and structurust-(iii) system modeling; and (iv)
quantification of accident sequence trucpencies. Each of
these major tasks are di -* and evaluntal in separate
secticre of this report.

Se ADR asimic event analysis has been ccrhad making
use of the several ground rules and assumpticos as-follows:

L

i (1) No credit is given to raccwory of offsite power Wan
i - lost chas to =ai-ic events.-
,

(ii) No credittis given to repair or reocvary of
: mettanical failure of % .-da caused by salamic-
! events.

(iii) Structural failure of a Wilding ocntaininJ inportant
<

==4 --- e results in functicmal failure of all1 -

ocntained amiM.

. (iv) Seismic failure of identical radardant + 4s at
similar locations are tzusted as dependent failutas,
i.e.,, all ocupcmants fall together.

Se followirs; lists scue of the key assumpticos daaeribed in"
the AINR Requiruoants WM (Raferinom 19.2) Wtich are

r also used in the AINR PRA:
Y
#

(v) It was assumed that the primary seismic hazard is due-
i - to greurd shaking and that there is no soil failuru

potential in the range of grcund motions considered.
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(vi) 1he seismic hazard for potential AINR sitas in the
*

future was daractarized by a single hazard curve.

(vii) sai-ic fragilities for a' few structures and
ccuponerits were estimated using specific design
internetism. - Ptr the rest of the structures and
ocuponents, fragiliti.es were assigned cm a generic

--

basis with the ,,2 ion that they are acttevable in
liWit of the AlpEt evoluticsiary ==4==in design
critaria.

E's gunsacal approes and - ,2 imis (1) thmspi (iv) are
consistant with the-state-of-the-art appron&as and the past
PRA practices.- Asamptions (v) thmaps (vil) necrositata
frtat the fact that the Abet enimmic 3RA is being cxxikacted

- for a standard design idsis has not been built or located at
a specific site. These assumpticais have several %14=-
tiens, amiruy in the area of interface requirements, and are
dim ===d later. -

4.3.1.2 Omparison with the ADEL Requirements h==rit

bened.cn a-preliminary rwiew and a conference call with GE:,

cn January 31,1991,- the staff has notad the following three
differinces among the requirements outlined in
Reference 19.2 and thces used in the ABEL PHk.

(i) The asianic hazard curve used in the AN5t PRA is
different than that raccummanded in the ADEt
Requirements Document.

-

(ii) Seimmic induced fires have not been addreaand in the
Amet Pak.

-(iii) Seismic induced floods have not been addressed in the
Amat Pan.

As will be dim ===d in Sectim 19.4.3.2, the staff has used
alternata hazard curves in its quantificaticm. The impact
M using different curves cm results is also die ===d.

2 is in a proomms of perfcrming a screening analyses to
addrums itamm (ii) and (iii) above. The staff will zwisw
this internation idian it h avaimh.
4.3.1.3 Overview of ABEL PRA Results-

The asianic cxxs damary= frequencies calculated for various
acx:ident' cla=== in the ABNR PRA are summarized in
Table 19.4-1. Roughly speaking, Class I events are
trarsiants with loss of core cooling, class II events are -
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wants with successful core coolirn, but with loss of
cantainment ocellig, and class IV warits are anticipated
transients withotre scram (AN5) withcut borcn injecticn, but
with core coolire avnOnhle. 'Ibe total seismic ocre damage
frequency was calculated to be 2.5 E-7 per year in the AEHR
PRA. '!he largest contributicrt (abcut 95 perant) to seismic
core dawyn frecnency r=== frm M ama I sequences, M
have a total maier- CT of 2.4 E-7 per year.

'Ihe staff does roc 4 e with the treatment of Mnem II
-

saquences in the AIHR M ard this issue is dieW
further in Sac +4m 19.4.3.5.

4.3.1.4 Dwiew Approach

'!he seismic hazard carve used in the AEHR IPA was rwiewed
as to its applicability to p:ter?.lal AIER sitas in the
central ard eastarn Unital Statas in light of recent r.eismic
hazard stLdy results, Three representative sites with high
seismic hazard wars selected to estimate the charges in
naimmic accident frequencies fra the AIHR PFA values.

'Iha methodolcgy used in estimatirg the seismic fragilities
of structures and w-4s was rwviewed. 'Ihe calculations
of fragilities of specific structures ard hya-is
performe1 by GE were reviewed. '!he reascnableness of the
assignment of generic fragilities for structures and
-e .t. was asseseed in light of the AIER seismic design

-

-

critaria.

In the system mialing arwa, Wdant sep, rardczn
failure rates ard human acticrr reportad in the AIER PBA
were reviewed, ard modified ameiately to be ocreistant
with the findings from the intarnal events waluaticn ard
other seismic related firriirgs dN'M later in this
cnaptar. Boolean ecpations for different accident sequences
were develcped ard used in requantificatien. In the review,
it was -aa4 that the system cutsets developed in the AIER
IPA accurately represent the systams. 'the staff did ret
develcp the fault trees ard cutsets irdependently.

'Ihn results of this rwiew ard regaantificaticn incitee
seismic accident class frequencies estimated usirs diffarent
seismic hazard curves, seismic margins for different
accident classes ard identificaticxs of derninant ocotributors
in terms of mv =d. failures an$ accident seqaences.
Uncertainty analysis usirs families of hazard and fragility
curves were also carried cut. nirther sensitivity studies
were conducted to assess the impact of alternative seismic
fragilities for some selected cccramnts.

19-55
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'me staff rwiew of the AI5et PBA has focused en both the i
ramerical-results and other insi auch as the plant
capacity to withstand a large se event. Ctosistant
with the staff guidance (Reference 19.55) to condact
individaal plant emminations for autarnal events (IPEEE),
the staff has developed margin (giW Stmfidence of I,cw '

rrehability of railure - HCWF) infocanticm for the various
nn-ident classes.

Daring the twiew procoms, the staff and its ocmtracters
have also focused on ident.ifying the interfeos requinments
WLich will have to be addressed on a specific applicatism
tdian a plant is built.

4.3.2 Hazard Analysis
,

4.3.2.1- AI5et IRA Hazard

'me ==imie hazard curve used in the AsWR seismic risk
analysis is taken true the GESSAR II seismic event analysis,
anospt that the effective paak ground acoaleration used in-
the GESSAR hazard curve was cxanverted to peak ground
aczzaleration (PGA). 'me PGA Was used in the AIHL analysis
in ceder to be consistent with the ground motica definition
for =i -in fragility.

' mis hasard curve (Fig.19.4-1) was shown'in the GESSAR II i
L maimie event analysis _to be a bounding curve of the

*

best-estiants hazard curves for the Limerick,-Indian Point,
zicm, and oystar creen sites based on the information
availahla at that time. Pcr the Alpet applicaticm, this '
curve was further cxmpared to the maMan hazard curve of the
Ooones sita and found to be bounding (see GE's response to
staff gasstion 725.64, Reference is.ss). /me soil-structure
interaction effect cm =i-ie risk is not included-in the -
hasard curve but is treated in the animic-fragility-
estimate.

,

L
No uiw'M estiastas were ande for the use of a single -
besch asianic hazard curve for the Amst. Since the
AINR top-tier requirement states that-the mean annual CIF ~
abould be cxmpared with the goal, this single best estinata
curve is inferred to represent the mean value of mai-fe
hasard.- -'me hazard curve does not reflect the acos recent

p studies,' results and scientific opinion w.-Tdng
i seismicity and seismic hazard for the Eastern United States
i- (EB).

i
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4.3.2.2 liazard Review Approach
.

'Ib urnarstard how representative the AIER seimic hazard
curve is of IDS sitas, ard to study the effect of sita
variations cm the calcalated mean CEF, thrwe differunt
sitas, Pilgrim, Seabrook ard Watts Bar, were selected ard
the hazard curves devalcged by both the Iawrence Livermre
Noticnal Nematory (lINL) (Referanos 19.59) ard the
Electric Power Reneer:tt Institute (EMI) (Raferarca 19.60)
for these sitas were cccpared with the AEHR hazard. 'Ibese
three locations in the EDS wars selected because of their
relatively high maimic hazard. A ccmparisen ascrg these
various hazard estimatas, includirg that of CE's, is shcun
in Fig. 19.4-2.

4.3.2.3 Evaluation of AEHR IM Hazard

In Fig.19.4-2, all IIE curves irriicata a much larger
seismic hazard than tra values used in the AIER analysis.
Generally, the EMI seismic hazard for sites in the II:S is
an order of regnitix$e belcw the 12E hazard. Ibwever, even
the EPRI nean hazard for Pilgrim ard eaahmok was fcund to
be larger than the ABWR best estimata hazard. 'Iberafcru,
the AIER seismic hazard cannot be ccnsidered to be a
ccnservative estimata of seimin hazard for the eastarn
United Statas, ard does not appear to accourrt for the large
uncertainties which exist in the hazard estimaticn. On
AIER seismic hazard curve also irriicatas a different sicpe
charactaristic at accelerations greatar than ig. 'Ihe inpact
of different hazard curves on Cor and identificaticn of
ckninant cc.awnads/ sequences is dieca$ in Sectica
19.4.3.7.

4.3.3 Fragility Analysis

4.3.3.1 ABWR W M

'Ihe seismic fragility of Wmts in the AIMR is wrialed
using a 1% J distrib.rtion with the pararetars as wriin
peak greurd acceleraticn capacity (y ard logarithmic
stardard deviation (8 ) representing rardemness in e-arw-ity
and uncertainty in th,e median capacity. Note that this
representation is equivalent to usirq a mean fragility

'Ihese parameters are generally estinated usirg thecurve.
design information, qualificaticr analyses ard test results.
seismic fragilities of structures in the reactor buildirq
ccuplex were evaluated following the methods etployed in
previces seismic mas (Paferences 19.57 ard 19.58) far:

Paactor buildirg shear walls-

Ctntaincent-
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Anector grammare vessel pedestal-

~

Detailed fragility calculaticra for other structures such as
the centrol kuilding ard turbine M41d4N could not be unde.
at this time. 'mase fragilities were assigned by ocupariscrs
with mi=ilar structures in past ==4=mie PRAs.

Seismic fragilities of safety-related ocupcnents were
assessed for the folicnring two catageries of ocupanents:

a AIMR specific W ta those fNility evaluation was
made acoceding to endsting. design .nformaticn.

e Generic -y.-.i.s those fragilities are based en data
campiled in the "Ctapilation of Fragility Information
frca Availahle Probabilistic Risk Assessments," dated
September 1988 (Raference 19.61).

AI! set specific campenents '

Detailed eelamic fragility evaluations were performed for
~

the following AIHL specific componentat

Ammetce pressure vammel (Rev).

shroud support-

-- Ocntrol rod drive (GD) guide tubes
G D housings
Pual m ii-

Generic ctapener$s

Detailed fragility evaluations for safety-relatad % ca
3other than those specific w- t.s presented above oculd

not be nede by GE at this stage. 'me fragilities ter
generic -e...;.s r===nded in the Advanced Light Water
Reactor (Aust)- Degairuments h-it (Reference 19.2) ware
adopted for the AINt standa4 plant. 'these generic
fragilitian were crammen bM cm a review of price IRAs and .
fragility data. 'meme are ocmsidered by GE to be acitievable

. for the AIBEL with an evoluticnary improvement in the 4amic
aspecities of the +-.a designed to a 0.3g Safe
Shutdown Earthquaka-(SSE).- Both design specific ard ganaric
fragilities used in the AIMt PRA are mannarized in
Table 19.4-2. (Table 19.'4-2 of the AIHL PRA) . Denonstraticm
that the plant v4Mstructures have the a====rt
capacities.is an interfaan requizionant.

l
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4.3.3.2 Review and Evaluaticn,

soecific wM rrni_Hties

In the fragility evaluaticn, structures are considered to
fail functionally Wien inelastic datarmatiens of the
structurn urder amismic load ircrease to the extarit that the
cperability of the safety-ralated W.iiiits attactied to the
structure camot be assured. Se drtility limits chosen

' for the structurns wars estimated as -+ ding to the
eneet of significant structural rhna]=. 2ese definiticns
of failures wer%= are consistarit with the seimic HR
practice.

De potential of seimie-intxed soil failures such as
liquefacticn, differential settleent, or slope instability
is rot evaluated at this time since these are highly site
dii(=ht. Dese acdes should, however, be etnsidered when
an AEHR locaticn is fixed. Bis is an intarface
requirment.

Se calculaticos for the following structures were reviewed:

Median Nrw hv 'g p1PT

(g) (g)

Reacter Building Shear ih11s 2.8 0.45 0.98
Containment 4.3 0.44 1.54
RPV Pedestal 7.9 0.44 2.83

Se HCUT capacity stated above is calculated by the staff
using an approximate relationship for HCUT as equal to 4
times exp (-2.33 8). Bis apprecimation is ccnsistant with
that P --adiid by the staff in the draft IHIE guidance
ch=arit (Reference 19.55).

Dese structural 1 fragility parah- a; pear to be
roast,1able; vially, the writan and HCGF capacities of
the reactor Nil _riing shear wils and ccntalment ars juckped
to be acitievable. Se high capacity of the RPV pedi-tal
would maka its failure contributa negligibly to seimic the
CF.

SDecific Cuwmit Pracilities-

Detailed seismic fragility evaluaticns were performed by 2
for *he following AER specific cur .ents:

wa pressure vessel (RPV)-
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Shrua$ support-

-
- Q:ritrni rod drive (GD) guide tubes

GD housings-

Fuel assemel. ten-

Desctor Pressure Vessel:

'!he median ospecity ard NCLPF cepecity of the RPV are 5.3g
and 2.4g, r=,-- tively. 'Jhs value of 8, = 0.33 used in the
AIBR 1m is ju$ged to be icv. A later sensitivity stu$y by
the staff assigned a lower median capacity and a higher
value of 8,.

RPV Internal Cy-id:

'3he internal ocupcnents mannined for seimmic fragilities
include the shroud support, GD guide tubes, GD housirgs,
and fuel ma===h14am. Failure of these ocupcments could.
potentially result in inability to insert the ccritrol rods
to shut down the reacter.

'Ihm critical failure andes and malmeir cepecities of these
+ A.i are:

Median EEPF
component Failure. Mode faganitv. 7 Capacity a

Shroud Suppcrt hw*14rq 1.90 0.82 -
GD Guide 'Nbes Backling 1.70- 0.88
G D Housing- Plastic Yielding 3.90 1.34
Fuel Assemblies . Omnnel 1kackling _- 1.30 0.58

-

,

Althou$1 these cepecities are generally higher than thces
reportad-for these W-4s in past Boiling Water Reactor
(15R) esismic PRhs, rwiew of GC's micarlaticais did not
reveal any:reemans for rwising the above capacities except
for fuel asesenline

'2he' seismic capacity of the fuel assemblies was calcatlated -
. by GE as A.+-ding to a center deflection of 55 nun, at
@icts- scram can be achieved. However, the acament
ocerappending to this deflection is not the collapse nu:nont
as used in the calcxtletiens. It is acune value between the
yield nament and the collapse acament. 'Iberefore, the median
ultimata cepecity of the fuel assemblies is less then the
yndian value of 1.3g. In a sensitivity study, the staff has
used a value of 0.92g inmMan capacity to estimate the
accident sequence frequencies.
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Generic cu.waia,

Detailed fragility evaluaticra for many safety-related
w=&s a:uld not be mader therefore, GE has ansigned
generic **4=4c fragilities for these m@eEs ocnsistant
with design requirements of the AIER Requirranents thcument
(Raference 19.2). Table 19.4-2 shcws these generic
assig h i.. 'Ibese capacities are ocnsidered by GE to be
achievable for the ABHR with evoluticrary igrtvecants in
the seimic capacities of wrets designed to SSE of
0.3g.

'Ihm review of these fragilities focused on the
reascrablernes of these estimatas in light of the ASE
r.41mic design critaria arti based an actual performance of
similar equipnent in tests and rel earthquakes.

'Ihe saf etc capacities assigned to the follcuing five
,

wwsts differed fran the AINR Begairmerrts WW:
cable trays, large flat-botten storage tanks, accL..ulaters,
air-operated valves, and heat ec: changers. 'Ibese capacities
are generally axn higher than those reporta:1 in past
seismic WAs. If credit is taken for these higrar
capacities in the PRA, their values should be prtved later
dan the design and installaticn are crmpleted. 14mn
ecosidering the igact on CIF and risk, it is notable that
only large tanks, diamaaed further below, are considerect to
be important. 'Ihis is dos primarily to the relatively Icu
seimic capacity of large tanks arxi their past contribution
to risk in PRA accddent sequences. Details regartiirq evalu-

- aticn of other we fJ can be found in Reference 19.20.

As dMm=4 in Sectica 19.4.3.3, the staff h's jui3ed that
the generic fragilities for the folicwing swe tm arri
struct23res used in the A34R WA are cptimistic. Although,
the staff sensitivity analysis did not indicata a major
4M cn the CCF ar HCIPF estimatas, dsu-Latirg that
these sW= cue do have m<innad t atw-4 ties may be a
difficult task on a specific applicaticn. niis is an
interface requirunant. 'Ib assist GE in its respcnse, the
staff has included a list of -psts for which specific
informaticn abould be develcped ncw.
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Q2npenant/Structurn Fragility Estimata.

M &EB
Diesel Gerieratcrs 1.5 2.5
480V MX: (also St MX') 1.5 2.5
Entteries and FW 1.5 3.0
ABEL Fuel Assemblias 0.9 1.3
Net Heat tumarspers 1.4 2.0
Fire Water 'Dmk 1.4 2.8

the immun of "achievability" should also take into account
the fact that; for ones syswas, the fragilities of

_ czmpenants at varicus locaticms is_ represented by a single
value.

The standardization of all Ontegory I structures needs to be
-

confirmed so that the esplicability of structural
fragilities calculated in this PRA to all future ABEL plants
com he assessed. -

s
large Flat-Bottcm Storage 'mnks:-

'

Althou@ the Amst PRA report (Table 19H.4-6) statas that thee

median capacity of these tanks is 2.1g with 4 (of 0.45, theonly tank used in the meianic systan analysis see Gr a
-

roeptmas to Questian 725.72, Referunas 19.56) is the fire
water tank, with a generic ammigned mediut capacity of 2.8g
and a Si of 0.45. 1his makes the HCIPF capac:,ty equal to -

'_ 0.98g. Experience with desiqpt and actual performance
(Reference 19.61) of these large yard tanks is that this

t high cegacity is not generally amisved. - Therefect, use of
a median value of 1.43g with a 22PF cepecity of 0.50g is
made in a sensitivity analysis.

.

e--othe --reie .----u AA of ireret are discummed g
halcar.

Diesel Genratatcts:

a has assigned a median capacity of 2.5g with a 8 of 0.45.
to the diesel generators. This anons thht the Mcd7
v ity is about 0.Seg. Althsugt diesel generators by.
thsemelves have hi@ maimmic cepecities; the peripheral
anyHM required-for the diesel generators to operate can

--
have low capacities. Thane -include dienal oil day tanks,
ccotrol cabinets,- air receiver tanks, acanallators,

'

ocupressors'and motors, lube-oil coolers, fuel oil transfer
pumps, heat exchangezs, heating and venting via= 1t, etc.
Sane of these he -is have been m'ialed in system "Pr
(defined as loss of offsite power, Ices of emergency power
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and loss of service watar)-in the systman analysisr hcwever,
,

L other campcments such as the diesel day tank, the air - ;
remaiver tank are ncut modelai. '!hese ocupcnents oculd have
1crJer cepecities.- 'therefore, the staff concludes that the- '

diesel generatar fragility is rather optimistic. In a later
sensitivity sttuty, the staff has assigned a smach icwor
cepecity (median of 1.5g and ICI7F of 0.479) to diesel
W in acknowledpumant of 1cuer capacity campcments
in the system.

Electrical E|galpmert

Electrical equipment includes swit& gear, notar control
centers, invertars, bettery chargers, instrumentaticm racks,
load seqpencers, cxmtrol systa cabinets, and other cabins::s
containing electrical senects, swit&as, ar control
instruments. Potential failure modes include relay ctattar,
breaker trip, ard structural. failure. Relay chattar is
addrummed below. '!he ==4==ic capacities assigned to the-

' electrical arckW in the structural failuru arde are
generally highit than the specific capacities calculated in
previous seismic PRAs. Tbr emeple, the HCIPF capacities of
noter control centers (0.88g), relw 1ritches (0.62g) and
bettery ard bettery racks (1.05g) si aar to be too high. In
the sensitivity analysis the staff h.s assigned different
fragility values to these ocupcrants. Descnstraticm of-
these aspecities is an interface requirment.

Relay Chattar

or has stated that the potantial fer relay mattar was
treated in the following nemer: only the scram syntam4: functim is required drring a maiamin event. '!his function
is fail-eafe, so relay &etter would emuss a safee
failure (scram) even if relays were soployed. Ptatthe AEHR,
the scrum actuating devices are solid-stata power evitches

= with no failure mode similar to relay chatter. '!he scram
function is agplemeread by an altarrista scram nothod

-(energizing the air bieder &ap_ valve) to provida diversity _.--
'!his methcd 'unes relty actuaticn, but no credit was taken
fer this capability in the maimmin analysis.

Switchgear and notar cszitrol contare do include ru?.ays Wacek
- failure could prevent safety actions after the seiadei

L event. It was ma= w that the' indicated cepecity for this
equipment (2.5g) was more representative then the specific;

relay chatter valui(2g). Also, the type of W 14= y
L relays used tand to be the most ns;pged of relay types and'

would have a capacity above 2g. 'Ihe multiplexor cutp2t
devices for ECI3 and RHR cperation have been a==M to be
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solid-stata devices (rather then relays), so that the relay
chattar failuru mode deus rot apply. t=u.w.tien of these
capacities is an intarface reg.tirusent.

Heat Exchangers:

Because the seismically-irrhaced failure of the PHR heat
could rueult in a aggression pool drainage

o and loss of molt-release scrutting Whity, the
salmaic cepecity of this exchanger is very inportant to risk
estiastas. It is the staff's understanding, based cm
diernemicns in a CrmferWCe Call, that 2 any inCrtese the
median capacity of this +-. to 2.8g frta the currunt
median cepecity of 2.0g.

Other Fracrility Dalah4 T===

1he potential of seimaio-iW=1 soil failurus such as
liquefaction, differential settisment, or slope stability is
rot evaluated at this time since these are highly sita
dependent. However, these modes should be ocnsidered when
the AIMR is sited. This is an intarface requirement.

No analyses were ccnducted in the AIMR PIE for the potential
failure of ncm-eafety related structurns and v 4 M Wiich
could affe::t safety-related functicms. GE stated in
respcmas to Questian 725.70 (Reference 19.56) that a
valkdown of the final constructed plant as well as a review
of wi-maction drawings and der ==rits will be parformed to
verify that the assand seismic capacities era met or
= - dad. The staff concluded that the plant specific
=1% is one of the most iWAnt interface requirunents
and should addrums the potential for failure of ncn-eafety
as well as safety related w-.J. 1he walkdown should
focus on potential painmit vulnenhilities such as systen
interactions, marginal ardw.,. of armim and grues
deviaticns from the design h=arits, and identification ('
failure modes not analyzed at this time. . This is an
intarface requixument.

GE irxiicated that AIMR fragilities are achievable and .

designed to withstand a Fagulatory thida 1.60 design
response n /mm with a zero period accaleration of 0.3g

-sst. However, the staff finds.that this design grusid
moticn may not envelope the site-specific si h. for sitas
near scoe areas in the eastart and cwitral United Statas
(such as sitas near the New Madrid Seismic Zcne and
Charleston, South Carolina) and sites in the western U.S.,
in addition to sitas alcng the california coast. Included
in the staff findirrJ is the significant role that soil
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amplification plays at sitas ears the ba:treck is overlain
by a layer of soil. <

,
,

.

Yt will be necessary far aplicants to autait a plant-
-

:specific protabilistic salmic hazard analysis in
4

ccmforunnan with section 2.5.2 of the starstard Asview Plan. jAt sitas east the design spectra or the r M ilistic '

bazard curve in the A5et NtA are M by.the -
ocetsspending sit: Mfic parnasters, the ad=ry=y of the
structurni design mast be dancsutreted by the apliant and
sukaitted for rwiew and agraval by the NRC staff. mis

,

is an interfaan repirement, ;

,

he operater action rMilities (df ===ad in 10.4.3.4)anstase that the operators are not irrjured in a saianic svent
to prevent them frta performing these acticms. Se ans
failure anda that may disable the operators is the failurs
of the maspended ceilimg in the control roca.- In rumperine

4

to Questian 723.69, (haference EE.6), GE has statai that the '

das of the ceilings will be unde to ensure that thecoil are preparly braced and = W J . above the
ceilings is adequately anchored against the design ssE. ma
plant walkdown should focus on this aspect of the spatial-
systems intaraction. 1his is an interface requirwasnt. ,

.

'

4.3.3.3 Summary Evaluatien of Fragilities
e

GE's ganaral approam used in developing design rpacific-
;fragilities is consistant with past MtA practiom._ Se-

staff has only idsutified one ocupcmant-(fuel saceblies)
ears alternata values are suggestad for the sansitivity
stu$y. -

2 staff rwiew finds that far osveral cowrments in the-
ganaric cxmponent category, the Amst fragility estimatas are
q+ 4=4 * ie, and vial attention will be nupired cm a site -
specific aplication to assure that thsee fragilities are
achieved. - As a result, the staff has identified several-

interface rupiruments dim = mad in Section 19.4.3.8, and
also em ducted a sensitivity analysis using-alternata

>

fragility values.: Table-19.4-3 craparas the alternata<

fragility peranstars far name exmponents used to study the
effect of fragility assignment cm the seimaic-induced cIF.
Results of this scecitivity study are diamaa=d in secticm -
19.4.3.6.-
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4.3.4 Systen)bdaling
.

4.3.4.1~ Sei min Fault Trees

mat-ic fault trees unre devalcped in the AIHL 3RA for the
folicwirg osvun important frmtline ard agport systos that
ccatair. ocupcnents hwing relatively Icw fragilities: HPCF,

- RC2C,1PFL, .3HL (supressica pool cooling acde), fire water,
anzvice matar and electric power. Jd11ticmally, a 2: malt .

tree is presented to show structural failures that could
contriktna to seienic ocre deenge fregancy. No fault trne <

was omstructed for the sutaastic depreemarizatica system
- (ADS), the staruby liquid control systas (812); or the
ruector scrien systen. Das ADS is needed to depressurize the -
reactor so that tra Ac-independent fire water oculd be used
to provide coolant makap to the reacter. The staff notesr

that the structure) failures of the ads ww Ga could
also play a rule in addition to the htaman failure of the ADS
system, whicta mly has been considered in the IRA at this
time. Because the IRA has assigned a higher probability for
the homen failure of the ADB systen, ir-a-.ticm of the -
structural failures via a systen fault tree will not
significantly increase the overall ==i-ie cr. >=amtar
and ocmdensata systems, Wiicts regaire offsite power, were
also not andaled because offsite power is conservatively

'

,

assumed to be lost to these systzam as a result of an-
earthquake.

Since these fault trees were specifically developed for,

L_ svaluation of seimminally-induced failures, m1y those
w As potentially vulnerable to maimic failure are-
included. Randan failures were nce explicitly shown as
basic events in the fault trees,;althomah they were included
in the quantificaticm of_ ==i=ic core daange frequency.

| Aln, the annumption of ocepleta dependence, i.e., when ena
l ew-.i. fails, all like ocuponents fail, made it.

unneoneaary to carry. cut multi-divisieral analysis or
ocanon-<mtme failure analysis.,

,w

critical- husen arturs are identified and included in the'-

analysist however, they appear aminly in the event trees.
_

Om faportant on.oretor actions acdaled in the frmte
maimic analysis include the following:

L (1); operator fails.to irhibit ADS during an A2MS

(ii) Operator fails to initiate SILS during an A745
" (iii) Operator fails to cmtrol-ficw during an ATHS
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(iv) Q + mt e fails to daptussurize the reactor in a
cetamuad namer, to permit use of icw pnsan
isr)Am

(v) ($etatcr falls to inject firuwetar into the RW

(vi) Operator f"mila to isolato faued PHR heat axcharryers

'!he staff's drtaued evaluation of fullt tries, in general,
is described in hw*im 19.3.5, Calculation of Ctzta Dmage
Fregaency Dm to Intarnally Initiated Events. Several
seismic specific <+aarvaticris with rugartis to fault trees
are described below.

At this time it is not pensible to in-ltr$e any spatial-
interaction type of failure medes (e.g., valve a:am
impacting a neer by pipiry or van) or flw diversim
failurs * Wtich any have an impact en the total systam
availability. '!he use of a single fragility value to
repnwant, say all valves in the systau, does rat take into
acracunt locaticn affects. In other wortis, when a fragility
is characterized by a failta pnabability emditicred on the
oco.u.6us of the peak gr:und waleraticn; theorwticany,
the same ccupennt on di.fferent locations should have
differunt tragility curves as diffarunt locaticaw vill
expericiae diffarunt responses to the same grtund mticn.
'Iha staff assumes that tha generic fragility values used in
the ABWR IPA lyh the s@act 1ccation Wtich win

f empariance the most adverse zweponers; fragilitias for other
locaticris should be lower. 7ttis chsarvation is istortant 1:1light of the u.% of '' achievable" fragilities diemW
in Secticn 19.4.3.3.

The acove two chaarvaticns hicAlight the need for intarface
requirunants end develognant of guidance to implement these
regttirenants. Sczne intarface requirments are dim,uuwi in
Sectica 19.4.3.3. Thia staff han ts:pected GE to provide a
dMcussica en the " design coca true (D':T)" principle to
anrIra the edievability of t% estimated fragilities based
can che cunvnt desigr: ptictica.h

4.3.4.2 Sei m ic Evut. Trees

the seismic event trees consist of a seismic sippart stata
event tres and thras seimic front line trees. These trees
are described in Agfeniix 19I of the A1:HR IPA. *ibe mainmin
su5 port staca event troe starts with seismic events (1cw,
moderata to high intweity). The first event tree tcp ever,t
inpires about Wwther strucu:ral fa11 urn has occurred, the
sa:ord tcp event censiders khether or not offsita pcwer is
lost and so cm. Icss of sttuh' jntegrity is m* to

.
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lead to core desage based an the grtnaidrules of the analysis
and the1 relative values of maia=4c fragilities, ard survival
at affaice power reenalts in a successful event tarmination.-
1he three frurst line trees represent the diverse entrya

conditions frca the agport state tree and varicus gerator_.
actions as follows: (1) Ices of offsita power _ (1DOP) with
eareau (2) IDCP without scrum with several operstar actims
to initiate the staruby ligtid centrol (sic), and initista
1cw pressure injecticri at a later tian in sans sequences
Wien the hiW1 preneurs injection fallar and (3) IDW without
scrum with no initiation of SLO, kut with operata action to
adsieve ahutdown by controlling ficre to prwverit reactivity-
increase by baron dilution.:

1he seismic containment event trees, per se, are not
evaluated in this section. However, in certain sequences in
Waidt there is initial successful corn cooling,: the .
lika11 hood of core damage depends.on Wwther the ocmtainment
heat removal functions are avai141e ar not. '1b this
autant,- the evaluation of the containment event trees is ,

described in the next section, Acci&nt saquenos Definition. - -

4.3.4.3 Sammary Evaluation of Systemi Wing .

As diaa===4 earlier, the fault true modeling essentially
includes only the seissio-induced herthare related failures
(both structural and functionni); no epatial interacticri
failures are ii s r.. tad at this time.
1he non-aai==4e failures are intagretad in the
quantification at the systan' level. The human actions are
3rwm. tad as top events into the event trees.

4.3.5': Accident Sequence Definitism
-

Accident sequences are devolged using the event trees described
above.: 1he a,vidarit sequences are elmanified into three basic
c1m==== ard several subclasses as shown in Table 19.4-1. .

Roughly speaking, Class I events are transients (or A2W) with
1ces of core cooling, class ~II events are events with =vv===ful
core cooling, but with ices of cxritainment cooling, and class IV
events are anticipated transients without scrum (Jms) without
bortri injection,-but with core cooling-availahla.

-1he 'evaluaticm of Claes II sequences'is dimmanad below. I s wasiA
the case with internal events, the cham II events frapency

'y' obtained frtaa the event tree analysis was further processed
thrtampt a mainsk containment event tres (see Fig.117.5-4 of the
AS4R PRA) to give credit to NR recovery for ccrrtainment heet
runoval / failure r M414ty = 0.66),-continued core cooling -
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G

(failure prttability = 0.01) ard fire wter (failure probability =
0.1) .

>
.

- . .

'

In the GE mei1mde analysis, the freguancy of class n events irput
to the GT is _4.8 E-46. 'mrcugh ocnsideration of the 5xt.antial-

for recovery of ocntalment heat reewal, omtirund core cooling,
ccmtaiment ventirg, and firewstar system operaticm, the crue
damage frequency for this accident class is estimated by GE to be
3.2 E-09.-(Note: On page 19.4-11 of the Alpm M, the class n
total =aimic ar is shown to be 4.8 E-9 per year, Wii2 appears -

to be aceshhat inomaistant with that shown in Fig. IA7.5-6 of the !

AEMR m) . 'me staff believes that the benefits of firunatar
additica are cuerstated in the GE class n cer, and that a release
frequency of E-47 is more w y late. Specificany, the Class n
events antarirq this ==immin ocntajnannt svent tzte casist of
three types of events, i.e., (i) staticn blackout seque:1ons with
PCIc failure at eight hours and low pressure maksp with the fire
wter systant (ii) station hid=t sequences with initial failure
of RcIc but with P===ful opersticm of firowetart and (iii) less
of offsita power (D.G. av=i1=hla) A215 sequences with =====ful
high and low pr-nu cooling but with failure of. suppression pcc1
cooling. 'me bulk of the class n secperces are type (1) avents,-
Wii2 have already employed fire water as the only available means
of ocre cooling. Accordingly, for these class II events, it is-
inocnsistant to give credit to firewster as a means of containment
cooling given the failure of cxmtinued care cooling.

An essentially similar seismic ocmtainannt event tree (see Fig.
-127.5-7 of the AI5R PRA) we also constructed for all the class IV
events, including classes P?, IV-1 and IV-2,3,5. credit was given
to RHR recovery for contalment heat renoval (failure pr*hility
= 0.93), cetimed core cooling (failure prebebility = 0.17) and

-

fion water (failure pdility = 0.1). If ocntinued oca cooling
fails, housver, the sequence is cmsidered to lead-to cara damage
twyardless 'of Wiether fire water is ====ful. _ By processing

.rcugh this seimnic. omtalment event tree, the total class IV
svents frequency (ir-luding classes IV, IV-1 and IV-2,3,5) was

re nari fr a 7.33 E-6 to 1.16 E-6. (Notes - On page 19.4-11 of the"

AIMR PRA, . the total Maas IV ==imit' CF is shown to be 7.34 E-10
| per year, Wild arrs to be fransistant with that shown cm Fig.
.__ '2A7.5-7 of the A15R PRA). 'mase d anges are reflected in the

maimmic core damage frequency shown in Table 19.4-1. It should be
rum.arked that more than 90 percent of the class IV sequences
antarire the class IV sef amir ocntairment event tree involve
failure of irrjecting boten into the zeector due to either failure
to initiata SICS or failure of ficw cortrol/altermte bcron.
Reactor pcuer will, therefore, zumain high and, regardless of;

i

whether cxmtimed core cooling is availAle, core riamag= may| ensue.
I

If
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In ths Amet PRA, the largest cuntribution (about 95 W.y *.o
the ==i mie coes frequency cases free class I espanoes,

.
Wie have a total se c CIF of 2.37 E-7 per yehr. However,
because of the different treatment of t'inemma II and IV sequences,l'

the staff rupentification discussed in the next amatice has
resultad-in two different cesstributians.

4.3.6 gartification of Accident class Frupancias
ana Marvin hiuns

In this section, the rueults of the staff rupersification of
accident class frupancias are dameribed from two perspectives:-
(1) 'Ihm first repentification is bened cm ths:' system * b gai
immaar identified by the staff's zwlaw. 'the treatment of class
II and class IV sotpannes is modified as discanned in section
19.4.3.6 above, ans acme of the nem-=ai-ta failure Milities
('randme= failures) are twined to km ccmsistant with the staff
evaluatiun of the internal event analystal (2) 'the ricred

f) - requentitiottion discummed here is with rumpact to asveral
alternate vaard marves bened en the ma., and Ernt mestern
Seimnici.g stasiles (Refariness 19.59 and 19.60).

'the staff approod to requentifiW=n is acauseet different then
the Abet PRh apprese. Details of and differences between the two
approaches a::e diamassed in Reference 19.20. . Both appece des give
essentially the asme restits using the some data verifying the
adequacy of the gaentificatian apprusch. 'the staff has perfemed
the regantification using the Boolean egantions developed for
various erwident clanees.: 'Ihe use of the Booleon espoticms has
allcwed the staff to develg accdderit class level fragilities to-
develop servin inforestism. -

,

4.3.4.1 hema =====rst of the AB5t matank care
Desgo Frupancy - System Modeling Zemass

'the seen erstaal frecpancies for the nine accident classes
calmtlated by using s's hasard marve (autanded up to ag)
and fragility data are shcom in 'thble 19.4-1, eere m's
best estiasta values are also shown for ocupariaan. 'the'

total asismic GF obtained by the staff is 1.3 3-06/ry,
about a factor of five larger then that obtained by 3
(2.5 E-07/ry). 'the otabined anon anstaal frupancy of all
class I sagaenons is 6.2 E-07 cogered to m's valua of
2.4 547. 'the larger values obtained in the staff study can
be attributed,_ in most cosas, to modifications of sequenons
and changes in renda failure prebebilities -(Table 19.4-4)
and centributiens frta earthquakes bayend 1.25g. 'the mean
annual frequency calmalated for class II events is 5.7 E-06
compared to the Abet PRA value of 4.8 E46. 'the staff value
as re&ced by an ottaar of magnitude to 5.7 E-07 by giving
credit to c::ntairment venting. ('the failure probability of --
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0.1 nainly includes turcticral failures of the ventity
syste, axts as the failurs of the rupture disc, for which
data is scart:e. tbts ttat the AEER seismic EA does rot
explicitly armlyze ocntainment ventirg). me AtHR WA value
was thi to 3.2 E-09 by prteessirg thrur#1 a seismic
ocntairnent event true, givirg credits to RIR reocrnry,
contirund care coolitg arri fin watar. As explained in
detail in Section 19.4.3.5, the staff believes that GC has
cuarmstimated the cndit for firewatar acklition for Class II
secpanoes and that a value of 5.7 E-07 is more aihiata.

A rwresentative mean fragility curve for one accident
class is shcwn in Pig. 19.4-3. A nore detailed
dh==icn of weidant class fragilities is in the
next subsecticn.

4.3.6.2 Haan CT for mree (Atlected Sites Usirn WE or
DRI Hazard Curves

% study the effect of sita variaticos cri the calculated
nean CT, three different sitas, Pilgrim, Saabrock ard Watts
Bar, wari selected arsj the hazard curves developed by both
WE and DRI for these sites were applied. B esa three
locaticra in the as vars nelected because of their
relatively high maianic hazard. By ocnvolviig ma uman
hazard curves with nean fragility curves fe,r different
sequences, the usan arrual frerpmcias of tra nine accident
classes were calculated for the three chosen sitas.

Table 19.4-5 shcus the ccupariscn of total ard accident
class core damage fregoercies cbtained from the use of
varicus hazard curves (with the sequences aniified as
dime =1 abcue) .

Frca the observations of results in Table 19.4-5, it is
cpita clear that the CNs are greatly impacted by the choice
of a hazard curve. Se use of the WE hazard curves
predict auch higbar (Nu than the DRI hazard curves.
Implicaticos of these er* .mstas cn oceparison with the A1HR
Reuirments W=rit CF and the hianicn's subsidiary
CN goal are diaW in the conclusion sectico. Here
imporwt to point cut horn is the fact that the rankirq of
the secperces is robust for different hazard curves as
highligh?md in Table 19.4-6. (mis may rot be apparent at
the first glance until it is realized that the maan cts for
the first two classea differ by a factor of less than two.
Given the range of unourtainty in the CT estimates, this
differerre is irsignificant). Se dcenirant ocotributors to
varicus sequences are listed in Table 19.4-7.
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'me staff further 1rweetigated the accident class
frequencies to identify the ranges of ecoaleration that
aantributa most slydficantly to the overall frespency of
occantunos of the am'Marit class esquence. A representative
emmple for one hasard curve and cra accident class is shown
in Fig. 19.4-4. teervations frtue this figure chareotarize
the trendt as seen the omtributicri frtan the

ranges balcar 0.5g is very small. 1his indi-
cates that very large earthpahms mast occmar in order for
any skydficant damage to be dme to the Ainst and that the '
design is capable of resisting earthpahms significantly
larger than en SEE of 0.39

1he abcwe cheervations are not snarprising in the li@t of
McIJF values for the accident classes. 'hable 19.4-4 lists ._
.the Mc1JT values for various accident classes. The lowest
value of the accident class McIJT is 0.649. In the margin
senes, this can be interpreted to indicate that there is a
very hi$ armfidence that core doenge would not occur for
acoaleration 1sysla as grust as 0.64g. Further, the McIJT

-values do not repriment a cliff bayed Wtich the cepecity
dooreness sharply. In fact, for the fragility of the ID-2
engannom shotm in Fig.19.4-3, the andian value is sp-*

-

przecientaly 1.8g. It is also important to note that the
prtper accountiryl of the rendcun failures in the ocabinations.

Were both asianac and rende failurus are involved to cause
an accident espanos is essential. Ftur emaple, for class
II eespanoes,. it contalment ve@r is not ousbined with
the trwility of seimsic-irdaoed fadures, the inferred
MCIJF value for the class II enspanoes will be 0.43g rather

.then 0.739 1his point-is also hi$li@ tad in the statt's
draft IPEIE guidance docassent (Referunas 19.55). - *

The abcm, discussion should hi@ lip.t. the fact that the
rasserical CIF rusatits for the AIDEL desipi are controlled by
such larger earthquakas Wsich are est open to speculaties
boomune of the lack-of recorded data. 1he mean CIF
frugaancias are dcaminated by moestainties in the high
hasard estiantes. At the esmo time, the Altet plant, with
the assiped_ fragilities, is shown to be a supped plant with_

respect to a 0.3g asE. Therefore, the staff,- canistant
with the reczumendations in the draft IPEi!E quidanos
docament, believes that the use of bottom line numbers

adequeey of a design.gcworning critarian to determine the
should not be a sole
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4.3.7 Uncertainty ard sensitivity Aralyr.cs

4.3.7.1 uneartainty Aralysis

the ABWR seimic risk aralysis used a single seismic hazard
curve with ro explicit censideraticn of uncertainty.
Similarly, variability in the nadian seismic capacities of
tra +=&s ard stnctures was also ret explicitly
emented for. The results frta prwious WAs irdicata that
therv is large uncertainty in selmic hazard ard in name of
the ccxTonent maiian fragilities, ottan resulting in orders
of am;pitade variability in cori dange frwperry. The
uncertainty in amianin core damage frapency was estimatal
in the following by explicitly treating the uncertainties in
seismic hazard curves for the thrse sitas ard seismic
fragilities of w-Rs. Variability in the capacity, 8
for different w-As was split into rardcnness 4 ard ,,
uncertainty 4 parts, ====its equal ocotributico frcu mach.
The representative risults of seimic risk cpantificaticn
for the Pilgrim sita naimmic hazard curves ars given in
Table 19.4-9. Nota that the maan values in this table agree
closely with the results cbtaired by a corwolutien of reans

hazard ard ranan ility curves, given in &cticn 19.4.3.6.
'Diis, in part, prw a crnfirmatial for the staff
reocrsnardation made in Paferarca 19.55 regarding the use of
mean hazard and mean fragility curves to apprucimataly
obtain meen ctr values.

In order to differentiata betheon the crntributions ofuncertainty in ility frta the uncertainty in hazard,
mairnic risk ficaticn was repeated usirq median (A)
ard 8, values for fragility with a full set of hazard

Camparison (Tchle 19.4-10) of the annual frequencycurves.
values with the original results indicata that the
contributien of uncertainty in fragility is negligible ard
nost of the uncertainty in cori danage sequerce frequercies
is due to urcertainty in the seismic hazard.

4.3.7.2 Sensitivity Stalias

4.3.7.2.1 Specific ard Generic Pragilities

In the ADHR stardard plant seismic EA, a limited
number of structures ard corponerrts vers analyzed
for specific fragilities; the rest of the
wsits worn assigned fragilities generically.

The structural fragilities specifically evaluated
in the ABWR seismic WA are for the reactor
buildirq shear walls, contairnent, reactor
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pressure v==al ard painstal. 'nnse a;paar in the
systan called SI, i.e., seismically in+r=d
structural failure. Only the Class II frequercy
is affected by stru:tural failures. De mean-

anrual fregaarcy of this setpence is calculated
using the ABHR saisanic hazard curve as 5.3 E-08;
if ceily the SI systan is retained in this
sagaence, this frecpancy is decreased sligtitly to
4.9 E-08. About 50 percent of this frequency
ocuss from the cxrrtrol tuildirn ard the rest mm==
from the ranctor im41di g.f

only ein Is.2 is directly affected by the RW
related fallurse, i.e., AB4R specific wwe J.s
such as the RW, shroud sqport, 00 guide tutes,
00 bcusirgs, ard fuel assemblies. 14mn these
cuw-rus wre re:med frun the Boolean equation
of this Class, the maan annual frequercy drtpped
flus 4.1 E-07 to 3.9 E-07, d -snirntirg that the
generic ccspcsants pzwide the &sninant
ccritributicn to the cla== frecpancy.

4.1.7.2.2 Altarnative Fragilities

be accident clama amen frecpencias vers
calculated usirs diffatwit seismic hazard curves
ard altarnative mai==in fragilities frun
Table 19.4-3. 'Dable 19.4-11 sh:wa the results,
including HCUY values resultirn frtan the use of
different fragilities. It is seen that the mean
anrmal fregaancy of Class IB-2 inczma=1 by about
a factor of twor this is boosune of charges in the
fragilities of the reactor internals ard the fire
wetar tardc. 'Ihe mean arrmal frecperry of Class IE
increased by a factar of 6 to 8. Bis increase is
mainly due to the rwvisad value of the control
buildirg fragility. % e Class II fregaancy
ircreased by about a factor of two. '1he Class IV
frequency also incrmaami by a factor of two.

4.3.8 Sucinary of Results, Interface Fhaqairments, ard Ocrclusions

4.3.8.1 Ananary of Results

Table 19.4-12 sunwrarizes the mean CCF of varicus accident
classes obtained in the seismic regaantifications usirg UE
seismic hazard curves, alarg with the mean CDF estirated by
the staff for internal events (with the original fragility
values). Note that all of these results are cbtained frun
uncertainty analysis. %e total CDF of all accident cl-
due to seismic events rarges fran 4.6 E-05 to 8.5 E-05. If
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they are cambined with the frequercy due to intermi events,
the total CN fran both intarmi events aid seimic events
would rarne trun 4.7 E-45 to 8.6 E-05. Ikurvar, the three
sitas chosen for the evaluaticn represent sites term higbar
hazard estintas have been predicted using the LIE
methodology. Tcr the same three sitas, the resuitirg
saimic core dange frequencies usirg the EFRI hazard
estintas rarne from 1.1 E-6 to 2.9 E-6, with the rarge of
the total cori dawyn frerpency being 1.8 E-6 to 3.6 E-6.
Also, for many other HJS sitas, particularly those in the
low esimic armas (e.g. Florida or the Gulf Cbast Raglen),
the seimicany-iMv=4 cars Anne fruquencias can easily
be one or two artiers of magnitnie lower than that ocup.rted
abcve. As an soample, rwsults are also shtun for a
midwestarn sita in Table 19.4-11. The calculated CT for
this sits is 2 E-5, even with the altarnative fragilityvalues. 'Iharufors, it is m_ry to twccgrdze that:
(1) even for the same sita, hazard pzwiicticos can be vastly
di2farent using different, but equany acceptable, methods;
(2) mann hazard prulicticns are driven by the large
unoartainties ard outlier estintest and (3) in a vast area,
such as the zus, salmic hazard varies a great deal fran
site to sita. It is newy that any cerclusicra
reganiing sita suitability or design suitability not be
governed by usirg rumarical results in the absoluta sense.
Other insights, such as the plant rtrg.Less, the naturn of
prwiicted sequences, and identification of failures
contributing to the sequences should also be taken into
acccunt.

It shculd be Itsnarked that the annual frequencias of Class
II seistnic events shown in Table 19.4-12 arv those after
giving crw11t to cantairmant vanting by a==ing the failure
probability of ventirg to be 0.1. For Class 17 sei nic
events, about 79 percent of the ccntribution to the aman
frequency ocnes fran earthquakas, with peak ground
sooeleraticn less than ig. thier these aucaleraticns, the
contaiment structural intsgrity is pmerved since the
ICPF capacity of the ocntaiment *- art 19 It is,thereform, reascnable to assume tu che cpar_ x would be
able to vent the ocutainoant if ths antirn is to be dcmemaruany.

A rwview of the ICEF capacities for different a"*1 dant
classes also reveals the importance of certain c1naam.
Fran Table 19.4-12, it can be seen that the two classes with
the lowest ICTF capacities are Class IB-2 (HCLPF = 0.64 g)
ard Class II (ICPF = 0.739). With the alternative
fragility estimtes, these ICEF capacities are chvged to
0.63g ard 0.7g respectively, Wich are still abcut twice the
plant SSE. These capacities, therefore, appear to have
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ocrsiderable margins. It is important to reta, however,
that for sequerions Wars the emblent ocritainnant pressure is i

ret redaced sufficiently to allow the operstien of steam- t
,

driven pays, ths msa value for the plant reinoes to
0.43g. De robustness of the ranking of sequenons, and
hence omtributing failures, me di=* in the prwious !

emotims. i
,

Finally, the ABR mal-tr Ma omsiderud isolatice of a ;

mat =tcally iniaoed les hast estanger failure to prwent
draining of the appreesism pool. However, seismic events

,

leading to an early failure of contairment isolation aru ret
explicitly analysed. Althenagh failures of the B:I3 lines
and related valves aspear to be implicitly trustad, failurus
of other contairannt penetratia lines (e.g., inert lines, I

IIJtr lines, and purge lines) or omtainment isolation valves !

&as to asimic events are ret addrussed. 9 tis may have some
lapact cm risk integration. Om staff has ocricluded that GE -|ehould prwide an evaluation of the r M ility and
ocnemgannons of contaiment penetration lines or ocritairment
isolation valves failing &aring a mat =ic event. niis is an
outstanding item.

!
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4.3.8.2 nat=4c Review c:rclusions

rzum this review, the fo11 cuing croclusions aru drawn:,

(1) De study identified the dominant segmans ocritributirg !to salmaic risk arzt descrwtrated that the high
confidanon-1cw probability of failure acceleraticrr
(meismic margins) far thane sequenoms ars 0.64g or
greater. It is concluded, therufers, that the AJet
stardard design for structurns and agaipment auhlbit
esismic cerebility significantly boycrui Safe Shutdown
Earthquaka accaleratica levels (agproximataly twice the
asE) as lang as the easigned esismic onpacities are
adtiavved, and unanalyzed failure modes do not have
adverse W =.

(2) By corivolvirq the w% clama fragilities with the
esismic hasard curves, the anrmal frwpencias of the
accident classes wers obtained. m e results us12g the
12E seismic hasard curves demonstrata that the uman
annual occurrenos c3quency of ==4-ion 11y induond ccre
damage for the ABHR starxiard design is in the targe of
4.9 E-05 to 7.5 E-05 for the three sitas studied. The

: wu+41:q values using the EPRI hazard curves range
from 1.1 E-06 to 2.9 E-06. Pbr the sitas Jz:een, the -
use of the 12E hasard estimatas indicates that the AINR
design gosi of 1 E-5 for the GF is ammaandt hcurver,
for the same sitas the use of the natI hazard estimatas
indicatas that the GF estimatas are glite balcw the
goal. Even with the alternata fregi.11ty values and the
higher of the two hasard estimatas, cr for high saianic
sitas in the Eastarn United States is in the order of
2 E-04. Fhe a acre representative sita, this estimata
is in order of 2 E-5.

(3) An analysis of the ccritribution of diffarunt peak ground
accaleration ranges to the care damage accident class
fragancias demonstrated that the ocntribution of
earthqua'tas 19 to 0,5g pga is not significant. Bis
sLpports the conclusien that very large earthquakas a.st
occur in order ter any significant damage to be done to
the plant.

(4) Se influence of unomrtainty in different aesnaptions
ande in the fragility nodaling and seismic hazard crt the
care dansge class frequencies was investigated.. Frtun
this, it is concluded that the results are fairly '-

insensitive to uncertainty in fragility and aru driven
by uncertainty in ==4==ic hazard.
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(5) me sensitivity of the accident class freqaencies to
seimnic huard was addressed by ccrparirg the results
obtained usirq the hazard curves devaleped by IllE and
EERI for the Pilgrim, Seabrook ard Watts Bar sitas. me.

results shawed that, Wtile gros.s differerres in hazard
wrviain can significantly affect the accident clann )
frequencies, the intertarce or orderirg of different 1

classes in terms of their cmtributim to the total core !

chmge frequency is rot significantly affected.

(6) Fur the three alternative sitas examined, the accident
classes IB-2, IC ard II vers idetified as dcninant in

their contrihrtica to the total core dange frequerry.

(7) 2e seismic margins expressed as the High Oxtfidence of
14w Probability Failurs capacities for accident classes
IB-2 ard IC art 0.64g ard 0.88g, respectively. Tbr
wirlant class II, the seismic margin is 0.73g.

(8) 2e rankirg of the sequences, ard hence cmtributing
failures, are insensitive to the hazard selecticn ard
is, thersfare, relatively robust.

In sumary, perdirq the resolution of cpen ites, the ASR
plant design from the perspective of seismically-intxad
severe wiriarits is cb .bted to have a significant

'

capacity boycrd the design basis. With the ass ==ari
fragilities, the ecsputad rarge of seimic CDFs demonstrate
that the plant design could be located at many of the DJs
sitas with the likallhood that the ctr vill be less than
1 E-4. In order to C_x i. sata sucit a suitability, a rumber
of interfacing requis 4 Will have to be net, ard a
sita/plar$ specific seismic IPA vill have to be performed
sucts that failure vriam rot censidered at this stage do ret
invalidate the above conclusiens. mese ocnclusicns are
ha==4 cn the core dange accident sequences irduced by the
seismic events, the zwiew of consequenoa analysis ard other
detarministic design rwiews contained in other parts of
this SER may have separate requirmerfJ and ocnclusicrs.

4.4 Intarface Requirements for other External Events

1. Se staff, ocrsistant with the raccrmordaticns of
Referarca 19.53, perding the staff review of the AthR
Requirements rWmarlt, requires that a cita ard design
verificaticn be performed een a specific sita is selected
for the external events, sucts as extermi floods ard
transportaticn hazards, for Miich to analyses can be
performed at this stage.
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2. 'Ihe prtimbilistic analysis fer internd floods cust to
perfomed Mwn a specific site is selected ard the plant is
tuilt.

4.5 Dctemal Events Review Ctriclusions

Review finiirgs for the tomada strika ard nabie' events are ril-@
in Sections 19.4.2 ard 19.4.3.8.3, respectively. With respect to other
events, GE has ret ocntrtad any cpantitative aralyses. It is ccrcitrkd
that sme gaantitative analyses shculd be perfomed for fire ard
intamal flood hazards. Ttir other extamal events, sucts as external
flocds and transportaticn accidents, sita specific evaluaticns will have
to be performed to cbu Lota no adverse inpact cn the risk frm these
events. Walkckwra a:s the major interface requirements for the extenul
events.

For the seismic ard tomado events, the design, with the assigned
fragility values, has been shown to be nrfjed for the beyard design
basis events. 'Ihe octruted CDrs iniicata that the design can be plaesi
at rest of the DJS sites. 1kuever, a crrisiderable interface requirement
evaluaticu will be needed on a site-specific applicaticn to chuwdata
that assu:ptiens unde in the PBA are not grcssly violated ard the sita
specific features do ret edversely affect the ccmputed cars or other
insights.
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w. ststf tpresruf eman mas)

SL8kn, Sta+4 turneruf
h tant Antimmte CD8 tuast test 9eth_gur
Ems n==Haien m m
lA frwetene folland hv Mhat of him pnesww 24 E4 4.414

ser, eastleg waf follww to asnmarise me
teurer.

32 Staties blandued oueres vim CC pellele fur FJ I4 4.187
er, aeslieg fw aggrelastoty 8 hass.

IC AM seres wlmaa turen injectlan, amated 9.0E4 9.5 E4
wlm Leme of ear, emettre. temmel felles et
law primmws.

ID Trvsists follmed tw Lams of hip premnss 2.3(4 5.3t8
anre emolles, maxameful merimariastian, but
lams of law primas, ear, emotity.

It AM puwes wlmaa harm in}ertien, easted 5.014 5.314
wie less of ears emellry. vessel feitwo at,

hi p prumnae.

!! tresivt.152 sW AM (wlm harm in}ectivo 3.2 E4""* 5.7 E P"
eness wie mesesM es,smalles, k wim
punible follww of scritstrurit.

IV AM oueres wlmaa harm injectlan, but wie 2.7to 54 E4
sure assitry selle le.

M1 AM wtm are in}ection suge twrdrg. 9.9 t 10 1.3 t 6
kaunostul fleu eartrol.

>2,3,5* AM wlm 2,3 w 5 suas twisirs. coarseer 7.9E4 4.1 E4
felle to eartret flau.

'

-

Total 2.5 (*7 1J E4

* fy Z AM wim CC follww.' 2 WF |ues are tuviirs. Cymrster fells to eartist flaw.
Tv3 AM taim 3 pugs (CC e 2 RF, or 3 LMu rwritry. Operstar felle to cetrol fles.
TV 5 AM with ri A05 arti,stle er o sask-tgen m/. All MF sil LML puss erg summed to be in ourstion. Operstar feils

to eartrol flaw.
* - This wtw reflects me failure pree(Lity of c6struard wrttrg, die uns tuhm to be 0.1. The frusesy hofero

rivirs crusit te cantairuert wrtire ins 5.7 L 6.
tw framewy tefer, pruemusirg thrmah aclame erteirust e wit true uns 4.8 (4.=
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Tatde 19.4 2 ASJt leises frugiller &Juury

(Tatdo 19.4*2 of tre AAA MtA)

PM*JC.curv'8 Fefltre m n Carity W Cabia

Vtarteimr

haucts tscle War salts tear 2.8 0.0
Ccritalruert pour 4J 0.44
Irv Puestal plearst 7.9 0.44
Catret RAlclire Flearst 2.0 0.50
Turtdm MLoire Flenrot 1.0 0.50
nemeter grisaars weset siirt arour totts $J 0.33
proaf assert krillry 1.9 0.36
De sine tL&as itsittry 1.7 0.36
OD haatres Plastle yielerg 3.9 0.46
Punt Amusedian Owret tutlire iJ DJ5
Cdde trwre kasxrt 2.0 0.60
betteries ard tutte y escas ArouruseMF 3.0 0.0
tottery surges /trierters LDF IJ 0.0
Electric emessant (ctweter)

Arcttan reaArut cartry e. ort toler chsetartre 0.8 0.50
Airtlei ruaArsd af ter ears heter euttertry 2.0 0.50

Pirwltrwe/tratamentatim surets Arcticrol/strwthret 3.0 0.0
Mtcheur/9totar ecritrta centers herticral/stnettret 2.5 0.0 *

trirefanmars Arcticrut/stnctLret 1.5 0.0
Dienet ersrvtars & as xrt pretens ksaxrt 2.5 .$.0
furtsrettien mese Aroursen 2.0 0.45
Noccr eiers puts Arcirage/lageller cerf to 1.4 0.0
Must andergers/ssett taras Ardurice 2.0 0.0
Alr operstad welms Stan tdristryvAtr tire 3.0 0.60stacr-gurated totwa Cterster estarticri 3.0 0.40
Sofety relief, sursal & cruu*
wtas traemet cousse 3.0 0.40lytad(c oversi unf ts LCF Z.0 0.30
w = 8 stars easxrt 2.0 0.45
Large flat tmetan storige tras Aroeries 0.9 0.G
leac detire tapart LO 0.40
Air hardire uiits Staderdadre 2.0 0.50
Hsdre assart 3.0 0.40
kried dead steel pipiry tztlirs/tssxrt 2.0 0.40

' Capacities are in terms of median ground acceleration.
2 Con 61ned uncertainties are composite logarithmic standard deviations of
uncertainty and randomness components.
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Table 19.4 3 Altemative Fragility Values for Selected Canpanents

Attammtim htas W ral vahms
tumur n s Caumettr W Casunus Marial Cantitda) hetened $M*.1D

.

Ikuurtaim itsmrtate

(arerst 1.5 0JO CAF 2.4 0.0 0JB
Widtg

Hammt IJ DJO SAF 2.5 0.0 OJB
tw w somre

freWarer 1.1 0.0 03 1J 0.6 0.53
(@ v AC)

Ostieries eW 1J 0.0 0.52 3.0 0.0 1.5 '

aiman
hartery Osr= 1.1 CAS 03 1J 0.45 OAe
sat itterters

ester Mtess 1J 0.30 0A0 LO 0.90 0.42
(W V)

trwehrero 1.1 0.0 0J9 1J 0.0 0.53
(@ V M

Insee Ortrol 1.$ 0.90 047 2.5 0.4 9.5
ctr ( 4 D V M

Amt Assmety 0.9 0.5 0.2 1J 0.5 0.SB
lemmt Lahury 1.4 0.4 OJO 2.0 0.0 0.M
teos (u) 1.1 0.0 03 1.5 OA5 0.33
Tem 1A 0.0 OJO IJ CAS 0.15

(fire meer)
nest Larurger SA CAS OJD 2.0 0.0 0.M
(M

hems Air ced. 1.2 0.90 0.P LO 0.50 0.42
(Ht

puo. sesear 1A 0A5 0.56 14 0.0 0.56

torts ae'erwoe 19.E certales sWeettwu for sitevote frustlity smalysants.

,

|
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Table 19.4-4 Ran&m failum Pmbabilities Used in Quantifying Seismic Com Dan *>e Fnmeney
(StaffRe@antification)

Selsnic Randen Failum Ermr Factor '

Event Tree Probability for Lognonnal
Top Event Definition (Mean Value) Distribution

C Scra and ARI failum. 1.0E-05 5
C4 Failure to initiate SLC. 0.2 3
C42 Failum to initiate SLC folicwing 0.3 2

failum to inhibit ADS.
FA Failure of fim water. 0.1 3
FCTR Flow contml/altamata borun. 0.2 3* H heat exchanger failure 6.0 E-03 3
LOP Loss of offsite power. 0 -

LPL SRVsfailtoopen. 1.0E-02 3
PA Failurt to irsibit ADS. 0.1 3
PC SRVs fall to reclose. 3.0 E 43 5
PC2 SRVs fail to mclose during ATWS, 0.1 3N Energency pmer/servancy servica 0 -

M8ttr.
SI Stmetural integrity. 0 -

LH Failum of E1 (1 out of 2). 8.0 E-03 3
UR Failum of EIC. 4.0 E-02 3
UR2 Failum of Elc (ATW5). 5.2 E-02 3

.

V Failure of LPFl. (1 out of 3). 7.4 E-02 3
W1 Failum of M 1 out of 3). 1.6 E-03 3

Failuru of M (2 out of 3).W2 ( 3.9 E-02 3
,

X Failurt of sanual depmssurization. 2.0 E-03 3
X1 Failum of manual depressurization 2.0 E-02 5

(stationblackoutFailum of manual)depressurizationX2 1.0 E-01 5
(ATW3).

.

4

h
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Table 19,4*5 MvancW Boilirg Water Reactor Chsign - A Smmary of Mean Core Damage freq;ency Basw on H i
(Intemal Ivants) ard E0E-H. (Seismic Events) Recpantifications

atm laum Care teamet
C.D.F. da fresawy me to
to treamel teleads tveres

hstert Parte
Cleme (/ry)

toissie

Jed Megn
MmeerW of LUL Iman M i heen

immere tarw lamarW Osw

Hly ie tenstra ustte ter Hlerts tsaartak Wstts her

14 3.4 t 7 4J I4 2J I T 1.5 t 7 24 t 7 9.9 (4 6J I4 3.8 t 9
3.g(2) ga g,g __ .. _o ,_, ,_, om ._,

ts 2 L144 4.1 t 7 2.244 1.514 IJ 14 9.5 t 7 6.0 t 7 84 t 7
m.3(2) 6.4 t 10 ***** ***** ***** ~ * * +- ***** *****

IC 4.0110 9.5I4 1J t4 1.2 t4 1.7 t4 3J t 7 3.4 E 7 2.0 l 7

a 1.1 t 7 $.5t-8 3.5(4 2J I4 3.784 1.2 t 7 LA t 7 5.114
It ~~ C3I $J I4 TJ I4 5.114 7.084 14 E*7 1J t.7 8.6 t 8

!! 2.8 t'4 5.7 t /'I I J t-$('I 9.9 t4"I 1.7E4('I 1.1 E d'I 5.5 t /'I 3.4t7"I
3|gA(1) 5J I4 ~~~ *~ ~* +~~ ~ ** *~. ~~

gggp(5) 93 g.g _ ,, __ o,o ,_ ,_ __ ,, _

N 2J t 7 54 E4 AJ I4 2.714 4J I4 1J E 7 9J 14 SJ I4
N 1('I 1J I4 7.1 t*7 4J t 7 TJ t 7 2.584 1.7 E4 1.0 t 6

-

03Tw2,3,5 4.1 E4 1.5 E4 1.084 1.484 8.184 4.7 t 8 2.4 t4
~~

total 7J t.7 1J E4 7.0 t 5 4.9 I4 TJ I4 2.9 E4 1.9 I4 1.1 (4
,

,

(1) This is G.t.'s trusfiry hasartf asw taun frun TImas || Man.
(2) For esismic e.was, car, chaos fraprties me to clemens 151 erd 18 3 totstlen Idr*aA with CC follwe) ers careleures

ruolipilsle.
O) For treamel om, to aflettrrtten is emek lethman class IC (AM, most feltwo et law primm41) oli Ctese it (AM, womet

follwg et hitt pinumwe).
C') These wluss twf tect tre fellw, pritmerility ut artettset wrtire lAlch tes talues to le 0.1.
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per N 2 N 3 arts ,Y4, cserster falls to attrut flom
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IA 4 It @ 9 2.X W 9 1.M @ 9 IE @ 9 9.W @ 9 6.M @ 9 32 4 9

m2 6.1t @ 2 2.18 4 1 1.M 4 1 2.M 4 1 9.M @ 2 f.W 07 2 3.M @ 2

1C 9.5E 4 3 1A4 2 1.24 2 1.7t4 3 3.X-07 3 34 07 3 1.R-c7 3

m 1.M 4 $ 1.M 4 6 2.14 6 3.7t4 6 1.M @ 6 Late 6 5.11 4 6

1t 5.X4 6 7.14 4 5.W4 4 7.24 6 1AW & 1.M W 4 84-2 4

II" 5.M 4 1 1.24 3 9,w-06 3 1.34 2 1.11 4 1 5.M @ 1 3.4t @ t

!v 54 4 4 6.3 06 $ !.7t 4 5 4.M 4 5 1.3 @ $ 9.2 4 5 l.M 4 5

IV 1 1.M 4 8 7.11 07 4 4.M @ 8 7.M W 8 2.24 8 1.34 8 1.24 8

IV,2,3,5 4.u 4 7 1.M4 7 1.24 7 12 4 7 1.18 4 7 6.M 4 7 22 4 7
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Table 19.4-7 EXminant Ccotributors to Accident Class Frequerries Based cri
.

oticulaticna Usity Maan IIE himmic Hazard - Curve for Pilgrim Sita
l

.

Rank cedar

of W4 dant '

Mean Anrual class
,

Accident Fregurry
class 0:minant contributors *

IA 2.3 E-7 9 Mostly high capacity doubles and triples

IB-2 2.2 E-5 1 Invertars, 480 V AC transtnrmar, Service
Water Pump

IC 1.8 E-5 2 Fuel Ammanblies

ID 3.5 E-6 6 lbtor driven pups

IE 7.3 E-6 4 Reactor tuildirg, ccotrol W1dirg

II 1.3 E-5 3 Invertars, 480 V AC transformar, service
wter pump, actor driven pump

IV 4.2 E-6 5 M'stly chubles

IV-1- 7.1 E-7 8 lestly dcables

IV-2,3,5- 1.5 E-6 7 )estly doubles 1

!

Total 6.9 E-5

* Loss of offsita powr is assumed to - at small earthquake acoalaratica values,,

i

|

|

|

|
|

l
,

. v , ,,e,,, ,n-,-,,---<, -,wm,,,,<,,--,,,v- , ,, - , ,, , , -, - ,,, , , , ,s--. ,,x,- , , , ,,w-,,



. _ _ _ - - - _ _ - - -

*oG'L.

I

Table 19.4-8 101T Yalues for Accident Clasres

CASE 2 ICITfoi

IA -

IB-2 0.64
IC 0.88

IB 1.01
IE 0.91
73 0.73
IV 0.86
IV-1 -

IV-2,3,5 -

!CII: Fa11urs prtbability of otaltainment venting (0,1) is incitded in
class II analysis.
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Table 19.4-9 Annual On rmwye Segaanos Frv.pencies Calculated using LINL Salmic.

Hazard curves for the Pilgrim Sita

Sequence HC2F(g) Mean Median 5% 0:nfidence 954 Confidence

-

IA 3.6 E-07 1.1 E-08 5.6 E-11 8.0 E-07-

IF2 0.64 2.7 E-05 1.2 E-06 6.5 E-09 6.7 E-05

IC 0.88 2.3 E-05 6.8 E-07 8.5 E-10 5.1 E-05

ID 1.01 3.8 E-06 1.4 E-07 7.2 E-10 8.7 E-06

II 0.91 9.5 E-06 1.8 E-07 2.0 E-10 1.9 E-05

II* 0.73**- 1.3 E-05 8.6 E-07 1.1 E-08 3.7 E-05
.

IV 0.86 5.6 E-06 1.6 E-07 3.8 E-10 1.2 E-05

IV-1 6.6 E-07 1.8 E-08 5.5 E-11 1.5 E-06
-

IV-2,3,5 1.9 E-06 5.8 E-00 2.4 E-10 4.3 E-06
-

,

t

* Failuru pretability of otritainne.it venting (0.1) is Arcluded
HCDF vithout containment vert,ang is 0.43g.**

.

t
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Table 19.4-10 Omparistm of Cbre Dsnage Frupency for Different Sequences usirq (4, $,, p) ard (4, p,) with Eb11
Set of IINL Seismic Hazard Q2rves for Pilgrim Site

with (4, p,, p) With (4, p), . .
,

54 95% 5% 95%Serpence Mean Median Omfidence Cbnfidence Iten Median Cbnfidence Omfiden

IA 3.6E-07 1.1E-08 5.6E-11 8.OE-07 2.42E-07 1.31E-08 8.80E-11 6.5E-07
IB-2 2.74E-05 1.15E-06 6.86E-09 6.55E-05 2.59E-05 1.24E-06 7.97E-09 6.61E-05
IC 2.28E-05 6.78E-07 8.51E-10 5.10E-05 2.29E-05 7.74E-07 1.29E-09 5.63E-05
ID 3.76E-06 1.37E-07 7.17E-10 8.74E-06 3.89E-06 1.86E-07 1.02E-09 1.OOE-05
IE 9.45E-06 1.82E-07 2.04E-10 1.86E-05 1.03E-05 3.60E-07 9.50E-10 2.49E-05

II* 1.30E-OS 8.58E-07 1.05E-OR 3.71E-OS 1.05E-05 8.82E-07 1.49E-08 3.29E-05
IV 5.57E-06 1.63E-07 3.75E-10 1.23E-05 4.42E-06 2.00E-07 6.48E-10 1.13E-05

IV-1 6.58E-07 1.84E-08 5.54E-11 1.46E-06 6.72E-07 3.43E-08 1.54E-10 1.78E-06
IV-2,3,S 1.88E-06 5.82E-08 2.43E-IO 4.33E-06 1.51E-06 9.25E-08 6.63E-10 4.19E-06

.

.
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. Table 19.4-11 Accident Class Frugaarries for Different Sitas with Mcxiified Fragilities
(11NL Hazard cunw)

C2 ass Pilgria Senbmi Watts Bar Zion HCDF
IA 1.88 E-07 1.38 E-47 2.39 E-07 4.10 E-08 -

IF2 5.59 E-05 3.99 E-05 6.34 E45 6.79 E-06 0.63
IC 2.14 E-05 1.42 E-05 2.18 E-05 1.89 E-06 0.85 1

1D 3.43 E-06 2.34 E-06 3.95 E-06 4.07 E-07 -

IE 5.24 E-05 3.71 E45 5.90 E-05 5.44 E46 0.66
II 1.96'E-05 1.59 E-05 2.79 E-05 3.20 E-06 0.70
IV 9.84 E46 6.72 E-06 1.14 E-05 1.37 E-06 0.89

1IV-1 5.21 E-07 3.87 E-07 6.76 E-47 7.34 E-08 - '

IV-2 1.92 E-06 1.58 E-06 2.80 E-06 4.31 E-07 -

Total 1.65 E-04 1.14 E-04 1.91 E-04 1.96 E-05

i

.

I

9

*s

,

||
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Table 19.4-12 Maan Cort Durr/je Frmpancy Based on R (Intemal Events) and EQE-R !
-

(Seimic Ever/.s) theertainty Malyses
.

.. :

Men.)

C.D.F. D/s Mean Cort Damage Frupancy
to Intan 41 Eue to Selmic Events HCLPF

Accident Event /, Using LLNL Seismic Huard Curves * (g)
Class (/ry) (/ry)

:

Pilgrim Seabrook Watts Bar i

. , - -

IA 7.4E-7 3.6E-7 2.lE-7 3.7E-7

IS-1 1.8E4 -

18-2 6.lE-9- 2.7E-5 1.E-5 2.E-5 0.6
18-3 6.4E-10

IC 8.0E-10- 2.3E-5 1.2E-5 1.8E-5 0.9
ID 1.lE-7 3.8E4 2.2E4 3.E4 1.0 !

IE 9.E4 4.7E4 7.E4 0.9
:!!- 2.8E4 1.3E-5** 6.E4" 1.2E-5** 0.7-

!!!A 5.3E-9

.!!!D 1.3E4 -

IV 2.3E-7 5.E4 3.lE4 5.2E4 - 0.9
IV-1 6.E-7 3.9E-7 6.7E-7

IV-2,3,5 1.9E4 1.2E4 2.0E4

Total 7.0-E-7 8.E-5 4.E-5 7.E-5
,

All sites considered are enveloptrg sitas with respect to postulated seimic events.*

For Class !! seimic events, credit is given for containment venting by asstairq the**

failurt probability of venting to be 0.1. This reduces the Class !! seimic CDF by a
factor of tan.,
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19.5 DmC00CrICH 20 THE IDE 2/ILE 3 RIYHM

2he accident maer.lce went tree analysis, Ia*/mi 1, primarily detamines the
various cabinaticn of systen acticns to shut down the reactor, cool the care,
and prvvent its damage. The accident prl:nzissian event true analysis, inval
2, potatially involving a cars melt, vassal breach, and omtainment
challerrje, determines the v&rious cabinatics 3 of actims and systans that
antar into the determinatics) of the containment failure prdaability and mourre
tars rmleanas.

E's Inval 2 analysis began with the devalcpannt of a contafmant event true
for en& of the acciM maquence classes ard subclasmas frun ths 1sval 1
aralysis. Widmt progression pathways throu@t each ccr wars detarmined
alcog with their frequency ard fissien prtxhact ruleases. The numrous
pathways were cxrloolidated by groaping their cutcomes according to the various
factors, sucts as the mitigating syst.u.s involved in the events (i.e. passive
floodor, firewetar sprays systam), the mechanim of the release to the
envi w d. (i.e. normal leakage, leakage penetratims), the magnitude
of the release (low, medium, high), and the of the rulease, into groups
of source tarms. Groups that had negligible fr=quencies wars crmbined with
other similar groups, instand c.f being discarded, to account for the entire
cars rimmage fregoency. Ftr eacn group, ocuren terms were caloalated with the
MAAP o2$e.

In GE's Isvtd i analysis, of.'-sitm consequences were calculated with the CRAC2
code.- Cmmagoanoes ware determined at five sitae, each representing a
geograptio rugical of the U.S.- the results of the five sets of consequence
calculatims were averaged ard then otsp. rad to varicus safety goals.

E's risk integration approach was to quantify the TTs with point estimates
Wtich were multiplied together to detarmine the frequency of each scuros term

, grtup. Averaged cmsegoenons for each such group were multiplied by the
fregaancies of the groups ard summed to determine a point est.imate of risk.

The staff's approat was diffarunt. At mech stage of the analytical process
(with the exception of off-site conseganoes), uncertainties in a few key
par-etars were estimated ard ccabined to estimata the uncertainty in the risk
est !.natas. 'Ibene ini!' dual uneartainty estimatas are described in the-

sectico cn ocritainamit parfor1naron (Section 19.6) ard source terms (Section
19.7) ard ocupared to GE's rule'; ant point estimatas. Fdr the risk integration
(Section 19.9), an approach siJL'lar to that used in the NUREG-1150 stufy
(Reference 19.62) was used. *

GE's PRA is haamd on infonratic 1 as of Amendment 8. Interacticris between the
NRC staff ard GE have resultad ,'n design nodificaticns di'imsuuwi in subsequent
Esirs.iets of the SSAR; however, the 19A was not appwiately updatal.

- Specifically, the following feat tres are to be added to the AIER 1:ut ret
Arcluded in GE's ISA:

19-96
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o strergthened drywall hand se ti.mt the ultimte strengt.5 is incruased
frtan 100 psig to 134 psig.

Iowar drywell wall and floor ocagx:sition of bar41 tic concreta, instando
of limestane ocncerta.

Bis analyses serving as the basis for the NRC staff's ruvint were done at the '

Etockhaven National !aboratory ard adepted by the NRC staff. These analyses
e based on Amanhent 8 of E SSA:1 (Rafarunas 19.63) and included ;

information frta the ICRID-1150 study (Reference 19.62); the finiings are .!
dintuma=4 in grustar detail.than appear hart in "A ArviaW of the Advanced
Boiling Water haector Probabilistic Rink Assessment, Vol. 28 Intamal ard
ExterTal Events, Oczitainrent, and offdita 0:neecpanos Analysis," Becokhaven
Heticnal Imboratory, dated 1991' (Rafarunos 19.64). In ackiiticn, the staff's
zwview was diamamed with swersi staff ==*=rs of Sardia Noticral
Imbotstaries to pezticipated in the armlyses of the NURm-1150 study
(Rafarunas 19.62).

>

s
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19.6 CCIIIADEDfr PERFER9NG

6.1 Intr %rtim

'Ihe rwied o' the AIMR catainment perforrece W414=4 several types of
calculatieru. | cochastic acamainst of the overall perfomance was
done in the c::ntainnsnt event tree analysis. Detaministic assessmare.s
were done with ths MEUIR (Beforence 19.65) arti the S'ICP
(Beforence 19.66) codes.

6.2 Methods Dir - irm

A rwview of the AIMR cr is rumanary to evaluata the robustness of E's
assessment of hocident sapence swi ssion charactaristics followinct
the cnset of core damage and to waluata the naturi and the frequenci .d
the thtuats to the cmtairnant and sou:ce tarm rulmaaan. 'Ihe objectitw
of rwievirrJ the GT then are to assess the rmaarnable ms of the CP,
assess the significanoe of AIMR features and operator acticns to cr

'

results, and assess 2's ocmclusions based an the curema of the cr
analysis. 'Ihe analysis and the twiew are rhr ribed, the findings aru
presented, and inplications ard relaticnehips are r!4--4 'Ihe parts
of the cr that veu reviewei are the general awroach, the structure of
the Trs, the data, and the assunptions.

'Iha cr should reprocent a logical ard consistant way to a=wtain the
various accident pregressicn sequences. 'Daru are fcur ==es to this,
namely, charactarizing accident progressions, determining t.%
relaticnship between severs accident phoncnena, quantifying the
pcebability of accident progression groups, ard quantifying source
terms.

In the Inval 1 porticrt of the PRA, icth 2 and the staff estimated the ",

i
m damage frequencies (Cur) based en severn1 assunptions regardity the
availability of the gas turbina generator ard the fire water system.
Amerg the possible ocabination of assunptions, E selected the case
Wire only the gas turbine generator is a===wi available, ret the
firewater systam. In the staff's base case, both the gas turbine*

9enerator ard the firewater system were assumed wallable. 'Ihm
significanos of this is div.aaed in Section 19.6.4.1. Here, it
suffices to say that the assunptions influence the contributicm of,

varicus types of Wriarit sequences ard the output of the CETs.

6.2.1 2 Analysis

'Ihm results of the Invel 1 portien of the PRA are grnpari into
similar otem, called accident classas or plant ch=ga states
. (PDSa), that describe the ocnditicn of the plare at ths eneet of
core riamage. In 2's analysis, each R:S has a separata cr (all
of which have a similar structure), ard which includes recovery
acticns where aw w iate. Calculaticns frtra the MAAP code

.
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(Referarca 19.67), an irdustry code, were used as the basis for
devalcping ard analyzirg the CLTs.

WM to the CLTs in the NUREG-1150 stdy (Reference 19.62),
h thers are 125 questicris in the Grard Gulf analysis, the CLis
built by 2 are small and are W of a minimal nmber
(==11y nine) of nere general cpsticns definirs the brarx:h
points of the wi% pupassicrs. lest of the CE'It have nine
such gaesticra relatirq to the follcuirg armas of an ~4%
prograssion:

o %arusurizaticn of the RCS.

o Availmhility of crritalrment heat recval.

Cure melt arrest in the reactor v-1 as a result of raccueryo
of cne of the ECC systems.

o ceritalment failure at the time of vessel failure as a direct
and i=diate ocnsequence of vessel failure. -

o High tenperature failure of the contairnent as a result of
core debris in the upper drywell.

Prior to reachirg the ocntainment failure pressure, cura nelto
arrest in the lower drywell as a result of remverfrq an ECES
1Sxrticn or the adiiticn of firewater.

Quenching of the oco:n debris in the lower drywell by theo
passive ficoder systam.

Recovery of ocntainment heat removal prior to catalmento
failure.

o Ventirg.

'Ihe branch point probabilities of the c2. s were quantified withT
pc3nt estimates which in turn were unitiplied tz:gether to
datannine the likal_iW of the -M=1t sup__.;im.

E did ret analyza urzertairrty. In cmtrast, the NUREU-1150 study
(Reference 19.62), swtad probability distributiens throughout
the CEra to es*imate risk.

In additico, several phencrena were rx2 Irrltthi in m's CErs but
whidt the staff considered important in ocntairwnt performance.
Such phersucre include ine-al fuel /coolarrt interacticn, ar-
vessel fuel /coalant inteeden cere/u.md.e interacticris,
di::ect ccntahlment heatirg, ani drywell/wetwell suppressicn pool
bypass.
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6.2.2 Staff Arview

'Ibe staff's review ocmsistad of an audit calculaticn hacad en E's
CET. E's CET struchtre was nodified by making hirplifications
arr$ additions to the Tr. Mcxiifications to the C'ETs were as
follows:

o Cutcomes of the CETs were ocrisolidated into fewer, slightly
more general gru ps.

o hea_n questicris were eliminated, such as when certain
12w s a a or events always occur.

o Questions vert adddd cid a' fgW questions Were IBWoIfed to
account for missisq pherranana and events.

More iWant than undifying the structure was the staff's
attanpt to acx: aunt for, in an apprtncimata and preliminary way,
socie phencanana krown ret to have been taken into armntt in E's
CITs, such as direct ocritainment heating and ex-va==*1 fuel /
coolant interacticn.

'!he staff took into consideraticn some threats to the ocritainment
found in other studies, sucts as the NUREG-1150 study
(Referanon 13.62). Some ytna 4, such as hydiv.f=> ccabustien
and liner um.c-thrush, could be eliminated because the AER
ccultainnent is inertad and the AIHR reactor cavity is configured
to prvvent core debris impim .t, r-J.valy. Another pheno-
mena, design basis wident pc==rre load from a blowdown of the
23 actor coolant system followi29 a failure of the reactor vessel,
could be eliminated W== the staff a=ma==ad that the design -

mLnyth of the ocntainment (134 psig) is capable of withstanding
the peak pressure spika (40 to 50 psig) from this accident. 'IWo
pherswe that could not be dimnimmad were direct ocntainnent
heating and ex-vaaaml fuel / coolant interacticn. As described
below, the staff briefly treated these phoncinena differently than
other thenomena in detarmining the fracticnal cx:ntribLrticxis to the
accidarit rugassicn group fragtx wy.

'Ihe estimates of ccritairinent leads a=~ iated with dizact
contairmnent heating and ec-vessel fuel / coolant intAWan were
detarmined with a Mante Carlo ==T1479 sp-ttre. 'Ihe pressure
loads were cbtairsi as a distribution from the IURED-1150 analysis
(Reference 19.62) of the Grand Gulf plant, which has a similar
p:uer rating and drywell size as the AER. 'Ihe uncertainty in the
ANR ocotainment .L,dyth was estimated to be i 20 pei of the
mean ultimata ocntainment strercJth, based en the NURD3-1150 study
(Reference 19.62) and the staff's jvy-c. Both distributicris
were sarpled usirg IRS (Raf 19.67), a type of ?tnta Carlo
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sanplirg. 'Iho staff's calculaticns vers repeated with an
uncertainty in the centaiment .Lagth of 140 pait little
difference in the distributicn of accident progr;.asien grugs was
cbearved.

'!he staff independently estimated the distributicn of ek%t
s+=idimi groups usirg the staff's CETs ard aammpticns
reganiity the integrity of the ocntainment (intact er failed) ard
the status of the RHR system (available or unavailable) for each
class of accident sequences within the accident progressicn
pathways. 'Iha results of this detarminatico are shown in Figures
19.6-1 and 19.6-2; these are point estimates, which, except in the
treatment of direct cxntairment heatirq and ex-v===*1 fuel / coolant
interacticn, reflect the staff's ergineerirg p i - t of afroastnable selectir:n of irputs.

Sirplified point estimates of the effects of direct cantainment
heating ard ex-vessel fuel / coolant interactica vers determined by
samplirg the uncertainty in the pressure loading and i.he
cantalment strwgth fcq' timaa. Mwn the prissure Irmiing was
greater than the cataiment L-sh, the sanple was countad as a
failed Ocntairment ard vice Versa. 'Ihe point est1ESte of the
early centaimant failure probability was taken as the r==*wv of
failure trials divided by the total r==har of trials. '!he staff's
analysis indicated a cxntalment failure prcbability, carditimal
cn vessel breach, due to these mechanisne (after the otntainment
design modifications) of 0.11 for the high pressure vessel failure
case and 0.04 for the low pressure vessel failure came. '!hnee
point estimatas, W11ch wars factored into the staff's CETs,
replaced GE's probability values of 0.001 ard 0.0, r-g+2ively,
for contalment failure at the time of vaaani failure. 'Ibe
results should be understcod as providirg cnly a rough estimata of
the threat posed by direct ccntainment heating ard fuel / coolant
interaction to the integrity of the catairnent W the
staff's analysis is based in part en an analysis of another plant,
Grard Gulf.

In the ruview, the complancity of scue ptawde known from the
NUPE-ll50 study (Reference 19.62) to impait potantially
significant threats to the ocntalment precitded the staff frm
reaiily accountirg for than directly in the CE25. 'Ihese ptwwwd
include drywell/wetwell bypass, the effect of in-vessel
fuel / coolant intaraction cm in-va===1 care raccuery, invulse lcads
en the reactor pedestal and quasi-static loads on the drywell from
ex-vessel fuel / coolant interacticn, the effects of a cars /csw=M
intaracticn en the integrity of the reactor pedestal, and the
effect of venting cm the wM gearusicns. Ccnsidsraticn of
scue phenanana, such as drywell/wetwell bypass ard vent setpoint,
was interred but not directly factored into the stafr's car
analysis.
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It is urclear how the design diffanmons in total between the AIHR
ard Grand malf wenald nodify the ocritainment perfomanos predicted -

for Grand Gulf in the N. RID-1150 (Rafenmos 19.62). Pbr exe gle, |- the Grand Gulf plant has a standard stacephere in the.ocritainoant
witile the AIHL has an inertad stacophoral this would act to reduce
the preestre loads arising fma direct acritaineert. hostig, by
eliminatig the cocidaticryocubustien ocupenant of Em load. the
Grand malf plant has a larger watuall airspace ocupared to the
AIMt, idiicdt would affect the pressure loads as the drywall is
rapidly pressurized and the downecaers, -xing the drywall to
the watwell, are cleared.

_

Nevertheless, with these modificaticms and inferenoase the staff's
rwiew showed that the cutocess of the Tr appear to be strtzigly>

influenced by the probabilities of care melt arrest-in the reactor
vessel er in the containment and the availability of the met -
system. The staff's treatment of core.airment- failure was further '

resolved into quantions of hiW1 tamperature d.pMdcm of the -
upper drywall seals due to debris entering the gper drywall, and
early ocritalment failure due to rapid pressurizatim fremi direct
ocritalment heating and fuel /ocolant interaction. 9-M -a.ly
estimated was the fracticm of the CW resultig in a particular
grog of accident progression UW/8a

.

6.3 kW of the Methods

GE's' approedt to =wi=114 rig cert insent performance with GE's GTs is a
|7 roastmable'first attempt at examining the design ard trying to identify
y scume of the principal threats to cxmtairment integrity. The G2m
i : Auf an abbewiated description of how a core melt any be arrestad in'

the-reactor vessel cr. in the ccritairunent. Because the MhAP oede was
used to develop the 32s, .the GE GTs reflect ma==reitwis and views of
those idio developed the code. Scans of the -- - irwis and views have a

1signifiannt impact en the cutocume of the 3rs ard differ fma the views,-

!' of the staff.
l

. .

GE's GTs appear to be insufficient for delineating ard charactarizingu
|i -4da st progressicris, assessing the importance of severe -idaat
L phenansna,7 quantifying the 3.Mity of accident progressicri gregs,
L and quantifying source tanes. She small 3Ds usw for eacdt PDS differ
l' frtas the one large ar for all PIBs in the ERBF1150 study

-(Referenos 19.62). There are advantages and disadvantages to using the
- analler mDs,--i.e. =mm11- TDs are unre i +M1e than large GTs, but
interactions of various systems can be overlooked with the ==milar
trees.n 1he staff believes that maall TDs are only partially ammmenful
at identifying design weaknesses har=== important interactions between
. systems any be overlooked (see also Reference 19.63). L Iktt the raaber of -
questions ocuposing the _Grs is not the caly irdicatar of_ the adequacy_

;of the crs.-' sufficient delineation of the accident progressica also
requires i cr analysis having questicms that allow for sufficient
resoluticm (i.e. detail definitical or descripticm) of severe accident

E
'
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issues. 'Ihe cpesticris ocuposirxy E's CDs aru high level apostions,
lacking auch detail that would be rmry to acdel subtle
incaractions.

An example _of this lack of runoluticr> is at the pertion of 2's CLTs
pertaining to core malt arrest in the ruector vessel. E's questiczi

- asks mly if this occurs. A more detailed analysis would also factor in
the pensibility of in h fuel /ccolant intaraction. In-vessel
fuel /ocolant interacticri can altar the programmiert of an -% in two
ways; it can affect the capability to arrest the ocre malt; it can have
the transient effect of ocnverting a low preneurs sequenas into a high
pressure sequenos.

'Ihm follcwing important design features of the ABWR any aske the
cmstructicr1 of the MTs less cxzplicated than CDs usunny fourni in
WAs for existing DIRs:.

'

Hy&v, . ocabustien and detcriation in the ocritainment need not be-- o

arda11m1 because the ocritairment is inattai.

Direct attack of care debris on the steel shall of the contairunento
-is aliminated by the design.

Bassent failure _is precluded by_ having a thick (5.5 asters)o
bassent. '!he staff has evaluated the phencansna of concrete
erosion das to caritan attack and, within the current cxzputaticral
capabilities, determined that the thick ha====t wcatld hta
the =WM ocritan psMicri (1.0 aster).

Mcwever, the design features of.the ABR do not by tbamanives justify a
simple Tr. 'Ihe purpose of the GP is to annattain and evaluata subtle
interacticris ascrug the features.

Scan important 94-^- -e relevant to oczitainment response are missing
frun 2's GTs, mainly har== of deliberata endmaions based en .

.

engineering judgeant. Iarger Mrs would addreas a more OWwelve
set of possible ou+emma before judging idtich cuemnam are mest
inportant to risk. Examples of potentially important p6h not
addressed in E's Mrs are as folicas:-

GE did not address-the effects of M fual/Wo

interacticri cri the in-vessel arrest of a core amit.-

o - GE oczisidere that a presare pulse frca direct ocntainment heating -
is unlikely to d==fa the cxxitairment and assigns a low
conditional probability of ocritainment failure by this mechanian.

~ 'Ihe staff ocreidere it an treatain 94-- wi idlich can
potentially threatan the integrity of the ocntairunen;.a,

i~
2 ocaisiders that an ex-vamaal staan explositzt due to ao

fuel /ocolant interaction sifficient to threaten the crritairment is
19-103
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pacluded by tag =rature/- crrriiticon and energy transf rs :
due to debris particle size (Secticm 19E.2..') of Referanos 19.63) .

,

2e NUREre1150 study (Raference 19.62) allows for the pessibility
of rapid rtase generaticm das to a fuel / coolant intaraction 1.ttim
potent ally &allanymo ecmtairment integrity; the staff believes |that this positi m is_ applicable to the AEWR. '

,

2 considers the effects of bypass areas between the drywell ando
the wetwell &as to rel lankage and/or stuck open vectaan .
breakers to be precluded cm the basis of low frequency and risk. ,

;

2e staff believes'that ocntalment threats das to drywell/watuall
bypass events need to be unge fully addreened,

o E did'not consider that the integrity of the pedestal well is
threataned by an ecmenal steen ilanim. 21s threat was
ocmsidered in the N. REG-1150 study (Reference 19.62);: the staff
believes that this position is applicable to the AEHR.

o 2 considers the integrity of the pedestal well is not threataned
once' care debris in the lower drywell-is covered by water.
However, calculations with MEIRR (Reference 19.65) and the SICP '

-(Referanos 19.66) indicats that a core /concreta interaction could -
'

ocotime to degrade the pedestal well, even yden the debris is
covered by water. . 2 1s leaves open the possibility that
core 1Lirusent - .~.i.icms would be desaged, should the Ices of they
pedestal integrity allow the reactor veneel to tilt. mis

,

MhAP/MEIRR ocuparison is the subject of study in an cmgoing code -
ocuparison being dens _ by the staff. -

,

.

o E believes that the weakest point of the ccataiment is the head
. of the upper drywells(Mim 19.3.2.5 of Reference 19.9). It is
thoucAt that the principal failure unde is structural? failure of

-_ the drywell head das to overpreneurization. Another possible
failure mode accounted by 3 is.high temperature degradation of
the seals. However, other.loonticms of a structural failure are

y ==ihle, though perhaps less likely.

Because these phencuene _are missing or are mir'i=4'=d in the GTe ~and
there is no analysis of uncertainty within the cantact of the ch,- the,

abbreviated E Tr analysis is cxmsidered to be incompleta.-

6.4 TT Resulta
p

--6.4.1. Presentation of CET Resulta'frtaa the E PRA-,

and the staff Review

sequences ocairs; cut of the gds. ware grouped to show the fractice
of the corr 11tional prhility, given core damage, of ~v-idmt
progression groups giving rise to the ===*d ccntaimare
respense. Figures 19.6-1 and 19.6-2 show the fractional - -

'
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cLntributien of the core dwwye frequency gatps for intumi
overits (GE's results are presented with arithmetic errors
uu.4=;ted) ard for seismic events, respectively. Both the E ard
the staff's estimates of the frequercy of the accident ywAussion
groups and the associated centalment respenses are shcun. Table
19.6-1 describes the grtups in detail. 'Ihm alpabetical namirg of
the groups links the table with the figures.

Differences netween the staff's ard GE's results frten the
crxitaiment event tree analyses arise hw- of various
maamptions made in performirq the calculaticos. 'Ibese
assunpticns include the followirgt

o 'Ihe staff took credit in both the Inval 1 and the Imval 2
analysis for a e apability to inject firewater into the rector
vessel to prevent core darage whereas E took crwilt cnly in
the Inval 2 analysis (dieW latar in this secticn).

o 'Ihe staff attempted to -wit for uncertainty in therranana
potentially threatenirq to ocreh integrity whereas GE
did not account for such uncertainty (dieead in Sa.ticn -
19.6.3).

o GE's IM was bwi cn the design up throtqh AIMu-d.r.ad. 8 of
GE's SSAR (Reference 19.9), i.e. an ultimata octr h

, =L=9th of 100 psig ard limestene concreta fomirg the icwer
drywall, Miile the staff's analysis included the design
charges menticned in a letter from P. W. Mariott, General
Electric Ceation, to C. L. Miller, NRC, dated August 9,
1990, regardity response to NRC/GE May 16 - 17, 1990 Meetirq
Diem =irg Topics (Reference 19.69), i.e ultinate ocntainment
.L=@ of 134 peig ard Maaltic cancreta forming the lomar
drywell,

o For aa4a=4c events the major analytical difference is the
wimic bazard curves (annual prtbability of -Airg a
specified peak ground acceleration). GE used a aaienic hazard
curve devalcped as the bounding curve of a few selectai plant
sitas. 'Iha staff's analysis was based on three sitas haviry
the highest seinic hazard in the eastern and central U.S. ~
(Pilgrim, Seabrook, and Watts Bar), and used two seismic
hazard curves, cne developed by Iawrence Livarmnre National
Laboratory (LINL) ard the other developed by the Electric
Power Researth instituta (EERI). 'Ihe IINL hazard curves
generally provide a nx:h higher core damage frequency than
either the GE or the EIRI curves, while the later two curves
give rise to core damage frtquencies of about the same
magnitLde. Ikwever, the uncertainty rarges of the IDE curve
are large ard enccmpass the other two curves.
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In Figurt 19.6-2, the frequercf of wWnt psWauscion gIUups of-

the staff's aralysis is the r,esult of using the Pilgrim site with
its IINL hazard curve, selected because this gives the highest
core riamvye frequerrf of the staff's six seismic analyses.

'Iha followiry points can be made fran Figures 19.6-1 ard 19.6-2:

o Groups (A), (B), ard (H) rgresent the sequerces idlich do rot
result in containment failuru or vent actuatial. In these
sequenons, the core malt is arrestad either in the reactor
vessel (Group (B)) or in the lower drywell (Groups (A) ard
(H)) since the ctritaiment cooling functial (RHR systam) is
recovered before the cantalment pressure reaches the vant
actuatial pressure. Gruup (A), idhich appears in the staff's
analysis, is essentially similar to Gra@ (H), tahich cx11y
appears in the E analysis, the difference arising fran
assunptions about drywall /wetwall bypass (Sectial 19.6.4.2.1)
ard pedestal integrity (Secticra 19.6.4.2.3 and 19.6.4.2.4).

o Groups (C) ard (G) are similar to Groups (A), (B), ard (H) in
that there is steamirn, either in the reactor vessel cr the
icwer drywell; the differerce is that in the formec , the
cr.zitaiment ecolirg functicn of the RHR system is unavailable
leading to a rise in cxxitaiment pressure resultiry in vent
actuaticn or contaiment failure.

o Groups (D), (I), and (F) reprsaant early ccntairunent failures.
Group (F) appears cnly in the staff's analysis bocause it
represerc.s direct cantaiment heating. E does rot censider
diIset etntainment heatirq to be a croiihla pherce-ut (see-

Sectica) 19.6.3) .

In the staff's analysis, a Group (c) situaticzi does not arise
because of aumptiens regardity the availability of varicus
agii - nt. 'Ihe staff credited the firewater adiition system for!
preventirq care damage in Level 1. If cors ^=mvya cocurs (Level
2), then the firewater systma could not have been available to
prevent core damage, hence, it unlikely to be available to arrest
a core melt in the Inactor vessel. Ibsver, later in the wN
p%&-esien, the staff took crudit for arresting an ex-p1 car.
malt p%5.ssion because there is untu time available to rutore
the firewater systa than for the in-vessel situation. In
contrast, E mic'laticns did rot taka credit in the Inval 1
partion of the WA to prevent core damage using the firewater
system, but they take credit in the Level 2 porticn to arrest core .

dacogo in the reactor v-1 usirg the firewater system.

'Ihe treatment of A'IW3 sequences (claan IV) in E's internal events
analysis differs from thu treatment in E's seismic events
malysis. E considered the Class IV sequerce to result in an
early ccxttaiment failure in the internal events analysis ard as
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lata omtaimait failure in the setemic events analysis, me
staff's treatment of Class IV sequences for internal events is -

similar to E's mainmic events treataant of these sequences. As
above, this accounting has an effect m the results of the Tr
analysis.-

'Ib begin, the staff estinated the frequency of the class IV
wiriarits to be hic #ier than E's estimata. 'Ihe larger
frequency warrantad further study of the progressim of these
arv-irtarits.

'Ihm staff renamed that the class IV -iri= sts are prianrily
caused by a failure of reactivity acritrol due to failure of
adding berm, or nushing or duuting borm =+ y,i to
scram failure. ''Ihis implies that the lower plersan of the
reactor venaal is fined with water. As the core malt
progresses, the heat generation _is eventuany reduced to_the
decay hast level, ard since the lower plerum is fined with
water, the core debris is ocwered with water, anowing for the
potential to arrest the care malt progressim in the reactor
vemeal.- amt an ~4% sequenom would be grouped-in Group B
of Table 19.6-l'and Figures 19.6-1 and 19.6-2.

E trentaant was agarantly done har== the fregaancy of the
Class IV -4rianits is amm11, less than 2 paroent in E's

'

internal events analysis. .'Ihus, they were ocnearvatively
grouped with other sequenons idlicts resultad in the largest
release of fissicn predacts (early ocntaimarit failure).-
However, since its frequency in the maismic events was
significantly higher, 60 %,i, E performed a acre thorough
analysis, where most of the sequences resultad in lata
ccritaiment fcilure.

According to E,' water in the lower plenum of the reactor
vessel does not necessarily quencf1 core debris, hence, the
ocas debris can eventunny fail 1the batta head katicris.i
Once the vessel fails, the water.in the lower plerne flows-

into the lower drywall along with watar frtai actuaticn of the
-

possive ficadar systan.- 'Ihm core debris steams in the lower
drywell.:: Sinoa the availmhility of the RHR system in thans
sequences-is high, most of these -4ri= its would not result in
ocntainment failure. 'Ihese -iria its are classified as
Gru p:(A) of Table 19.6-1 and Figures 19.6-1 and 19.6-2.-

In the presentatim of E's results for internal and external
events and the staff's PRA res>1ts for internal events, the effect
of cmtroned venting m the ocnditimal ccritaiment failure-
prttability (CCFP) .is not specifically addr**=1 Until this
charge is made, the staff's zeaults (for external events only,

. since this is the only place the OPS was credited) win shi:w
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containment failure whenever the evenressure prteim system is
actuated within the first twenty four hours.

Given the hamwiticris notad in the Group (A) descripticn of Figure
19.6-1 and the above definiticn of ocntalment failure, the point
estimata of the t:rtal otruiiticral cantainment failure prr*=hility
(CCFP) fcr internal events is 16 [=c.ad., in the staff's analysis
and 12 i= = d. in the GE analysis (i.e. Grotps (C), (D), (E), and
(G) in Figure 19.6-1); the difference is mainly diae to the
mnsidersticn of direct ocntairmant heating in the former
analysis. 'Ihe ocnditional ccntainment failure probability for
early failures in the internal events analysis is predicted to be

j 13 penarit by the staff ard 3 percent by GE (Grotps (D), (E), and
(F) in figure 19.6-1). Ibr sxternal events, the point estimata of,

the Y.otal canditicnal cataiment failure prr+=hility is 78
percent in the staff's analysis ard 82 p=4=a. in GE's analysis.
'Ihe higher cmditional failure probabilities in the amiamir events
analysis tv.lative to t% intarnal events analys3s are largely due
to the assumpticn in both the GE and staff analyses that the less

I of power is non-recoverable after a amia=in event. Note that the
GE values reportad above irwspate hamtions to a rud:er of
arithmetic and logic errors identified through the staff's review.
Hence, these values differ from the (u a.u.sh) GE point
estinates presented in Table 19.9-1.

.

(

l

.
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Table 19.6-1 (cmtituad)

Accickmt
Progressien
Group in Figuru
19.6-1 and
Picure 19.6-2 Descripticn of Acciderrt Pru.ut=ssicn Grours

enough to rulleve the pressurizaticn. Shculd the ccredment
ccatinue to pressurize, the ovem assure protecticn systs
would actuata

E Sequarces result in care ecoling being maintained,1:Ut
without the RHR system, the contalment pressurizes. A
failure to vent is assumed leading to cmtainment failure.
'Ihe debris from the daw czntaiment rHe.ahles tM systems
maintaining core ecoling. With the less of coolirg, core
damage rseults. Because the contalment fails prior to core
dange ard vessel failure, the contaiment failure is
considered an early failuru.

F Sequences result in a rapid pressuritaticn of the
contalment. 'Ihe pressurizaticn - frm the bicuicwn of
the reactor va==1, direct heating of the ocntainment atro-
sphere (decay heat ard exothermic dv=4m1 reacticos), ard
fuel / coolant irreden. In the staff's review, as in the
NLMr,-ll50 study (Refererce 19.62), a fuel / coolant intarac-
tien is not mdly a shock wave; it may be rapid pres-
surizaticn. 'Ibe pressure rise in the drywell is too
rapid for the d:ywell/wetall wais;: ting vonts (der rs e.3)
to clear. A structural failure of the ocntalment in thedrywell results.

G Sequences result in arrest of a cars malt in the 'Dentainment
whera the passive flocder syst.:n introduces water to querx:h
the core debris. Unlika in the Group (A) or Group (C)
sequence, tha RHR syst m is inoperable. Hence, the staamirg
frm the core debris heats the su;pressicn pool ard
pr==ntrizes the ocntalment. Eventually, the overpraantre
protmetion systs actuates. NOTE: Ibr these sequences, early
acticn of the c%eumssure pcotecticn syste depends en the
extent of bypass ficw.

H Sequences result in arrest of a core melt in the cx:ntainmerf.
when the passive ficoder systs intrcduces water to quench
the core debris. "h RHR systs is recovered to Imove heat
delivered to the swasolcn pool as a result of the steamirg
frrn the core debris. 'Ihe etntainment does rcre prmmerize,
hence, it recains intact. IUTE: Ibr these eg nees, the
overpressure protecticn systs could be actuated early,
deperdirn cn the extent of bypass flew.
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Table.19.6-1 Description of Sequerce Groups in Figures 19.6-1 and
19.6-2.

Ja-4 r4=rrt
Fwwicm
Group in Figure
19.6-1 ard-
Ficure 19.6-2 h=- lttirm of kr i?_it n- --icm ben

A Sequenons result in an uncertain reopense to the ocntalment
-in the staff's analysis t.en tho' pensive ficoder system
intreduces votar to the aces debris. Althou@ the RHR system
is operable to remove heat delivered to the suppression pool
as a result of the stamning fztm of the core debris, .
otsitainment response is uncertain as a result of two factors.-

First, drywell/wetwell bypass flw any circumvent the
aqqressicn pool. Unless the wetwell sprays are ammally-
aligned and availahle, the ocmtalment will pressurize at a-

rate that depends on the anctant of the bypees flow (Figure
19.6-4), and vent actuation could occur. Also ocatributing-

to the uiWA in the cataiment respcmas is the
uncertainty in the integrity of the pedestal wall-due to
acre /ocrcreta intaracticm, even given tho cperaticn of the
passive ficoder system. Should the wall fail, the reactor
vessel would tilt and could damage i m.ticms. S e stamarperi
penetraticns cx:nstituta a ocatainment failure.

Sequences result in' arrest of.a core unit in the vessel byB-

the recovery of acne form of in vessel- cooling.t 2m RHR
system is' operable to remove decay heat frta the appressicm
pool. Se contaiment does not preneurize because of an
operable NR system. Hence, the containment teemine intact.

-C Sequenons result.in arrest of a ocas melt in the vessel by'-
the recovery of scan form of core cooling. Steaming fra the
core debris goes throu$ the SIMs and the W into

- the appressicn pool. Because of a failure to recover the
RHR system, the Eqpressica pool heats, allowing the
ccmtaiment to pressurias.. In a vented containment, the
cNurpressure pr**-+4-1 system would actuate. In this group
of sequenu, the overpressure protection systen is of no
ocneequence har-a the suppressicm pool is alerg the release
path, Mother or not the system is present.

D Sequences Insult in core debris being ejected out of the
reactor vessel' at high pressure. Scne of the debris settles
in the upper drywell and heats the penetraticm aaala ard

'

pressurizes.the ocntalment. men the tamparature reaches'

about 500 degrees F and the pressure is 52 psig, the maale
are maannmed to fail. Se leakage is' sufficient enough to
cxmstitute a contalment failure but may be insufficient.
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Containment Challenges & Responses - External Events
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[/ \/, (Letter) refers to Table 19.6-2 for detailed description.
I \ Z l . Percentages ar3 Iracilons of the total core damage f reQuency (CDF).

Bold gothic type Indicates the rate of pressurization.
Italic type Indicates causes of containment pressurlzation.

tm = late containment f ailure or venting.
M = early containsnent f ailure(relative to the time of vessel falture).
L 1= no containment f ailure.

i= grey area where the predicted outcome depends on drywell/welwell bypaas &s

pedesist integrity assumptions;
if thers is bypass. then late ( ' ) containment f ailure of venting.
18 the pedestsi f alls, then possibly late ( ggg ) f al'ure of containment penetrations.
18 there is no bypass and no riedostal f ailure.then no ( [- l) containment responso

Figure 19.6-2 GE's and the staff's creakdown of the conditional probability of accident progression groups
given core damage for seismic events.
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Containment Challenges & Responses - Internal Events
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K E Y., (Letter) refers to Table 19.6-11or detailed description. Percentages are fractions of the total core damage frequency (CDF).
Bold gotnic type Indicates the rate of pressurization
llatic type indicates causes of containment pressur0ation.
REEEllB a late co'itainment failure or venting.
M early containment f ailure(relative to tha time of vessel f ailure).
t__.__1- no containment f alture.

i= grey area where the predicted outcome dependson drywell/wetwell bypass ai

pedestal integrity assumptions:
If there is bypass, then late ( } containment f ailure or venting...

If the pedestal f alls, then possibly late ( M ) f alture of containment penetrations.
If there is no bypass and no pedestal f ailure, then no ( 17) containment response

Figure 19.6-1 GE's and the staff's breakdown of the conditional probability of accident progressten groups
.

given core damage for internal events.
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6.4.2 Diam ==icn of the CET Results

In ligh3 of the icw core tisage frvqmrcies comirg into the CLT,
e.g.10' / year (internal events), there are two positicns that can
be taken with respect to reviewirq the CETs ard the m%=1t
plant risk. 'Ibe first positicn is that the very low frequercies
are believable, which recoves any ecocarn cuer contairunant
performance and plant risk. Fbr exanple, the ocntaimant could be
-L,oed as of little benefit aires the two NRC Quantitatly
Health Cbjectives, irdividual early fatality risk of < 5x10' /yr

#ard irdividual latant cancer fatality risk of 5 2x10 /yr are net,
even without the centainment. 'Ibe sacud positicn is that even
with such Icw frequencies, the CETs take cm importarco in the
centext of balarcirg praNention ard mitigaticn as vall as
maintainirg defense-in-depth. 'Ibe balance of preventien ard
mitigation is achieve:1 in part throtqh the NRC's canditicnal
ocotalment failure probability goal of 0.10. It is in regard to
this lattar positicn that the staff puzuwd its CET evaluaticn and
as such have identified =_WJ of the ALER design that have a
major influence en the CLT results. Each of these factors is
A4 m W in turn.

6.4.2.1 Drywell/Wetwell Dypass

A oartain amount of drywell-to-wetwall leakage is a11 cued
for in BWR suppressicn containment as stated in NRC's
Standard Review Plan. In its detarministic analysis, E
addraaaai certain aM3 of this drywell/wetwell bypass
(page 19E.2-20 of E 's SSAR (Reference 19.9)). E's results
supported to further consideraticn of sW=ssicn pool
bypass flow effects in the CETs based cn Icw estimated
trnquencies and risk. ~

A11 cued bypass areas (A/K8#) ja a plant's technical s
cations have historically been set at 0.10 of the y' pifi-
aammai in the contalment IBA. Sirce a large A/k
prwides for a robust aantalment p.m design but an
increased plant risk dum to suppressicu pool bypass, the
nov to all of the inplications of a range of
possible values were considered in the staff
evaluation.

In E's SSAR (Rafarence 19.9), potential bypass paths ,

between the drywell ard the wetwell are identified ard
dian maai. Inclu$ed ancrg those were the eight 20-inch
diamater vacuum bh. (Table 19E.2-1 of Deference 19.9)
designed to prevent a negative drywell prmes (relative to
the wetwell) frun ocx:urrirg follewirq a design basis reacter
coolant pipe rupture. As reted ab:ne, E did rot irclude
any cmsideration of bypass effects in its CETs; bcwever,
since there is an alleuance for such leakage bypass ficw,
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the staff thaupit it prudent to investigata this potential
-

petblem affectirq ocatairment integrity. 21s investi cm
was activated-in part by operating experience at an
BGt with a Mark III ocatainment that has shown bypass f1cus
ranging fma soo to 2500 cfa, neich are aansiderably greater
than the design value for the ANGt. Calculatisms were

,

perfamad (Figure 19.6-4) to investigata'the effect of-

increased ANGL bypass leakage cm r'ak. Results of tnese
emiculations indicate that this metter warrants further
investigation.

Althcmagh' an assessed high bypass Sw increases the
,

rebustness of the ocmemirment vis-e-vis the design basis
calculation, it apears to have the following negative
effects on risk:

1. Potantially increases the ramber of sequences where
- the overpressure prt**4m systan is-actuated by
rechacing the time availahla for p5t recovery.

2. potentially incrammes the ascunt of radioactive
releinse to the envircruent h= the bypass ficw
would not be scrubbed by the mappressim pool.

3. Re& aces the time availahle for fission pro &act decay,
aernmal esttling, and evacuatim.'

,

4. Places additicmal reliance on operator actica to
amma==Nily initiate ocatairment spray. Currently,
these sprays are manually operated-(Mim 19D.6.3.3
of Reference 19.5).

5. Places additicmal reliance on the firewatar addition
syste and en the capability to cu1nact a fJze truck
to the systa than _the 25t system is unavailmhla,-

Figure 19.6-3 is-a octassatic diagram shcWing features
of the A55t ocntairment relevant to drywell/watsell
bypens. Figure 19.6-4-illustrates the bypass imeus by
showing the ccatalsment preneurs as a functice of time
for various bypees ficw rates in the A55t. -Sa' figure
was generated with equations that yield caly a first-
w -imaticm to the expected pressures and suppests
that bypass flaw ratas aust not be allemaari to expand
those values that could w h the integrity of;
the containment system,'i.e., early vent actuaticm

: followed by frequent maraani apening ne.

relationship betuosm flaw rata and shown in
Figure.19.64 was obtained free data armi analysis ',

performed in the NUREG-1150 study of the Grand Gulf,

plant -(Raferenom 19.62) . Figure 19.6-4 is hasari en
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simple hand calculations usiry the ideal gas equatien
and the volumes of the dqvell and the wetwall of the
AIMR.

Da staff has conclu$sd that Gr: abauld provide a
%di.r.ive am of the risks associated with
dowell-tm thTass leakage. sucts an asssaament
should include coupleta ocrisidention to such asttars

as (p*)the basis to suscet an allcwed leakage area(A/K , and.(2) the basis to suppcet an expected
1==_W azma during the course of a severe ~4%
h the vacuum bruaxers would be required to perfccm
several times in a severe envircruent. Diis is an
outstanding it a.

-

-
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Figure 19.6-3 Schematic diagram of the ABWR containment
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6.4.2.2 Overprassure Protecticn Systen (OPS)
.

A corttairnent overpressure protectica1 systan was not
ircluded in the original AIMR design, but was aMad to the
design in Amendmarit 8. E modified their contairment evertt
trees to include the CPS, but in hamaline calculations
assigned a failure pWhility of 1.0 for the systam,
thereby taking no credit (or penalty) for venting. '!he bulk
of the staff's analysis ruperted herein wars already
coupleted by the time of the OPS scxiilication and do not
account for the affect of the OPS on ocritainment performarce
and risk. Although the effect of the venting was addressed
in a runhar of additional staff calculaticns, as diam--M
below, to attanpt was made to 11rvise the earlier analyses to
address the effects of the venting systam.

'Ihe pzzposed overprussura protecticri systen (OPS) for the
ABWR lar : la a significant departure from prwicus INR
design submittals in that the design autenatically activates
at a ocntairment preseurs above the design value setpoint
(currently 80 psig) by venting the wetwell to the
enviztr1 ment. on the basis of E 's analysis, this
containment pressure would be reached cnly in the event that
the RHR system was unavailable to remove deoey heat frca the
su p ression pool. 'Ibe system is intended to provide
protection against razu sequences whers ccritainment
integrity is challenged by omr .E.marization. '!he staff's

-review supports this view, however, the staff has the
following observations that wrrant consideraticri beform
acompting such a system:

1. '!he systen would be effective only in a pnali
percentage of intarnally initiated severs accidont
sequences.

2. Pressures mild develcp to actuate the system as a
result of drywell/watwell bypass flows in the absence
of the above mentioned spray operation.

3. Chaertainty otzisideraticns ecsplicate the pr=44r+4m
of how this systan would operate, i.e., datarnining
the proper setpoint for vent actuation, in view of
adverse effects.

Eads of these ccrioorns is discussed below:

(1) Frequency of Actuaticri

Table 19.6-2 shows a Isvel 2 perspe6~tive of the relative
importance of the OPS. '!he table was derived frun Fir;urus

'
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19.6-1 ard 19.6-2_ ard shows the fzequency of the accident
prtgression grtNps in tarns of the operation of the OPS. .

4* '!he table is a rtugh apprtacimaticri, with the other
considerations such as plant specific features,
drywell/wetwell bypass, and uncertainty aside. Several
points are sep msizas:

Internal events. Because of the high reliability of the RR
system, the OFS would actuata in only 3
wident progression grogs sequences. percent of theAccortiing to staff

- analysis, in about 1 %d. of the accident progression
sequences, the syste actuates uiE--:- ---d1y as a result of
pressure challenges that are sufficient to actusta the vent
but insufficient to fail the ctritainannt had the system not
been present.-

In 13 parcant of the accident progression group frequency, -

the drywell is predicted to fail due to rapid overpressure.
'!he CBS is not WM to have a significant effect for
these scenarios.

Seismic events. _ '!he CPS is actuatai in 71 Who. of the
-4&nt progression group frequency, largely due to
unavailability of the RR syste.

.

Overall, 'tran a risk i=wi.ive,- GE's analysis does not
appear to make a strmg caos for needing an autamatic OPS,
at least for internal events. '!he overall intant is to -
provide a "last-ditch" mitigation _ effort for rare -idants. -

.

Ptr animir events the relative-importance of this systen
appears greater, due to the unavailmhility of the RR
systas.

In the staff's. view,- GE should 'pttvide a ocsprehensive.
dotarminaticm of the pcsitive and negative risks anacciatai

' with the operatica) of the ops. Such a _ determination would.

involve a thorougn censideattien of plant specific design
features and a coupling of both the Inval 1 and the Imvel 2 -

'

analyses, first with the cwr - n protactics) system andc-

than without the systen. 'Ihe 4 1r aticri should answer
the following P4r=m:-

1. How does the overpressure protection systaa reduce the -
cars awaga frequency, and eventually, the containment
failure frequency?

2. - . Given core damage, how are the ocurce terms affectad?

'Ihis is an cutstanding iten.
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'lable 19.6-2 'Its Staff's Ventirq Outomo Fregxsx:les for Internal and Selsnaic Events.
2

| Venting'* Staff's GF 1
outcme Inn seis, omditicos Consemences'

successful 3% 71% 'Ihe prmmrization rate is slow Ibutes releases fma the j

venting when and without the HR systes and drywll tlurugh the

venting is contairument sprays. sgpression pool.
necessary

Stxressful is 1% Cbntainment pressure beccanes high ikuwwaaary release thrush

ventirg when enough to open the vent but would the sqpressicn pool.
venting is not have been high enough to fall

the containment if the vent hadun w ary
not opened because of MR systen
recovery before containment

- failure.

Ibtertlally to 13% 7% "Ihe dument (drywell) Unscrutbed release through

lapact of pressurizes rapidly dae to the drywell failure, i

ventiry . enertretic event such as DOI, and assuntirq that the vent is |

approaches or aw=da its ineffective in pceventirn
'

ulthmate pressure capacity. Vmt overpressure.
actuaticm may or may not occur
&pending on rate of drywell
pressurization arri pool dynanim.
'Ihe vent is not expected to be

etfective in these socnarios.

Insignificant 83% 21% operable M m systan. None.

Pressure
challenge to

,

'

the contaltunent
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' 1. Values'g amd mummma no sigrtifiant wetwell/drywell bypass flow. Signifi a nt bypees, if'It were to
me, would result.in an irrs===ad frerperry of ventirq (rows l' ard 2 In Table) and a mamuding
h in rs . a. moenarios .(ruw 4 in Table).
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(2) Drywell/Wrtwall Bypass
,

2e effectiveness of the vent can be severely %#i==4'

'

unless drywall /wstwall bypass-is coeWed. Because the '

setpoint of the vent actuaticm is lawar than the ultimata
-L- p.h of the ccritainment- (Figure 19.6-4), the
cworpressure protection systan any anrely open the
centsiment earlist than had it not been present. Pte acru
Mar ==icrs about t'rywell/wetwell bypeas, sea wir=1

~

19.6.4.2.1.

(3) Uncertainty

s's analysis in the vent systam actuatim pressure does not
adequately ocnsider uncertainties. mat is, if the vent
setpoint pressure is set at a particular value, a cla*==
that the OPS will aparata caly at that setpoint value. E
states (Pages 61-42 of Deference 19.70) that the vent
actuation prussure setpoint is based m the pressurization
from a IER loca ard 100 -Mi metal / water reactico as
specified in 10 CFR, Part 50.34(f). S e resulting IEE.
pressure of 75 psig ombined with a tolerance of 2 3 to 4
psi in the vent actuaticn pressure, therefers, appears to be

: the basis for the current twture disk setpoint of 80-psig;
no cxmsidatation of severe erMarits or uneartninty is.

evident. Se model of the syntasi in the CET is also
s4=ali*1c, ocnsisting of a brancti point where there is
either ocupleta -- (100 percent reliability) or-
cxmpleta failure of the vent actuation to occur.. E dcas
not take credit for any operation of the cuerprussure
protectim system in its sequence devehpnent, thereby
claiming that its HE is more ccmmarvative with this

|| treatment of the cuerpressure protecticri systa.

De staff censidered uncertainties 'in its tuview of the
'- overpressure protactica syntasi. :2e staff finds that a

ocnsidering uneartainty_ in the actual failure pressure of
| the containment 7skas a medal of the overpressure protaation:

systami ccuplicated. Figure 19.6-5 shows a acras
|; w %i ive view of the overpresar e protectim systan,

illustratirq inhaunt uiMMen,- for a micatL
'

pressurizaticm of the containment. S e overpressurn
protecticm systma is represented by a narrow distributicm' to -0

i- reflect the small ur.-i inty in the vent actuation. ma -
-

| staff infers a ==a11 uncertainty because the overpressure
,

protection systant is pr-ahly designed within the realm of
walliestablished and testad ergineering practices,-allowingn

l' - its respcnse to be reasonably and accurately _ ctaractarized. *

- 2e cantairmant structural response is represented by a wide
! distributien to reficct the laztye uncer*:aimy in its
iL 19-122
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response ab:ne the design pressure. Intuitively, the
failurs probability 4*4ataly ab:ne the design pressure is
low and increases as scme function of the pressuri. mis
distributico is a=M to peak at ocne ultimata containment
fanure pressura and decrease to zero accordirq to the best
urderstandirg of that particular o:ntairmant structure.

Settirq the werprussure protecticn syste above the
contalment design pressure allows for a possibility of
etntalment structural failure. 'Ihe lower tail of the
contalment failuru distributicn can be super 4W cn the
distributicn of the vwit actuaticn. 'Ihis anows for the
possibility, nlthough reacta, of a contalment failure
rather than vent geration. ctupetirq risks develep, where
either a vent actuation er a contalment failure ray rmm.
If the contaimanc is weaker than the setpoint of the vent,
then the crotaiment vin fail without the vent actuatirq.
oz1versely, if the ccntalment is strtrger than the vent
setpoint, then the vent will actuate.

,

(4) Sumary

'Ihm P''ff has qualitatively identified the foncwirq OPS
ated risks that are nce waalled by 2 in its PRA:ae

1. 'Ihere is a possibility of unr==q ventirn, where
the vent may actuata in r + se to a pressure
challenge that th* crxitainment could have m ----4 tad
had the vant not c.ien present. However, for such
events the releases should be sman (given that
suppression pcol bypass is not an issue) and the
design of the CPS would allcw the aparatar to marmany
isolate the vent.

2. In the event there is significant bypass between the
drywall ard the wetwell, the follcwirg can result:

(a) a potentially significant ircrease in the
frequency of actuating the ovem. prtR"+4 m
syste, a.-d

(b) nduced time to overpressuru protecticn systen
actuaticn ard fissicn product decay and aerosol
settlirq.

In its analysis, the staff has identified the trade-offs
assuming an anw,w4 tehavior of centalment structural
failure ard an initial atta:pt to quantify the effects cf
the bypass en the efficacy of the overpressure protecticn
systm. Rmi on the review, the staff believes that E
should justify the setpoint of the overpm. protecticn
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,

systam,-- takirg into account downside risks, ard carry cut
the pan ===ary analysis of the effects of drywall /wetwall '

bypass at risk before ccrclusicris can be reactied that the -
systaa has a not bensfit fran a risk perspective.

.

f.

6
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| Figure 19.6-5 Hypothetical distributions illustrating the uncertainty in the
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IeA.2.3 Passive T1ooder System t,

Tne prpore of the passive noodar systas is to intmsues i' water into the icwor drywan to quers:n the moltan debris and i
pmbace a safe and stable stata by forming a coolable debris !

had. If this debris had ocmfiguration can be achieved, the |
acre debris tamparatuts imuld be sum that the ocmcreta i

M oor and wmus would not be affected because nearly an of !

the doomy heat would be used to boil the wetar. In sa:h a ;

omfiguration, coveral challenges to the cormainment ;

integrity would be alininstadt ,'
*

o K'$ tanparature gness trtet autansive ocaWocmcrwta i

interaction, mim can oeuse a overpressure and
overtamparaturn failure of the containment.

.

o Mechanical and thermal degradation of the pedestal by
,

the acre debris, die oculd allcw the vessel to tilt
and desage ocntainment penetrations.

,

-

Mechanioni ard thernal degradation of the bassent byo
the oors debris (althcugh for the AENR design,-this
did rot agginar to be a serie:m threat das to the

<

thickness of the baasmet - 5 asters). |
>-

In earlier smandments of the 3 SEAR, the passive nooder
system was not a part of the lower drywell design. - The ANGL :

design anowed the cuts debris to erede the pedestal and,- in '
,

a's view, the erosian would be stopped then the
'

core /czmcreta intereotiem rested the drywell/wetwell
commotces imbedded in the pedestal wall; at that poitit, the
water from the aggressica pool would entar the lower
drywall and cpanch the core debris. The passive ficoder

i'system as subsequently added to the icwor drywall design in
Amendment a to the a saAR (Referunas 19.9). The system was !
designed to rapidly deliver. water to the moltan debris to

~ form a MMa debris _ had and kasp the pedestal degradation
to a minim a.

i

s's scenario for the passive flooder system operation
assumes that tycm vessel breed,--- the oors debris enters the
lower drywan and is uniformly distributed on the lower
drywen noce. the doomy heat and heat fmn cacidatica
remoticre agts the fusible plug actuating the passive'
ficoder systa.t. In about 15 mis tas,-the tan 4-inch

4

diameter flouder parts fill the lower drywell-with waterL
H

tma the agg:esasica pool. _ Minimal cors/concrets ;
,

interaction as predicted by the MAAP_ oods will ccour due to
;rapid quenching of the moltan core debris. An each ~

i foal / coolant' interaction due to a rapid energy transfer fmn
the c>bris entaring water in the lower drywell is precluded

19-126
f

l: _ _

. _ , ,, L ..-~_. _ _ ., . _ _.~ . - - - _ _ . ~ . . . _ , _ , . _ _ , - . . _ . , _ . . . - .-



- . _ _ . . . .

.
.

by pressure /ta:perature regirms ard the debris particle size
(Secticri 19E.2.3.1 of Raferurce 19.9) . Steamirs frun the
core decris passes to the upper drywall, thrurJh the
drywall /wstwell can.iectors ard into the suporessicn pool.
1he heet delivered to the surpressicn paol is rejected to
the errtim 4. throtgh the MR systan. Shculd the Mm
systen be uravailable, the surpassicn pool would beatne
naturatad, upcri Wicts tium the contairnent would pr====trize
and everitually actuata the cuerpresoun protection systan.

Focusing for the ament on 2'aMay of the passive flooder
operatico, tears core debris entar the 1cuer drywell ard the
passive flotdar systme actuates to cool the debris, the
folicwirg statanents can be medes

1. The corn /w ua interacticri would be mininal ard
pcwvant pedestal failure, thus, avoidirg the risks of
ocritaiment failuru irrhv *4 by the reactor vessel
tiltirg ard damagirg acritairment penetraticne.

2. Radioactive release fran the care debris in the 1 cur
drywall have to pass through ard be scr*=d by the
f1mier water overlyirg the curium ard the suppressicn
pool. )CIE: Radioactive releases fram core debris
ejected cut of the Icuar drywall (i.e. dinct
cxritalment heatirg) ard releases frun debris.

runninirg in the ranctor vessel would rot be scrubbed
by the water frae the passive ficoder systan.

3. Ambient tw@eraturis in the drywall are significantly
rartrari, thus protactirg the operability of v4==it
and structures.

4. Reliance is placed on the MR systan to reject heat to
the envirument as a ocosequence of the staamirg frun
the cara debris par-ing into the suppassion pool. GE
believes that the thrve-train ME systan adequately
addresses this concern.

5. Reliance is placed on ot2mr means of prnssure
stqpressicn when the MR systan is umvailhble. GC
n11es cm its narnall
address this cornern,y cperated firwwatar systan to

licwver, the staff's view of the passive ficoder systan
operaticn differs in same respects frun GE's views

!

1. MEIftR calculaticns and Mhr calculaticns di-M
i in lettar report titled, Grects of Debris Depth,'

Debris Ctmposition, ard Debris Powar cn the Limits of
Ccolability," frt:s E. R. Octus, Sardia National|

1
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Iaborstaries, to C. Tirkler, U.S. Nuclear Regalatory :

omonissicri, Mardt 13,1990 (Rafarunos 19.71), initcata
|significantAy more omcreta degradatim of the pedes- ;

tal well than that ped i W by the M M P ocde, svun i

after cgeraticas of the passive flooder. Omtirmand
core otzicesta interactions would increase the poten- -

,

tial for pedestal ~ failure would ts aruh s the syst a 's
'

a i :active for pr eAng the lower drywell ficar and-

2. M14Est e' niculations done in snapport of the staff's !
rwiew suggest a possibility of the passive flooder |systan actuating before significant amounts of the 1

czus dekris entar the Icwor drywall. 1his leads to a
possibility of a subsegaent fuel / coolant interactimt
and rapid pressurization, potentially causing an early I

curstairment failure. She pr 6 mtar pool', !

oorwerealy, oculd inormene the likelihood that debris
would be spannched gen entry into the pool and form a
< = 1ahle debris bed. (Rafarances 19.62, 19.72, and, -|

,

19.73).

3. Euperiments dhwe====d in a paper by B. W. Berman, et
- al., "Recent Internadiata Scale Experiments on Fuel-
Chlolant Interacticris in an Open Gemastry (EXD-FITS),"
dated February 1986 (Refer 4nce 19.74),. auggest that -i

the possibility of a fuel / coolant intaroc.hcri and :

. rapid pe==surisat.ica also escists een water is poured >

anto core debris in the lower drywell, as daring the
intended cqueretion of the possive flooder syste. *

It should be noted that an effective flooder systen is
rianammary to maintain safe temperatures within the lower
drywell above the core debris'following a esvere accident.

' ,

In this regard, the staff believes that GB should further >

essmeine this aspect of the design. Such an esseninetionL -

should otzisider whether to introduce water into the icwor
*

drywell=in a controlled or uncontrolled menner, how fast to'

introduon the water and een to introduce the water. 1his
is an cutstanding itsen.

- 6.4.2.4 Inwer Drywell Titicro.

She-artsian of the pedestal wall by a care /concruta intszac-
tion may threaten the integrity of the reactor-pedestal.-

_

:

Amaruhant 8 of S's SSMt (Reference 19.9) : indicated that the -
lower drywall wta11d be compcaed of limestas ccrcruta.
However, recent inforestics) frtze GB (Reference 19.69):indi- '

cates that basaltio ocncrets will be used. The staff's
early. analyses showed that the erosicas of 11asstcria ocncrete
is more extansive than the erosicr) of basaltic ocrcretal
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sarks of the aros3a1 products of linestme oorcreta aru rym-
cmdensible gases which would be driven cut of the malt ard.

ocritrihrts to pressurizirq the omtalment. Ikurver, the
artsicri pruix:ta of basaltic --tm appear to dilute the
molt, without posirq an cuerprussure thrut to cxmtainment
integrity. E's analysis shows neither type of cercruta to
be a prtbles in ooze /cxrcruta interacticr1 due to cperx:fting
provided by the passive flocder. The staff cxnsiders the
use of basaltic concreta to be preferable to limestene
conc 2wtm.

6.4.2.5 Otritairment Structural Intagrity

E did not consider direct cxmtalrment heatirq ard fuel /
coolant interaction as c2ndible thencznana which could lead
to the failure of the AS4R cxmtairanent. Given this view, E
attributes culy 0.2 percent of the accident pupassicr1
frequency to this failure nochanian. Nevertheless, E chose
to increase the ultimata strurgth of the ocritairnent frun
100 psig to 134 psig (Reference 19.69).

The staff's view of direct containment heatirq ard fuel /
coolant intaracticri differs frtan that of E. The staff
believes these rapid pressuru pulse thencuena can occur
under certain cirumstances and may possibly be of
sufficient magnitude to threaten the integrity of the
exntairment. The statf's view is based cm) the Grard CA11f
analysis in the NUREU-1150 study (Referunos 19.62). Though
the AS4R differs frun Grand Galf, the Grard Gulf analysis of
the drywell pressurization amears to us to be applicable as
a first apprecimaticri. In the Grand Ck11f analysis, the
pressure loadiry in the drywell frun high pressure melt
ejection was characterized with a distributico havirq much
uncertainty, beirn as high as 300 psi, with a maMan value
of about 80 pai. Because of similar drywall volumes, the
staff irrozporatai this distributicr1 into the ADWR risic
analysis, ====4rq that a pressurs pulse in the drywell
wculd rot be rapidly tranmaitted to the wetwell.

Figure 19.6-1 (see Internal Events as analyzed by the staff)
shows that contalisment failure frun rapid pressure palsas
due to direct cemitairment heating acocunts for 7 parcent of
the accident pugi ssion friqJency; this numanas the
modified AS4R havirq an ultimata containment .LaVJ1 of
134 psig. In the urm:xiified design havity the ultimata
mLa t.h at 100 psig, the contairment failed in secpenoes
contr about 13 permnt of the accident prtgression
frequency. Thereforu, this nodificaticr1 of the ocntairnent
reducal the conditicnal early containment failurs prtbabili-
ty by apprecimately half (frun 13 to 7 percent). Ir a = *
tal ircreases in strergchenire the ocntainnent would further
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decrease this ocnditieral ocntairmant failure pn ability;
however, the cost of redesigning the ocntairmant may be
significant. Other tracticos of the accident prtgrassica
fregaancy are rot appreciably affected by the increased
ocntairement 6.igth because either the vent actuates (e.g.
the vent setpoint was not increased) or the falluru ,

masanism is by another means (i.e., thermal degradatice of
ameable W-L=tica seals).

In the mat =ab events analysis, Figure 19.6-2 shows such
less imptwesent in risk because of the modifiention. Hars,
the primary renecm for the failure of the ocntairment is the
Icos of the RR systan. Stis amusas sics pressurizatico,
mich led to vent actuation.

1he staff believes that the A-yuaned omtalment reduoms
the ecnditicnal pntability of early containment failurs
frtan direct contalment heating and fuel / coolant intaraction
phonamena. ;

6.5 Conclusicos

1. She abbrwiatad ocntalment event trums (cre) develcped by E for
the Alem wars of concern in the staff's rwiew. E's ocntantien
was that since many of'the contalment issues identified in
prwious PHAs could be eliminatad from consideration because of
specific Amm design festares and an incrwaed knowledge base, the
size of e's ctTs adecpately Wynd the ,otantial Asm accident
progression. The staff had the additional ocncern that s's
analysis of the accident progressica events in the m'Ds Islied on
) MAP code predictions withcut W uncertainty analysis, Wun the
staff's experiences with the NulGG-1150 study (Referunu 19.62)
indicate that 3Ds should reflect uncertainty ranges Wich
adequataly reflect the current level of ws-.iar:11ng of severe
accident progressions. The staff has acrcluded, tharufore, that
mile scana of the mr simplificatica is justified by specific ABWR
design featurus, such athrwiated tross ocabined with the solo use
of MhAP and the lack of any EEminty analysis, do not land
confidanon that a thceough identification of the im=M inpartant

- to ocntalment performance las been made. Specifically, with-

'

regard to important issues such as the identification of the;

ocupleta ep=, wen of challenqpes to containment integrity and the
effectiveness of the mitignute systans in contributirq to AIER
defense-in-depth capability-vis-e-vis the CCFP goal of 0.10, the
following differences Jith 2's analysis were fcunds

(a) The staff oansidered challerges to the drywall intagrity
' from accident progressicos involving rapid pr===mization

,

! frun direct contalment henttrq and rapid stmun generation.
Dwee phancanana, Wich received corsiderable attentice ini

j- the NUREG-1150 study (Rafarunos 19.62), were found to impact
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the AIMt design's capacity to most a cx:rP of 50.10 in this '

*

analysis, a treated these immes to be negligible
probability events withcut sufficient analytical support.
1he lad of an uneartainty analysis by a further precluded
their identification as potentially immrtant ocritainment
cialienpas. ,

(b) 1he staff was unable to dimine the potential for moltan '

curium degrading the structural integrity of. the omarvta
reacter pedestal apport, as did a, for moltan core debris
that potentially oculd aantime to attad the concewta won

- with an overlying water pool. E shtmld perform additicnal
analysis to evalusta this potential contalment dallenge
within the range of possible caritarconcrwta interactims,

,ard the rumaltant capability of the concrwta pedestal to. '

structurally perform its functicms urder these omittions.-

An acertainty analyses should also be cxmducted to allow a
aceplete assessment of the ampsitude of this threat to
contalment integrity.

(c) 1he staff has identified a potentially serious threat to the
i

acritaiment integrity as a result of bypass leakage fra the
drywell to the wethell airupaces. This contalment
challenge, this was not addrummed by a in its ams could
be sipifloont it drywell-to*mtwell bypass appromen,s the

~

values cheerved in operating amperience with similar
-

contaimant desips. a should prwide infomatien to,'

evolunta this contalment challenge by addressing the
allcnable drywell-to%mtwall leakage area and the capability
of the vacasan breakers to repeatedly perform during the
ocurse of a esverv accident without introducing additional
leakage paths. . thcartainty analysse also are needed before
judpants en the ampsitude of this containment threat can be

L sede.

(d) The staff has concluded that a should further analyze the I

L
design of the lower drywall passive flooder system in view
of; (i) the possibility of the system creating crmditicms

p conducive to an acemmeal tual/ocolant intereotica, i.e., _ '

-lauer drywell could be flooded prior to a cruplete.ejectica
of the carita fram the reactar vesselt _ (ii) the possibility(

L
L of the system being unable to prevent serious degradation of

. the'ocncrete pedestal walls- (iii) the pessibility of the'

bu system prwiding stemning retas sufficient to overpressurize
the contalment, aconer then without the syste, via bypass

|- _ leakage between the wetwall and drywall; and (iv) the- _ _
essential dependence of the systas cm the availability of
the RHR system to cool the suppressim pool' and phn.
steen overpressurizaticm. -It should be notad thet an-
affective flooder syste is_ nanam=wy to maintain safe
tamparatures within the drywall following a severs accident.
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However, the design shculd be further examined to anow
cmsideintico of whether to intrrv+v,a vatar into the lower

'

drywell in a etntrulled er urrxntrolled nannar, how fast to
introduos the water ard when to introduce the watar.

(e) 'Ihe efficacy of the ccntairmant wexpresure protacticn
system to perform its mitigative functicn is uncertain in
view of (i) the possibility that the systmo pr=amtre relief
setpoint nay not have taken into emint the varicus
downside risks, i.e., preenture (reduons the possible time
for fission product decay price to tulease) or unnw= aman
(r*== the possible time to reocvary the TeiR system)
ruleases, and (ii) the possibility of the system releasirq
unscrutbed fission products to the erwim.unt significantly
earlier as a result of drywall to wetwell bypass flow
without an cperable or effective wetwell spray. 'Ihe
detarministic analysis of this system is die'---4 in
chaptar 6.2.

2. Based en the staff's Crr analysis both with ani without the
overpresours protaction systan, the staff believes that the ABHR
design could have difficulty meeting the CI:TP of 0.10, for both
the NRC goal and the GE goal and for both intanal an$ seinmin
events, even without any otnsideration of the potential
cxntairannt threats previously di====4 in 1. (b) - integrity of
the reactor pedestal,1.(c) - drywell/wat:well bypass, an$ 1. (d) -
fuel / coolant intaracticns, intagrity of the ruector podsetal, and
cwe+=tre in the contaimeent frces debris armamiry in the lower
drywell. 'these staff conclusions aru based primarily en the fact
that dizmet containment heating and rapid ex-vessel steam
generation sequences were fount to be potential centalment
failuru mechanises. Furthermre, it abauld be noted that a CX2P
defined as the quotient of the wiM R@=ision frequency for
sequencen affecting ocntairment integrity and the total ocre
danage frequercy, needs to be evaluated very carefully when used
as a measuru to maka juckpnents cn the Wuq of the plant's
laval of defense-inM (see Mim 19.11).

3. 'the staff believes that in lig!rt of the proposed drywall-to-
wetwell bypass flows, GE should give adiitional attention to the
design of the ccntalment spray systme. Specifically, the
cperability ard reliability of the spray syntan, either via the
RHR or the firewatar system, need to be addressed in tenus c.f
safety significanos ard design tasis critaria,

i
1
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19.7 S:CRCE TUN N013 SIS

7.1 Intrtduction

me objective of the saurus tem analysis rwview is to assesa E's
ocuros tam asthcds ard estimatas, to a-= E's predicticn of ABWR
design featurns for redrg scuros tams, ard to assess 2's
ocnclusions for its esti3natas of the expected misases. 2 1s scuros
tara analysis is not used to make a detaministic enluaticn of the
safely of the prt5csed design. Instand, it is used to assess, in
realistic a namer, the safety profile of the prescoed design as
expressed in ta= of the frwpency of severe accidents, the
ocnserpences of a spectrum of such accidents of varyfig severities, ard
the intagrated risk to the p2blic. Se staff partemed a ocuros tem
calculaticn with its mias, HE2ER (Referarce 19.65) ard SICP (Reference
19.66) to ccupare to cne of 2's scuros term calallaticns dcne with the
) MAP code (Dafarinos 19.67) . Outside of the tuview of the ABWR, the
staff is currently dolig a detailed ocuparison of ME2ER (Pafcrunce
19.65) and the ) RAP ocde (Reference 19.67) .

Scurts tarm calculations i.r. _d. a 1cgical placity tcgether, taually
in the form of detailed carutar mias, of the kncwledge of severs
accid < int rug.-sicm. mars is such uncertainty in that kncule&ye
hcuever and, as a result, nors than cne source tarn ecde exists. me
use of differwit, i.e. ME24%R (Referanos 19.65) and STCP (Reference
19.66) that wars develcped by the NIC cr MAAP (Beforence 19.67) that was
developed by the ind2stry, will result in varyirs predicticos of
accident p m ._;icn. Hence, an understanding of the assurrptions and
allirq is mry to intarpret the results of the calallaticns.

7.2 Methods DLeirn

7.2.1 2 Analysis

2 nodified the MAAP 3.0B ocde to wmtnt for the urtique
configuraticns of the AIHR ard developed a representative input
deck of the reactor aid ocntainment. Usirg this codo ard input
deck, 2 performed scuros term calculaticns for M ao:ident
pwpossicn defined frta the CEr analysis (rulm%n for
normal ant leakage were estimated frein dNtign lesis
leakacre) .

7.2.2 Staff Review

2e staff's tuview made use of a variety of craputer m4an to
amman scxzree tama. Pirst, in an audit, a STtP and a MEIRR
calculaticn were cxmpared to a E MAAP calculation of a sirgle
sequence for the timirg of the accident rug =wicn. Seacrd, to
deta.nnine release fracticos, a paramtric cede similar to that
used in the NWEG-1150 study (Reference 19.62) van developed and
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exercised sum that uncertainty estinatas could be made. A brief
dimm== ice of eam of these ca.lculational analyses fallows,

tw-.% of w4a.,it w.;. Men T4 4m

A t.teing oceperistm was done for a sigle sequence. Se single ;
esquenos, i.e. the bene caes secpsnos, was chosen frtan the
seguonoms for thie E did MhAP calculations. De selection was ,

ande en the basis of the aespence this included phanamne of ?

relevance to source taras, nce cm the deinant sequenos. Se
sequence was a Ices of core cooling with vessel failure at high
preneure. It resultad mostly true the class I A (high pressure t

transients with icos of care cooling and failure to depreemarize) :
and class III A (samil to media 10Ch with ices of core cooling !

- and failure to depreneurize) accidents. S ees types of accidents
acomunt far about 30 percent of the core damage frequency, and
represent phenamne that are of particular interest in the zwiew
of the ocurce tacus.

Dal--- Freimia and thulriev r%1m1metenn

2e NURID-1150 study (Reference 19.62) served as the basis for ;
estlanting the uncertainty in the source tenus. Paresstric codes 1
frum that study, collectively called XIKR (Reference 19.75), were
used to develop a version called ABItst for the ABR rwiew by
asking the nanammary unrHficaticms to describe the AIBet design. -
From the esperience gained fra the END-1150 standy
'(Reference 19.62),1 f;.fteen key iguts of the ABSGt ocds were
chosen and assigned distributions while holding four other
persestare constant. thile the staff's effort was less detailed
then the NUREG-1150 study'(Referunas 19.62), the staff believes
that the selection of variables and distr A4* ion assignments
serves as a first tw dmation to weertainty and is adequeta for
estimating source tarus fcer gazi with GE's calculations.-

To perform the calen21ations, asuples of thmee distributicms were
taken with a IM tacimique,:a form of Mnnte Chrlo sampling
(Reference 19.67). One hundred semples of the igut distributions
produced one hundred sets of'iguts for cme immdred runs of the
AastR code to preckace cme immdred sets of outputs (souros tarus)
for each arr4 dant progressicm grcLp (eas hble 19.6-1 in Sectica
19.6.4.1) . - .2e one hundred source tarum for ee$ accident

-

progression grcup taken tcgether formed distributions that
constitutad an estimate of the ocurce term releone fractions and
uncertainty. Frtan these distributions of source term release
fracticms, the 5th, 50th and 95th W.i.ile were dotarmined far.
ene accident progression bin stamning frtan the staff's sT.'
analysis.-
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7.3 Asessenant of Methods

GE's method for estimating source terms is acameest different fra the-

'

w.vgh taken in tne NUREG-1150 study (Raferunce 19.62). In thate

study, stratagic gregs of pathways inre defined for making amahanistic
scurce tara cniculaticrw with codes, such as MEIIIR (Raference 19.65)
and the #!tP (Raference 19.66), in order to adjust the parametric codes.
1 hen all pathways through the M r had independent scuros tazz '

. calculations made with the pa._kic XBGt codes. In contreet, GE
grc @ed the pa first, than calculated sauros taras for each groupwith its code. The staff finds GE's method to be
noosptable. ' However, uncertainty tes not addressed, thich is a mejcar -
deficiency beamuse ocmes tarum calculaticra inherently have auch

-

uncertainty in them. ,

The staff's method for cniculating scurce terms tes similar to that used
in the NURED-1150 stud
ses limited in socpe. y (Raferunos 19.62). Mcusver, as stated abcwe, itNevertheless, it appears to be adequeta to
detarmine and aseems source taras in each of the wiM progressicm :
bins. '

-.

7.4- Scurce Tara Resulta

7.4.1 Presentation of Scurce turn Results frra the GE M4A and the
Staff's Review

Table 13.7-1 tpalitatively shaus the negnitude of the ocurm terms
for the accident progressicm grugs in Tinble 19.6-1 and Figures
13.6-1 and 19.6-2. Here, thu staff characterized the ocurce terms
as negligible, icw, underate, and high and present source ta m m
for both the GE and the staff's analyses.

!

.

|
,

I

i

i
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Table 19.7-1 Description of the Accident Prugtension Source Teries in Terms of the Core ummarym Frerperry !
r-

! Fractions of Table 19.6-1 (in Section 19.6.4.1) and Figures 19.6-1 and 19.6-2. I

!

!
Omtalrument Response and Qualitative Serpamos code j
Magnihn'la of the in

!
,

Contairunert tha11suse M=ce Dana Table 19.7-2 !7
:
,

,- (30 suas as 00 subject to assumptions If the bypass flow is large, then NCL i
about drywellAsetwell bypass and increased source terne, particularly of !

,

pedestal failure. noble gnaam, amm via cxmtalraumt !i- failiare or vent actuaticm. If there is i
pedestal failure, then potentially hi@ |
souros ternus thrutsyn failed contairmerit :

" pemetrations. If there is no bypeas or I
pedestal failure, then the contairWent !
remunins intact and the =runne ternus are I

i nagligible.

(B) Das suc====risatie timen core ds4=-is Ranmana the "JuntaifWumt ruumins intact, NCL
; is stan= trig in the r===+rw v==sw1 the source terum are negligible. !

with the IGR syntaus. [;
i

. i

(C) slow pe====risstleum 'dien core dseris Wiether the ocmtalrunnet fails or the larIvDe i
_ is semantruJ in the reactor v==aal vent ach==ta=, low =r==ce teres har=== |

*

| without the IER systeus. the stqutensica pool is in the relan==
.

path. (Asun- re drymilAsetwell '

! bypass flow.) |
| t
'

t

i

!'
.

; . ,

19-136 ,

|-

}- I
e
}

_ , .. .. _ _ - . _ . _ . _ . -



i

.

.

E

Table 19.7-1 (ccntirmaed)
'

. Omtalrummt T+ d Qualitative Ses m code I
!

Maytittde of the 5i !Cantair===t th11eme Source > Tat 2e 19.7-2
^

i
(D) Ei@ taperstase en ; ^_-- lem F==-ive Imakarja fmm degramed MictPFMI i

t

ammin ama nicer pr mamariadica fme parietration seals, egalvalesit to a !'

core detris ejecL si irito the types- failed contairummt, twoulting in hi@ [drywell. acurce tan =.
|

(E) 31 cur pressurisatica prior to vesarel Mas overpreneure prem-we pavie=11ert IORTfDIfailure due to loss of the NR systeun fails, allwing the contalisment |systen and mamary==st loss of core to fail before the reactor vessel is '

coolirg. breedied and fjasion prntrt release
3begins. Source terms are hi@. !

(F) Empid preneurineticus at vessel Early structural failure of the MSRCFfDI
failure from direct contaliseerst contairement results in hi@ source !
heatirq. tenas. L

'
,

(G) sleur pe==amarisaties teneri core debris Imte cwitalrusent falltme results in lont ICEFSDL
is s ma=1rq in tb.a louer drywall to usuttua source terms tdien the ICITEDI

e
without the MR systems. otsitalrunent sprays pi.e and hi@

source ternes idast the contairement i

apreys are smsvallable.
,

(H) Eh pressurisaticus (arvvwdirq to the Because the contalrument rummoins intact, NCL. -

GE analysis) teneri core debris is the source terms are negligible. |
.i staamiry in the lower dryuell with

t

the MR systas.
|

[

.

I

i

s

*
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7.4.2 Discussicm of the Som:n hrns i

the fonowing M--icm will focus cm the two principal
czaponerits of radioactive some tarns, namely, release fleet.ims>

and timing. -

7.4.2.1 Dalease Fractims

Table'19.7-2 cxupares m's and the staff's release traction i
estiastas te mejor negaance grogs. The table cxasnares i
release fractions for only casia and iodine.- Noble gas *

release fractions are emmentiaD y 1.0 for both M 's and the
staff's estimates and sigly not included in Table 19.7-2. i

However, other fission predact species are not included in
the table because a predicted the releases of only iodirm
and assim (in additim to nchie games) to emirmnantt-
other fjasion product species were either retained in the '

'damage fual, the reacter vesen1, ce the ocntainment.

n.tring inh care degradaticm, the ante volatile fissicm
prodact species (assim, iodine, nchie gnees, and tauurita) -

are released frta the fuel. Scans of these fissica prochacts
are retained en the surfaces cf the reacter vemaal,.but most
are deposited in the mappressica pool. 1he fission prochacts
deposited in the reactor vecesi can, over tium, heet and

*

eventunny revolatilise.. She NhAP code pendicts that a
siytificant fracticm of these fission prakacts twvolatilize

,

and are released to the emircruent if the omtairment i

failst tenuritan is not pr=44*d to zwvolatiliae end, .

hanos,: is not pa=44+d to be released.

The refractory fissim pntets are released frtan the foal ;

after the vessel fails if the acre debris runnins at high ~

temperatures and vigarcusly attade the cuanoreta of the '
.

lower drywell. 3 asemes that the passive flooder system ,

effectively ocols the acre debris in the lower drywall to
prevent autansive core / concrete interaction and fissim
prahact release, thus, rahacing fissim predact releases i

from this ocurce. The overlying water pool would also scrub
the fission prakacts that aculd be released-tztma the acts e

debris.

- the staff's release fraction estimatas also account for the
revolatilisation of assitas and iodiner -therefore, its-
uncertainty range in hbleL19.7-2 encxupass the E results.-

,

However, the staff's estiantas differ frtaa the E estiastas
in that they anow fer. the possibility of ocatirmand
core /oencreta interaction,- even after the passive flooder
system actuatas. - thus,ithe staff's release-fractica +

estinatas include the release of refractory-fission prtxhacts4

. (rot shown in Table 19.7-2) . Notwithstanding the above
,

19-138'

. s. _a ...u.._._, .a._.-_,,._.,-.___<-....__....__.__.__..ma. _ _ _



. _ _ _ _ . _ _ . _ - _ _ . _ ________ - - _ _ _ . _ . _ -

|

.

|
|

|

differinces in GE's ard the staff's a@ roach, the followirq
'

ganarmi stataments can be ande rugart11ng the release i

fractions shown in Table 19.7-21
&

o Minismi scuros tazas occazr than there is notaal
cxzitainment lankage. GE's estiastas of i2Une
releases are generally txmanded by the staff's-

;

estiasto.J. E's estinata of the casita release is iabout thras ceders of mapitude above the staff's
gredicticris for the riarumi ones leakage, kart both are i
very maall. '

o other than tr==m1 cetairment leakage, minizam ocurce ;4

tmum are seen in sequenons there the core unit is
arrestad in the reactor vessel, Group (2). She GE

; estimates are slightly less than the staff's median
estiasta, but within the uncertainty rerge. '

t

o the =mv4== scurus tarus are seen in station blackout :

and ADS escpannons, Gruup (5), and se@enons there the
;

ccritainment has failed price to veneel failure, Group
: (4); in both cases, the omtalment fails early. GE's

estimated pruiictions are near the user bounds (95
percent) of the staff's uncertainty bourds. The staff ;'

. predicts larger iodine releases than casitan release
*

nearnes GE prcticts ruughly equal enounts of these-

radicamiMan. ~

'
i

o the effect of the firswetar systen aligned to the'

cantalment opreys is evident in Grtnips (6) and (7)
-(the possive flooder syn, tam actuates in both cases). '

(E clalas a re& action in ocurce tacan by a facter of '

about 50 to 65. - the staff predicts, a significantly
anniler reduction, .a facter of 1 to 3. Neverthalens,
GE's estimetas are within the range of uncertainty.

.

o 'mble 19.7-2 and Figures 19.6-1 and 19.6-2 show that
GE predicts significant fission product releases fory

i name very low fregaency e % esquences and failure
modes. M e of these law frequency source tarum are,
towards the hic): and of the staff's uncertainty range
for the volatile fissicri pro &act groups (As Mmm===d
above, .GE did not calculata release of the refractory

L - fission prochacts) . -

|
:

.

-

i

^
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Table 19.7-2 Ousitan ard Iodine Release Fractions, as Estimatal by the Staff ard 2 fcs- the Staff's Accidmt
b y w ien Bins.

Teference '

Staff's Estimates 2's to Figures
2 Seouente Oxh 5th 50th 95th Estimate 19.6-1 & 19.6-2 '

(1) NCL 2.1x10'" 3.2x10 3.9x10'' 5.1x10 A,B,H
# 4

4 4 4(2) IIIFIVD 2.7x10 2.7x10 5.3x10-2 4.0x10 C4 -2(3) MSOGYP 8.Ox10 2.1x10 4.2x10'' 1.Dx10'I D
Ocsitas (4) IO1PPFE O.002 0.06 0 75 0.46 E

(5) MSRCPfD O.002 0.07 0.75 0.50 F
4 4(6) II2rFfD 8.3x10 7.8x10 1.7x10 1.7x10^ G4 -3 4 4(7) II2EfSD 6.6x10 2.4x10 1.4x10 3.2x10 G

(1) NCL 3.4x10'" 2.3x10 3.8x10 3.8x10 A,B,H
4 4 4

4 4 -2 4(2) IIIIFIVD 8.5x10 9.2x10 6.1x10 2.8x10 C4 -2 4 4(3) N50lPFP 9.4x10 9.4x10 4.0x10 1.2x10 D
Iodine (4) IDIPPfE O.007 0.19 0.69 0.47 E

(5) PGHCPFD O.007 0.19 0.69 0.50 F
(6) II2PFFU O.002 0.10 0.15 0.18 G4 4 4(7) IIIPFSD 4.7x10 9.7x10'# 3.2x10 2.7x10 G

O23e Descrintion

(1) NCL Normal contalmerit leakage (2 contalrunent failure).
(2) II21FIVD Fission ptrar+ scrutbed by agressicn pool before release, irx:lta$sd the " venting"

sapiences.
'

(3) N30 GYP Early contalrunent leakage due to hips tesperature failure of p==hations, no sgp%icn
pool scrutbirg.

(4) IDIPPfE Early contalrument failure, to sugpression pool erstibing.
(5) NSRCPED Early carth failure dias to ATMI, no muasicn pool scrtibirg.

' (6) ICUTYD late antalrument failure dine to overpressurization, rn spray, re sqpression pool scrubbirq.
(7) IIIFfSD Iate contairunent failure due to m eizaticn, spray available, to sge lon pelr

scruthing.
,

,
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7.4.2.0 Accident Prtxpwsicn 'riaings -|

In Table 19.7-3, three sets of timirns fIm the MMP, FICP,
and MI24tR c: des are sian. 'Ibe particular sequerre
analyzed irwolved a loss of corn coolitg, vessel failure at
high pressure, passive f1miar openity to quench the M '-

in the ic*me drywall and, as there is in containoant
coolirg, and otntaitumt failure (vent ret M11md).
Although the calculaticn was dcne for an earlier versicn of
the A1HL (Referanos 19.9, i.e., 100 psig ultimata =L w 9th
of the ocntairment ard Icuar drywall crrposed of limestene
crnczuta), the enlaalations are still ralerant to shcw the
degrea to which the tiairgs diverge. 'Ibe staff baliarves
that sind.lar divergence would agmar were the calculations
to be mkne acocuntirg for the design av1fications.

.
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Table 19.7-3 Timing of Fay Events in an Accident Progrinsalon.* *

Time in n m
M Mhh2 EE2 ME1IER

Dnector screa 0.0 0.0 0.0

Oasis uncovery 0.3 0.4 0.5 '

Fual kugins to malt (c) 1.3 0.9

Iower pleram dries cut (d) 2.9 4.5

Vamani failure 1.4 4.2 4.7

Passive flooder operis 2.4 4.7 4.7

Vent cpans (e) 19.0 11.3 11.9

Containment failure 20.9 13.6 15.3

P

. (a) Omiculations aru ha==4 on the Amendment 8 design, whers the ultimata
s-92 of the containment is 100 psig ard the lower drywell is
----:M of linestens ocnceste.

(b) '!he se@mos is defined as a loss of core cooling, Wiaru the vossal
fails as high pressure, the passive floodar cpens to quenct) the debris
in the lower drywell, and, as there is no contairunant cooling, the

. thywell head fails.

(c) Not given by GE.

(d) *delling in the 19AP code has the lower plerum filled with water Wien
oors debris drops into it and fails the vossal.

(e) Would have gened at this time if the ocntainment was vented.
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As expected, diffennons ard similarities in the timirgs
wzu found amxg the pmiictims frte the MMP, ST::P, ard-

ME1IIR rrdam.

O DW time to ours uncoVerf if about the same because
this is little acre than a calculaticri of boilirg off
a given amount of wetar.

o De sty ard MrgrR predict awrcacimetely the same
time to cars melt har===, in a simplistic way, this
can be viewed as a calculaticn of heatirg a given
amount of sorta11.ic mass,

i

me MMP code calculatas veneel failure occurrirn ato
1.4 hours while the STCP ard ME14IR calculata vammal
failurs ermrrirg at 4.2 hours ard 4.7 hours
rumpactively.

oxitalment failuru is predicted at 20.9 hours by 19APo
14 tile it is predicted to be auch earlier by the SICP
(13.6 hcurs) and MEIIIR (15.3 hours) .

)tdals of both the plant and severs accident @encuena give
rise to the prodletions. De staff believes that the
differences in the plant m4als are maall because tne MCP
aid Mt2IXR i@ut decks were derived frun the MMP inprt deck
devoleped by GE:. If the staff developed it own irgut decks,
the differences in tra predictions might be further
oceplicated by differences in plant =rd=1=. Also, these
calculaticns have a oansiderable ancunt of unomrtainty,
thich has not been dotarmined. Su:h uneartainty would
hws differences in the predictions ard the reascr.s for
sud differencase

In this rwiew, the reance for the differences in these
times is largely das to the pedalling of core degradatico,
veenal failure, debris ejectice into the lower drywall, ard
core /ocncrwta interactim, each of Wich are rHan=aad
belcw.

Cors Degradaticr). Se mielling of oaru degradatica is
important because it in part detamines the aucunt of debris
available for #7--4. @eransna, such as diruct
omtaiment heating-(high pressuru sequences) or
cors/cencrwta intarEticn (Icw pressuru sequences). Other
aspects of the accident p@wian aside, tho' differences
in the inedain that cause differences in the time to vesselbreach are as follcus

M8&E: core degradation is nedalled as a large amount
(30 percent) of the core runainirg in the vwu=1; the
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dryout does tot occur because the vammai failure is
w ailed as occurrirg Wile watar is in the 1cuara '

,

plersa.

gI52: 75 paroent of the cone b=== scitan before the
entire cars simys; the dryout occurs rapidly kocause :
the entire core sitaps into the lower plerus.

)R2gst the oaru slungs portion-by-particm. 'Dtis can '

influence en the prwiictmi times to dryout of the
lower planum; the portion by portion slunging delivers ;

hot debris relatively s1cuer than the SK:P, heros, the
boilirq is alcuer.

Vaans1 Failurg. '!he wan111ng of the veseal failure is
important boosume it datannince the aucunt of time that is
available fcr recovery Wtile the cors debris is in the
vemaal. Other aspects of the -%t progressicm aside,
the differences in the wdala that cause differences in the
time to vessel brusch are as follows:

194P: Wille the water is in the lower plenum, the cozu
debris heats ard fails the penetraticms.

3252: men the wter in the lower plerum boils away, '

the oors debrra heats the lower head until a gross
failure coeurs.

1EZ43: When the water in the lower plerum boils away,
the ;- L.ticos rapidly fail.

Taking the core degradation proomes and vessel bruects
together, Table 19.7-3 shows that veneel failure is prwiict-
ed to coeur earliest (1.4 hours) frtai the 19AP code followed
significantly later (4.2 hours) by the SKP and slightly
after that (4.7 hours)-by ME2DR. Veenal bruects ococrs
earliest in MAAP har= =a the water in the lower plenum does
not need to boil away prior to ;- L.t.icm failure and a
large amount of ocre debris a g lies a large amount of decay
hast to do this. 'the sKP wdale delivar a large enount of
ocru * ris for heating, but both the water and the lower
head must be hostad. - '!ho ME2CR pedalm boil the water but
malt only the penetrations; h-=== a small amount of the
core debris does this, the 1ergast times to vossal breacts
are predicted. *

n hris M ar= mal in the in.=* drwell. 'the modelling of the
debris dispersal is inportant because it determines the
actuaticn of the passive fler systan arx1 the failure of
containment perntrations in the upper dryw=11.

,

19-144

_ .. .~ . _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ . . . _ . _ _ _ _ , . - . _ . . _ _ _ . - _ _ . _ . . _ ~ . - . . _ . _ . . _



. _. _ _ _ _.._ _ __ . _ . _ _ - - _ . - _ _ _ _ _ _ . _ _ _ . .

.m u t

;

. 1

!

i
.

1

!

> -

IS&P: 'the debris falls into the Iowar drywall, svun in i
a high pmemare setpannon Wiare it is also disparted.

into the upyar drymil, alcrs; with Watar fme the
reactar vessel boosune the reactor vessal failure '

occurs at a vessal penetration before the lower plersas ,

in the vessel boils dry. Onca in the Icwor drywall,
the water war the debris nuat be boiled away before i
the tamparature can reach 500 dag. F. and actusta the .

passive floodar systas.

3252: Hot guess and sans debris antar the 1cesar [drywall without water M= the water in the 1cuar
pleraan of the reacter vuesal must boil dry before the
vossal fails.) 'the core debris is dispersed 'into the
y drywall. The hot games and core debris actuate ;

the passive flooder systan soon after venant failure.

E!gB: Similar to the #!CP, except that it takes ;

alightly 1cnyer to actusta the passive flooder systae '

due to andalling differenaus.

Chge/concreta intaractism. In nAAP, the core /oencreta
interactics) is minimal because the core debris is modelled
as entering the lower drywall where it is quenched with r

wetar fmn the passive flooder systan. In #2CP and MEZIER
calcadations, the internation la more esctansive.

'the abme M-=lan illustratas aces of the andalling differences
.

'

,

among the source term oodes irwolved in the PMA and the rwiew.
'these andaling differences givw rise to the differences in the
source tats predicticms. .Scase of the differences in the models
are a acreequence of the need to make apprescineticre of these

,

,

phencamena in order for the ocopitar codes to cparata on a reasone-
ble amount of rescurons. hat unre important, the modelling dif- .'

farances arias fma inocupleta understanding of eswere accident
phenczmana, both by the staff and thm industry.- '! hough the time to
containment failure was cniculated far caly one sequence, the- ,

- relatively ahort times that are predicted, 13 to 15 1 Te, far i

.this 'typion1*' sequence maggests that other credible sequences any '

have cxmtaiment failure times less than 24 hours.

7.4.3 Systan Effects

In tha' staff's zwiew, the staff began to assess the impact of -
ocnes of the AIHt design features cm the ocurce tarum. '! hough the
staff's results are mostly qualitative, they brirsy out impcetant
points.
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source terms.cnn be affected by the material used in the icwr
drywall str.acture. Although llamstens con:-ta ablatas at a
higher tagerutz. t than basaltic concreta, macts of the ablatim
prtzhats are tum .xrussosible gaans that do not dilute the core
debris. annaltic ocmcreta amits at a icwor tamparatuis but the
hast fluu in the onre/cimareta interacticm tands to 1:e lower
boomune the care debris is dilutad by the ablatica prtxhacts. Se
staff has not thoroughly citaracterised how the source tarus would
differ for either 113astene acrcreta or basaltic ocmcreta.

Damalva Ficadar Syntam

Matar is intrixinomd onto the debris by the passive flooder system
in an attempt to gaaruit the oors/concreta interaction. According
to GE's calculaticms, the core /ccmcreta interaction can be
W, hanos, the source tarus from this core debris are
greatly reeamed. According to the staff's miculations ard
limitad experiments, the core /concreta irtaraction is not
=====rily agaanctied readily - a siytificant intaractica any ,

persist until both cocidation reactions and decay heat subside
enaupt to allow the heat 10 mees to summed the heat ganaration.
Ammaning for this Mar ==itm that a fuel /ccolant interaction does
not oczar, the overlying pool will anart three effects - crust
focusticm, scrubbing, and stamning.

ENperiBEnts Ruppest that a Crust Bay form On the debris bed.o' *-.

However, these experiaants may not be prototypical; crust
focustiam is being studied in cmpoing researtt. activities. .

mis may resaae sauron tarus by trapping certain fission
pro & acts in the underlying an1 tan debris. Also, it any
increams other scuran terms by hhibiting debris cooling,
thus helping to maintain the debris at a hiW1 tagarature
tdisse fission petskacts are volatilised and driven off of the
debria.-'

,
,

o' 2e scrubbing afforded by an overlying pool of water is
dependent en many factors including pool =*=mling, bubble .

dynamics and particle size. pool scrubbing pewided a-

decantaminatica facecr nf 1 to 16-in the staff's
calcatlations. 24s figure gives acune indicatica of the
potential sauron Jara redaction value of the passive flooder

| systas, as well as the variability inherent in this facter.
4

3- me steaming exerts a ocuplicated effect en the source
tarus. Ort the cme hand,-it creatas a noist artvirtrument that

I' would tend to reinos aerosols throu@t cxmdannation and
agglomeretica mactinnisme. On the other hand, volatile
species nacit as iodine are released alcrrr with the steaming. '

Also, the steaming pressurizes the centennant, reducing the
!- 19-146
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time to ocntainment fe 1urs, or if the warpressure
protaction systan is present, the time to ventirg. If
acotairment failure or the onset of ventirq occur Ime
rapidly, this will shortan the time available for reducir;.
the soares tarns thtugh aerosol deposition and radioactive
decay.

am *-m: % systme

Q21talment spreys can ruim scurce tares by the scrutbity acticn
of the sprays. E takes auch credit for this scrutbirq - the
release fraction of iodine decreases by aturt two orders of
magnitude, for a sequenos ears thers is a loss of cars coc111rg
with vessel failuru occurrirq at low prwssuru (frtu 0.18 to
2.7 E-3 in Table 19.7-2). The staff's calculaticos with the
pas.ric source tarn code iniiceta a typical doctritamiraticn
factor for contairment sprays of 1 to 3 in Table 19.7-2.

ovmm-m2rm Prtte+4m sva+=

M a overpressure protection systas is designed to rauta releases
in the drywell through the suppressicn pool Wars scrutting

Thers art ocuros tars effects arising due to this systemoccurs.
that could increase scuros ramat

Drywall /wetwall bypass can partially defeat the overpressureo
protecticm system by routing a particn of the drywell
release around the suppressicn pool to the wetwell air
npaos. At least a part of the release would then be
unscrubbed. Also, h= the ototairment pressurizaticn
wtuld be enhanced, the time available for the decay of
fissica products prior to vent actuatica is r=*md.

men venting occurs, the crotainment pressuru will drtyo
causirg a porticm of the supprassion pool to flash. Fissicn
products can be r; c J. rained through pool swall and
finshirg, a phencnanon urwmnited for in either the staff's
cte E's PRA E ande additional calculations showing it te

1

be of little cancern (Referencm 19.69). - The staff riviewlag
the PRA has not seen these additicnal calculaticns nor has
the staff made calculations to assess the potential effects
of flashing. 1his is a ocnfirmatory itam.

! 7.5 Cenclusions

1. Althcugh E's source tarn estimates appear to be within the
j: rarge of uneartainty devaleped by the staff, based cn the

staff's limitad ocnsideraticn of source tarn estimates from|
'

E's MAAP cxxie and the staff's ABSCR/SICP ocdes, the staff
| telieves that predicticns frca these codes could show

considerable differences because of differerces in wMalm!
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and assumptions. The staff therufcaw concludes that E
anculd include a truntaant of source term unosatAinty, as4

part of its cmar 11 analysis of uneartainties, since large '

uneartainties are ide-a in these calculations.

2. E did not calcx11 ate fissicn petxhact release daring
cate/cznctwtm interactions h= MMP predicts that the
floodar will quench the acre detris. The staff is unable to
cxaplstely dinni== the potantial for ocritimed care /ccmcrwta
intaracticns
this acuros) (and honom release of fissicm products frtatafter opersticm of the passive care ficoder.
Acourdingly, as part of the wE4 analysis a shculd
emplicitly consider the potential for omitinued care
ocncreta intaracticn and attandant scurce term rulmanes.

3. h efficacy of the containannt cuerpressure protection
system to perfcan its aitigative funr. tion is uncertain in
view of the concerns ruined in ctnclusicn 1.(e) of Mim
19.6.5 (pool bypeas). The effect of pool bypass on sourne
terms should also be addressed in the E analysis. E
abeuld also submit their calculaticms regarding pool
flashing.

.

4
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19.8 CCt1SD1"uCE N& LYSIS
.

8.1 NJ.cn

'Iha cbjective of this sa:: tion is to prwide an assess:nent of the
ccnsequerce analysis, the cmclusicos made emn the analysis, ard the
impact of the AIER design on predicted cx:rsequarres. 'Ihe codes for
calculating the ecnsequerces were the CRAC2 code (Referarce 19.76) used
by E ard a Ecre advarced consequence code, MACCS (Refererre 19.77),
used by the staff. 'Ihe irtuts to the trdam and the way in which the
calculaticns were czzpiled wen also rwiewed.

8.2 Methods Dimiasim

'lhe ccrsequence predicticns an the third u .gr.i==d. of the risk
calculaticn. Here, the fissicn prtduct relman predicticns are catired
with dispersicn pattarra, meteorulcgical data, and populaticn data, to
yield pridictions cn the radiological impacts cn a pc5ulaticn. Ibr thisdietaicn, the tires of importarce to cmsequence calculations art.
illustrated in Figure 19.8-1.

8.2.1 E Analysis

E based its consequence calculaticns on five sites in the U.S.
representing meteorological regicms, called tortheast, rcrtJr.mst,
southwest, south, and west. The neteorulogical and populaticn
data were obtained frun prvvicusly develcped information cantained
in anutnical cuidance for Siting ' ritaria Devalernent," Sandia
Naticnal IAberatories, NURD3/CR-2239, dated nu'==mher 1986
(Reference 19.78) . The source terms were determined using the
MAAP code (Beferince 19.67) for each of the 13 release categories
(12 accident sequences ard rcrual czz1tairsment leakage) as
d4==W in Secticn 19.7.2.1. 'Ihe five calculations frun each of
the sites, mde for each rnisase class, were averaged together.
E did not prwide crnsequence Insults for each accident plug i-
sicn gm2p (See Table 19.6-1) in its SSAR (Reference 19.9), but
separat.aly pzwided crrputar wtp2t suryortirg the SSAR.

E assumed that the elevaticn of the release is always 37 metars
because of the way in which release paths channel through the
design of the AIHR. If releases were to 90 throxp a vent, the
release would be thrtugh the stack of the stardby gas treatment
system, and hence, it would be scraewhat higher (about 76 meters).

19-149



._ . _ ._ _ - - - _ .-

;

;

Accident Release
occur $ begins

~
~

Time 10 relaase

: Warninst-

time
-

Tim e to
.

not!!! cation \^\'
1-

of pub!!c Delay time

~

Not1fication Ev5cuation
'o public begins-

Time :

Figuzz 19.8-1 Irportant tires of corrAquerce calculaticrw.

19-150



_ _ __ ._ _ __. _ _ _

1

!

l

l

|
|
'
,

Some of the assurptions made in the ceraequerce calculations
,

Varied ancry the NaC ard the EPRI risk reasures appearirq in.

Secticn 19.9. In calculatirq the NRC Quantitative Health
otdoctives ard the AIHR requirments, GE ammai 1 hour betweeni

acx:ident initiaticn ard public ratification, an additional 1.5
hour delay in wecuatirg, 95 percent wacuaticn within 3 miles of
the plant, at an wacuation speed of 4.47 matars/Lrend (10
miles /h:ur) . 'Ihe warnirg time, Wtich is defined at the tine
between official ratificaticn and the release of radicactivity,
depends en the time of contajranant falhme, and varies tran 1.7
hcurs to 20.7 houn. In calculatirg the iTRI AIHR requirments
(Beferunos 19.2) (involvity the pnhbility of axcmedirq 25 run at
1/2 mile from the plant, f.a. dose definiticn of cx:ntainment
failure), GE assumed rn evacuaticn ard in salaldirq for 24 hours
after pitmo arrival; in both the internal ard seismic events
calculations, the assumptions about the waanticn distance,
warnity time, ard speed were the caum as those nede in calculatirq
the NBC risk measures.

8.2.2 Staff Daview

'Ihe staff's consegaence estimates were calculated usirg the MACCS
code. Hcwver, instand of five sites, the staff used two sitas
ripresentirg a Icw pcpilatico sita (Salem Power Station) and a
high pcpulation site (Zicn Rwr Station). 'Ihe ocnsequences were
calculated for each of these twsites, then averaged tcgether.
'Ibe averagirg was dcrw because the icw popultttien sits was thought
to under ,- nR. typical ocnnequences ard the high population
site was thcught to cuer-ruptweent t
the staff averaged the ccnsecaenons,ypical u @ences. Althcughthe averaged results do rot
r=-M1y reprueent an "avarage" sita.-

'Ihe source taras used for these calo11ations were derived fran
calculations usirq the ABSCR ccde (Bafarunos 19.75). A's dkwM
in Secticn 19.7.2.2, the urceztainty was expressed as
distri):utions, frem Wtich the 5th, 50th, ard 95th percentile
source terms were detarmined for endt of the seven release
categories calculated with the staff 6s cts (See Table 19.7-2).
'Ihe staff's release height is the same as that of GE. As in GE's
analysis, same of the assumpticos made in the consequence
calculaticas varied ascrq the NBC ard the EPRI risk resees
a pearirg in Secticn 19.9.-

In calculatirg the NRC Qomtitative Health Ctdectives ard the AIHR
naquirements, the staff calculated a warnirq time ard arammi
99.5 pr cent evacuaticn for internal events or 0 percentu

wacuatico for seismic events, within 10 miles of the plant, at an
encuaticn speed of 4.47 matars/seccrd (10 miles / hour) for the
staff's Icw populaticn site or 1.1 reter/sectrd for (2.3
miles / hour) for the staff's high pcpilaticn sita, with a
calculated notificaticn time. 'Iho tire betwen accident
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initiation ard the time of public notificaticm, i.e.1.33 hours, '

is about the sees as 2's ammaptica. 'Ihase assumpthms are
similar to anstaptims in the NURD3-3.150 study (Refarwice 19.62)..

In cniculating the DRI ADet regaiziments (involving the .

petibebility of seceading 25 rem at 1/2 mile from the plant, i.e.
done datinltion of contairment failure), the staff aesmed no

,

eveauntica and no shielding for 24 hours, as in s's calculaticms. '

s
4.3 staff Aessesment f

OtAc2 (Raferenos 19.76), arsi the MMC 5 (Rafermos 19.77) are very
similar ocuputer programm, MhACs being the o- of the OtAC2 ocde.
'Ihese coder have been shown la prwious *Asiles to petuhaos results ,

'

within a factor of 2 to 3 fcr similar igut ameusptices and the staff -
ocruiders that both pewide an acomptable characterizatics) of the conse-
quences of a severe = id==it. Accordingly, the staff finds E's use of *

the GIAct to be acomptable.

'Jhe staff has also anseemed E's igut ammapticris related to warning ;

tians, svecuation dalay time, and height of release. Although some of
the iguts to s's calculations differ fra the iguts to MRC's emicula-,

tiens, the differences in the results are small. E's warning tias is-
fiand and begime one hour after a remotor trip.- NRC's warning time is

'

-calculated and begins een the level in the vessel drops to 2 feet balcw
the top of the active tualt this tahms about 1.3 hours for aces sequen- '

cas, bened cm pedr*ims frum.the r!ty (see Table 19.7-3). 'Jhs effect .
of the difference en canoogaances is sen11.

.

Ctepared to the NL3tEG 1150 study ~ (Reference 19.62), S's consequence
.

calculations appear to be similar in tatur of the delay tian in evacust-
ing and the evacuaticri speed. Table 19.3-1 shows these times. E's
release hei$st of 37 asters is reescutable for severe amidarit omicula-
tions because of the structure of the Altet and that the likely. failure 1
location in the head of the drywell. 'the staff ocmciludes that s ile '

scue of the iguts to E's eniculations differ frtan the iguts to NRC's
calculaticms, the differenons in the results are small. 'Ihe differenons
are not esplicitly presented here, but are reflected in the irtsgretad

-

risk estimates pensented in section 19.9. ansed an a rwien, J m's - .

analysis and ===P- h ry staff analysis, and contingent g an entisfao-
tory resolution of scurts tars issues, the staff finds that s's ocnos-
quence analysis would prtxhaos ruralts that are in general agreement with
the staff's omiculaticms.

8.4 Conclusions

1. '!he staff believes that E's ccrisequenos calculation asthed
is reneanable and is stallar to the staff's asthod.

n - 2.- Contir1 gent upczi satisfactory resolutica of source term
*

imeues (see diammaica en Sourts Tern Analysis in =ar+4m
'
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1- 19.7), the staff believes that 2's cmsequence anthcds ard
assumpticos would predaos results that are in ganaral4

agroumant with the staff's calculaticns.
'

3. E's casegannon cmiculaticns are dcne for an average sita.
1hm staff presaritad results far high and icw pcpulaticn
sitas ard also averaged the results. Bcth r - twas
praiace sinflar zumults far the givert source tarns.4

4. EPRI's AD5t requirimments doctament (Asferunas 19.2) apacifies
a site Wticts is charactarized as at the hiW1 and of the site
asverity range for pcpalation density ard distributicm.
E's consequence calculaticne do ret antisfy to the EPRI ;

regairments - (Referunas 19.2) .

.

i

b

4
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Table 19.8-1 Ocepariscrt of E's, Staff's, ard ' foe NUREG-1150 delay times
arr.'. evacuaticri speeds.

..

Dalay Evicaticz)
213e greed

E (AIBR) 1.5 4.47

Staff (AIHR) 2.3'' 1.1'
1.5' 4.47'

NUREG-1150
Grad Gulf 1.25 3.7
Peacta Bottam 1.5 4.8
9urry 2.0 1.8
Sequcyah 2.3 1.8
Zims 2.3 1.1

.a. Value used far high pcpulatico sita, i.e. Zica plant.
b. Value used for icw populather) site, i.e. Salem plant.

.
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19.9 INI1GRA2ED RISK ESTD9L1TS *

.- i

9.1 Introducticn

Risk integraticn is the final stage of calculating risk. . Here, the
frequency of the various ~ Nit my res and the ocneequences are
integrated to give the risk resulw. i

9.2 Methods nimmwcr
-

9.2.1. 2 Analysis,

Since 2 calculatad point estimatas, tne ; sk was obtained by
simply multiplyirq the point estimatas for the source term group
frequency and-consequences. The staff pramman that E ccmsiders
this a best estimata of. risk, though there is no mentien of this-

: in 2's h===rt:ation.,.

.9.2.2 Statf nwiew- <

'

<

Uncartainties in the risk estimates verts not cc aidored by 2.
The staff corwsidered them separately. . Based on other studies,
suckt as HURID 1150 (Raf 19.62), twenty parensters were selected
according to tat was thou$tt to be the parnastars having the
hichest.inpact on riskt eleven of the parameters were tztmi the

. Inval 1 analysis and the reamining nine parameteru were frtsa the
: Inval 2 and 3 analyses. Distributions were assigned to thmes

paus.h.,- aces (sucit as direct ccmtainment heating)- from other4 studien,:and others using the staff's judgments. These
distriluticos and others fxcmi source terms were asepled, again
with the Iatin Hypertube empling (IH5) process (Raference 19.67)
cme-hundred times,- to yield frequencies and conesquences. Eacts
accident frequency and consequence value sultiplied tyUer
yields a risk estimata, armi an estimata of the risk distributicn.

9.3 Assessment of Methods

2 calaalated a point estimate of risk without an estimata of
uncertainty. Though not explicitly called a best estimata in the SSAR'

(Referenca 19.9), 2 suggests that its estimata is a best estimata -
'(page 65 of Deference 19.70), Wicts &es not have a statistical defini-

: ticm. The staff's review irviicatas the uncertainty to be at 1samt an-'

ceder of negnitude and often times greater; therefore, the use of a-
point estimata without an 2=einted naannu of uncertainty is misland-'

irq. .
!

~In the staff's application of the atmospt of uncertainty, the staff used.

[ the IRS prmana ~ (Reference 19.67) to pacpac.f . the uncertainty in selec-
- - tad inputs of the staff's risk analysis th A the various mathematical

functions to generate an uncertainty disthm in the output, i.e.
| risk estimata. The staff firds that there are numerous reasonable eats
.
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of irputs, eacts havirug a degree of crudibility. 21s makes it presumpt-
- uous to cmsider any cais est of irputs,'armi honos, ourtput as "best".
Derefore, it is necessary to characterize the risk results in terum of -

- Unoortainty.
.

9.4 - Presentation and Diarn==ica) of the Risk Rosalts
>

. .

- 2e risk results are preemitad in Tables 19.9-1 throu$119.9-4 and
Figures 19.9-1 ard 19.9-2. Both 2's and the staff's risk results are 4

auwg 1 under the NRC Quantitative Health Cadactives in Reference
- 19.80, NRC ADR Requirements in Reference 19.4, the EPRI ADR
Requirements in Reference 19.2, and GE Goals. Se ERtI ADR
Requirements .and the GE goni do not ccmstitute part of the staff's
evaluaticm;- estinatas are ocepared to thsee goals caly for-
int den purycess.

% understand the results, several points should be considered:-
,

h.- .Since GE's original suknittal, the design was arriified soo- --

that the ultimata .L.ym of the ccmtaiment is 134 psig and tha
1cuer drywell is --;- =1of a basaltic concreta (Raference

' 19.75). 3's results are for the urumadified design of the AIER,
Wiers the ultimata .L.,G of the contairument is.100 psig ard the
louer drywell is cxmposed of a limestene concreta. me staff's
analysis takes the GE desigrt modificaticms into acomunt.

An additicmal feature, the ccmtainment overpreneurs Protectimt
system (ces), is also now a part of the ABNR design, but only a-
limitad assessment of the effect of this modificaticm has been
nede due to its lata additicn to the design. - Wh11y, no
condit for the system has been taken in the staff er GE analyses
of intxnal events, with the ===*ian of analyses repcetad in.

'liables 19.5-2 and 19.>4. However, credit for tho'0F8 was taken
in the staff's scianic~ analysis, since the ces was
systen at the tian that the twiew was y ra

part of the

o Accounting. GE's' analysis accounts for the firewater addities .
systan.in the Inval 2 analysis only Wiernas the staff's analysis
accxasits for this systaa in both the Inval 1 and the Inval.2
analyses. - As dina= mad in Sectica 19.6.4.1, the accounting con

-

affect the results thrax$1 the various implied - - .4imis that
arise.: In the mai-it events analysis, GE used a ani==4r- hazarsi
'arve developed as the bounding curve ecme of the rmaclear power
= plant sitas east of the Pr+4mm Wiernes the staff used three sites -,

! . (i.e.,L Pilgrim, Seabrook, and Hatts Bar) having the hiWiest
L amisamic hazard in the eastern and central United States with two
|~ hazard curves -(IINL and ERtI); this is d4arnemed in w4=t

i
L 19.6.4.1. '

-.

- o. Arithmetic and Icgic Errors. As part of the staff's revient of
GE's analysis, a r==har of arithnetic and logic errors were
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. identified. 'mase errors were u.u-;t.ad in the staff's analysis,
j z but not in the 2 point estimata values reported in Table 19.9-1.,

fMinitiem of certain-i failure. . 'No definitions of ocmtairunento '

i- failure were used.' to the first definition, failure
.

j occurs een the ecstaiment ty can no longer be amintained
;

as a pressure boundary; this is kncam as the pressure boundary i

definition and was defined by both GE ard the staff to occur een,

4-
. the prammws load b the ocataiment e the ultimata .L..g.hF
of the ocatainment. 'me staff also consideruJ vent actuatismI~ relative to cxmtainment failure.

,

- -

For proper asemessant of. contalment failure man venting is a
!- considersticn, the staff Icoked to SECY-90-016 for guidance. In'

general,. the goal la to maintain ocmtairunent integrity, to the
extant practicable,' during the initial 24 hours follcwing the
enset of acre desage without the need to vent. Boycmd the 24-hour4

!

guidelines the containment should contime to provide a barrier
[ against the uncontrolled release of fissica pram.
. ,
,

j 'me staff has viewed this guidance as 'a design goal, but does not'

preclude the consideraticm of venting during the initial 24' hour
!- period. . 'me acwt inportant consideration is the view that venting

is a controlled process and does ret constituta an sn walled.
1- . release. - For the overpressure pr**4r 1 systaa of ths ABe, a
! controlled releone is established by two isolatica valves located

,

; dcametress of the rupture disk. Once actuated, the operators een!-

- cices these valves to tanninete the release and~ rusataly reopen'

I - the. valves to reestablish the release if ocmtairament omnditions
warrant sudt action.

|,-

,

However, in the presentation of GR's results for internal-and '

! external events, and the staff's PRA remits for intermi events,'

the effects of centrolled venting ~cm the ocruiitional ocataiment
! failure probability (OTP) is not specifically addressed. We nota
! - that venting in less then 24 hours should not be equated with -

i cxmtainment failure. We intend to separate these issues-in the
L
L

FEAR.- tmtil this dienge is ande,. the staff's results :(for .
external events only, since this-is the caly place the ops was-

L creditad) will show contairment failure whenever the overpressure
i

_

pr**4r=1 system is actustad within the first . twenty four hours.t

near rir*4 cme of d4=trN*4 cms.. 'me distributions of the risko-
|- - results are-described 'in tama of their< width ard aksunass.: 'meL width of the distributions are subjectively. described as narrow
| (range of not acre than two cedars of angnitude), anderata (rangeE - of three to six orders of magnittrle), and wide (range of seven or,

i more orders of magnitude); it reflects the Wu.hacibility of thei zeeults:jn. tarns of their sensitivity to inputs and assunpticms.
De mean (influerced by extreme values) and the maiian (not:

'

[ influenced by extreme values) show the central TEE Lii ies of the
5'

|: 19-157
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distrikuticris ard together indicata the skswness of the
~:

distrib *4=is.,

o Uncertainty. - The staff's estimates of uncertainty for risk
acorunt for trC@ in the Isval 1- (systmas reliability), 1

Imval 2 (accid =qt progression as acdelled by the CEP ard acurce
terms), ard Imvel 3 (ccrimequenoms) analyses. 1hs selecticm of
variebles and distributicri assignesnts serves as a first
appnaciasticm to WM@. ' Ack11timial.EM4 wrk was
done by the staff far ==4=in sventar this IA not directly
reflected in the distributions. 1hs staff's analysis used the
IZE hasard curves,- Wic91 generally prwide a mLh:tt hiWier care
doenge trasp.isney than either the E or the EPRI curves, tile the
lattar two curves give rise to core doenge frequencies of about
the seen usynitude. However, the uncertainty ranges of the IZE
curve are large and enocupans the other two curves. In performing ,

the uncertainty analysis using the IMS mediod, the core damagn
frequency, contairment failure probability, and CCFP were ranked
esparately. 1hus, thsee raabers' for the given Waile are not
from the esmo ensple,: and, oc seequently,. the CCFP is not generally -
equivalent to the ratio of the ocmtaiment failure prtbebility
divided by the core desage frequency,

o' seimnic hazard. In regards to malmic ovents, the major
- analytical differenom between E and the staff is in the ami-in
hasard curves (ennual frequency of ==,mading a specified peak
ground acceleraticm). The staff's analysis was bened en three
sites having the highest ami =ie hasard in the Eastern and Osntral
U.S. (Pilgrim, Seabrook,- and Watts Bar), and used two maimain

.

hasard curves,"ans' developed by Imwrence Liverunre National
,

The y (IINL) and the other developed by the Electric Power
Researtin instituta (EPRI).- 12.used a hasard curva developed as a
bounding curve for nony nuclear power plant sitas east of the _
Rockies.

The risk results are presented in Tables 19.9-1 throuW119.9-5. In
- Table 19.9-1,- the mai-in events are given fz the Pilgrim site using
the IZNL hazard curve-is provided for.'==Ma~t. Table 19.9-2 shows-

= - - the results of the mai-in events analyses frcm other sites along with-
' the Pilgrim sits. Figures 19.9-l' and 19.9-2 are plots of the risks

results for internal events and maimie events. -^

The risk estimetas are integrated in Table 19.9-6. Ih acocedance with
- Referarm 19.80, the staff dotarained mother ce not the NRC Quantita-
tive Health mjectives and the NIC AD5t Requirements goals were met by
ocuparing its mean risk estimates to the goals. 1his awwgil was also
used in dotatinining whether or-not the EPRI AINR Requirements goals arsi
the E definiticrt of the CCFP were ast. - Table 19.9-5 also describes the
staff's m ^@ distrib*imis.
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Table 19.9-1 GE's Ibint Fstimates ard the Staff's Phn Estinates of the Internal ard Selsetic E'e Risk.**i

Internal
| Internal Events Seleunic Events I, Seisanic Events
; Ibint Mean Ibint Mean Ibint Meani tac Quantitative Health Estigate Estimate Estimate Estima}e Ectimte EstimateSafety Goals Goal GE~ Staff ** GO __ Sta ff' _ GU Staff
|

#Irdividual risk of early < 5x10 2.5x10-u 1. 6xlu* 1.8x10'" 3.1x10 1.8x10'" 3.1x10
# #

fatality

4 # # #Irdividual risk of < 2x10 1.9x10 4.5x10'" 1. 5x10'" 8.4x10 1. 5x10'" 8.4x10
cancer fatality

4Prchability of large < 1x10 7.4x10'" - 3.2x10# #- 3.2x10-

release (csw or more
early fatalities)*-

NRC AIHR Ikvmirunents

4 # # -5 # 4(bre % fregtxmcy < 1x10 1.7x10'# 7.5x10 2.5x10 2.9x10 4.3x10 2.9x10

4 # # # ~ # -5Prtbability of < 1x10 8.5x10 1.1x10 1.9x10 2.2x10' 2.1x10 2.2x10cxmtainment failure -
pressure boundary
definiticn'

otoditicnal contairunent < 0.1 0.05" 0.18 0.81 0.77 0. 51' " 0.76
failure probability - [0.12] [0.53]Prt m. bmndary
definiticn

a. Venting not taken into account.
b. . Annodified design - 100 psig omtairement failure pressure, limestone lower drpell.

Itx11 fled design - 134 psig contairunent failure prew2re, basaltic lower drywell.c.
d. Pilgrim site only, based on IIRL hazard curve, provided for atmpariscn.

IW goal, with final definitics of "large" still under staff ocnsideration.e.

- _ --
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. Table 19.9-1 - (contimed)

f. See " Definition of cor*miriment f411 urea in pnsoeding text for definition.
g. With the overpressure protectim systee, 2 claims a value < 0.10.
h. 'Ihese r==**rs are taken frue E s=*=lttals and do not reflect staff cuuation of Idatified

arithmetic and logic errors. oberected values are in parentheses. .

,

b

1

>
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| Table 19.9-1 (contimed)*"
Intanal

Internal' Events Selsealc' Events 'E Seinmaic Events
Point Mean Nint Mean mint- Mean

. Estimate' Bstimate Estimate Estimate Estimate Estimate
EPRI AIHR Remli da Goal' GO Staff' GE Staff' GE Staff

core damage frecpecy 1x10'5 '1.7x10 7.5x10 2.5x10'# 2.9x10 4.3x10'# 2.9x10
~# -# ~5 ~5

.

4 ^

Prrinbility of a < 1x10 5. 0x10'" 8.9x10'" 3.8x10* 1.6x10'5 3.9x10* 1.6x10'I
omtainment failure -
dose definitim

GE Goal .

Oxu11tional cxmtairuumt < 0.1 0.003" 0.15' O.15 0.58 0.09 0.53 (failure prrkebipity -
dose definition

!

.

!

a. Venting not taken into account.
.

(b. Unsodified design - 100 psig contalmerit failure pressure, limestone lower drywell. !

Mcx11fied deskp - 134 psig contairunent failure pressure, Mtic lower drywell.
|

*
c.

'19-161
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Table 19.9-1 , (contirmand)
d. Pilgrim site m1y, hamari m IINL hetard arve, prtwided for cooperleon. j
e. Fv_- :1 goal, with final definitim of "large" still tmder staff consideratim.

~

' f. See "Definitim of catal tymt failure" in peanarting text for definition.
g. With the overpraanwe phtion syste, 2 claims a value'< 0.10. :
h. These in-hsms are taken freut E m*=ittals.and do not reflect staff ==t.ian of identified

arithmetic and logic errors.... (berected values are in pm=4w.

.

k

4

I

t

i

i.

P&

|

|

;
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' Table 19.9-2 Staff Pbint Estimate of Risk frous Seisualc Everits*-
-

')SC Quantitative Health IDIL la==tl Ouve I!IRI narmed Qtrve. Safety Goals Goal P11erim .Egabtgok Watts Bar .Pilaria Sg@tpok Watts Bar i

#Individual risk of early ~< 5x16 1.4x10'"' 7.4x109 1.2x10'"' 4.2x10'" 2.9x10'" -1.7x10'fatality
*

4 # 4 4Inlividual risk of - < 2x10 9.2x10 4.9x10 8.1x10 2.7x10* 1.9x10* 1.1x10*
cancer fatality

4 4Probability of large < 1x10 '1.5x10 8.3x10* 1.4x10* 4.6x10'" 3.2x10'"' 1.9x10'"'
release (one or more
early fatalities)'!

imC MNR Reauir===arits
,

.
4 4 -5 4 4Oore damage fretymmcy < 1x10 7.3x10 3.9x10'S 6.5x10 1.9x10 1.4x10 8.3x10''
4 -5 4 4Probability of < 1x10 5.7x10'5 3.1x10'' 5.0x10 1.5x10 1.1x10 6.5x10'#containnent failure - ,

Ixessure boundary ;

definition

~

canditional containment < 0.1 0.78 0.78 0.78 0.78 0.78 0.78 |failure probability - ~

'

Pressure boundary
.. definitim *- _..

~

i

a. Venting not taken into . wit. .
b. Fwe c=ial goal, with final . definition of "larga" still tzder staff consideration.-c

!

see " Definition of contairsment failure" in preceding text for definiticn.c.
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. Table 19.9-2 (contirned)**

Intl Hamnt curve stI muni cave
EERI AINR Bequinsnests Goal Pilaria Seabtbok Watts Bar Pilaria Seabrook htts Bar

Core damage fregmncy < 1x10'5 7.3x10 3.9x1'f 6.5x10 1.9x10
-5 5 ~5 4 ~ .4x10 8.3x10'#41

4 -5 -5 4Oxtalrunent failure < 1x10 4.4x10 2.4x10 3.9x10'5 1.1x10 8.4x10'I 5.0x10'I
W ility - dose

,

definition

GF; Goal

Oxulitional cantalinnerst < 0.1 0.60 0.59 0.60 0.60 0.60 0.60
failure probsbilitdose definition ' y -

a. Venting not taken ir.to account.
b. See " Definition of omtairanssit failure" in precedity text for definiticm.

!19-164i
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Table 19.9-3 Staff Dstismates of Uncertainty in the Risk Mansures for Internal Events

lec Quantitative Health
Safety Cools Goal 95th _ 50th Mean 5th

Individual risk of early < 5x10'# 1.0x10* 4.2x10* 1.6x10* 1.7x10*
fatality :

4 #Individual risk of < 2x10 3.0x10'" 1.0x10'" 4.5x10* 3.2x10
cancer fatality

4 4Probability of large < 1x10 5.3x10 4.9x10* 7.4x10* 3.4x10'"
release.(one or p
early fatalities)

HHC ALMR Recuirweents

4 4core W fregtsency 1x10 2.5x10 5.7x10'# 7.5x10'I 3.4x10'#
4 -a 4Protability of < 1xid 4.0x10'# 6.4x10 1.1x10'#' 3.9x10

,

containment failure - '

Pressure boundary
definition

Canditional caritairument < 0.1 0.70 0.11 0.18 0.05 I

failure probability -- '

pressure W
definiticn '

a. venting not taken into account.
b. Fwpuaed goal, with final definition of "large" still tader staff consideration.
c. See "Dafiniticn of containment failure" in preceding text for definiticn. .
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Table .19.9-3 - (acath7
~

v

IIRI AINR Remnizilemts _fpal_ - 95th' 50th _ Mean . ' Sth

Oute damarys frapaency -<1x107 2.5x10 5.7x10'# 7.5x10'# 3.4x10'#4
*

Probability'of- < 1x10 - 3.'4x10'I ' '5.2x10 8.9x10 3.1x10
4 4 4 4

cxxtalrunent. failure - '

dnam definition

i

GE Goal

canditional ocatalrument < 0.01. :0.56 0.09 0.15 0.04 i
failure prr*wehilit '

&oe definition ' y -;,
:
?

'i
P

: -

.

>

!

F

|

i a. Ventirq not taken into annr==t.

.!| b. See " Definition of costalrusent failure" in prmrwatruy_ tact for definitico.
i :

t'
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O ble 19.9-4 L Staff Bstiastes of the thacertainty in the Risk Measures for Seismic Events, for the Pilgrim
L Site,~.using the IINL lanzartl Qarve.*-'

DEC Qtaantitative Health
' Safety Goals GC '95th - 50th' Mean 5th 1

'

#" 4 ~ #Irdividual risk of 'early- '< 5x10 2.3x10 4.'Ox10 " ' '3.1x10 - 5.1x1U'":

' fatality

4 4 *Irdivirkuni risk of ^ h10 5.5x10 .3.7x10 ' 8.4x10* ' 1.1x10* I

cancer fatality'-

4 4 4 # #Prr*mhility of large < 1st10 - 2.6x10 3.6x10 1 3.2x10 1.4x10 j
release ~(one or morearly fatalities)' e i'

i
i

4 4 4 -5 -8Oxe damage fregineticy < 1x10 1.7x10 2.5x10 2.9x10 1.0x10
4 4 4 ~5Pimbability of. ' < 1x10 1.4x10 1.9x10 2.2x10 6.5x10* ,

containment failure -
Pressure boundary !
definition

I.obnditional cxmtaisussit < 0.1- 0.89 0.77 0.77- 3.65 '

failure ,= : 0 ility --
pr - nw boundary
definiticm *~ ;

!
's. . ,a. Venting not taken into amr==st.

b. hW goal,.with final definitica of "large" still tsder staff consideratim. ;

See " Definition of cxmtairunent failure" in primading text for, definition. -c. '

'
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Table 19.9-4 (oortinued)*-

EPRI AIHR BeGilitments Goal 95th._ 50th plean 5th

-5 4 4 -5Cote W frequency < 1x10 1.7x10 2.5x10 2.9x10 1.0x101
' 4 4Prttability of < 1x10 8.6x10'' 1.3x10 1.6x10''' 5.3x10*

contairunent failure -
dose definition

2 Goal

conditional corh. < 0.1 0.75 0.58 0.58 0.36
failute pubebilitdose definitim ' y -

i

,

4

:

!
a. Ventirg not taken into amruwt..
b. . . See " Definition of contairsment failure" in preoerliny text for definition.
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KEY
1. Individust risk of early f atality. 6. CCFP - pressure boundary cofinition,
2. Incividust rien of early fatality.

, ,
3. Procacility of one or more

early Intetitles * a proposed goal. e * mean (everage).
4. Core camage frecuency (comparoc * * m ' O l ' "-

5. Drocen i ty I centainment f ailure . 8 eeUrnate (unmodliled Coel0nb
pressure councery esfinition. NOTE: This fleure continued se Figure 19.9 2.

Figure 19,9-1 Plot of internal and seismic events risk results (NRC
Quantitative Health Objectives and NRC Al.WR Requirements).
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KEY
NOTE: This figure continues from 9. CCFP - dose definition.Figure 19.9 1. - T ' 95- th psrcentile.
7. Core damage f recuency (compared 1 * 5 th percentile,

to EPRI goat), a = mean (average).
8. Procability of containment failure . m = median,

cose definition. * = g oal.

O = GE's estimate (unmodified design),

Figure 19.9-2 Plot Of internal and seismic events risk results (EPRI-Al.WR-
Requirements).
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Tab!c 19.9-5 naarription of the Risk >=mits.
'

..
;

NHC QuantitativeL r

. Health Obiectives Statsumert .!
|

*

. . .

. LItallvinkel risk . ' The mean estimate for internal events is . one order of mayaltante belait ttse goal. ;
-,

; 'of earlyj 'belcat the goal. The noen estimate for- The width of the distributies la andarata :fatality =al==lc events is below the goal. - for internal events'and wide for selsenic . j
4-

' 1herefore, the goal'io met in both r=aa=. events. Botta distributions a2s =Ir==ed '

Goal: < 5x10''- Both uncertaint; distributions are well tesanrds the lauer. tail (smaller values);
i

balcar the goalt for internal events, the hence, the bulk of encia distritmation is .jtyper boisul is, five orders of maptitude closer to the lower bound, far belona the
|

r

belont the goal; for selsenic events, the goal.
!sqper boinut of the unoettainty range is-
i
,

s
Isx11vi& al risk The mean estimate for internal events is twicertainty range is two cr-ters of (of cancer . beloit the goal. *ihe seen estinate for septitude belant the goal. 1he width of 1fatality selsenic events is belcer the goal. ' the internal events dim *=*lons is !

,

Therefore, the goeJL is met in both <==aa. rearrtw cat the width of the selsemic events4Goal: < 2x10 Both uncertainty distribe*Rens are well distrimution is moderate. Both jbelant the~ goal; for internal events, the distributions are eheued tammartie the lower i; typer boisu$ of tho' unourtainty range is tall (semeller valises)i the taalk of each ;i
four orders of magrtitante balcar the goal; . distribution is far beloat the goal. i!for seismic' events, the esper boisul of the

i i
'

:g
i Probability of . The mean estl2sete for internal events is 1he width of the intnwal events . Ilarge relaman beloit the goal. The seen estimate for. distribution is unremrate and the width of(one or more malamic events is belcar the goal. - -the selsemic events distribution is wide.,

! early therefore, the sym1 is met in both <====. Both distributions ana mInsued tammards the'

fatalities)*- The nascertainty distrit=*im for internal louer tail . (seia11er wlues) . ' In the :

;

events 1.s well.below the goal. The selsenic events distribution, the position,

!4
! Goal: < 1x10 uncertainty distributlere for seismic of tine' mean, andlari, and sqper tail : ;events is lamartiately below the goals (sheunese) relative to the goal simyges;ts ';thois$n the typer tall of the selsemic that the taalk of tha distributicri is below !

events distributicut is imma41stely above the goal'with the typer tail toix:hing the .|'
the goal, this ,_4 a samall fraction
of the distribution.

'. goal.
_i

[

FxW goal,' with final definition of "large" still tmder staff consideration. |
! a.

^

$
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Table 19.9-5 (contirased)

NRC MMR Dem Stata==it i

Ioxe rum-p. The seen estimate for internal events is interral events distribution is narrou and f
frequency beim the goal. ~1e seen estimmte for the width of the salmaic distrilution is -!

seismic events is belm the goal. , arAarate. The martimmt and seen indicate j4Goal: < 1x10 1herefore, the goal im set.in both smaa=.- that the interrini events distribution is. t

the amoertainty distributica for internal synenetrical while tha selenic events [
events is well balcw the goal. 1he distributi m is ak= =rt tamarde'the' lower i
uncertainty distributim for seimeic - tail.'(amm)1er values). 'In the selsenic' !

L events is imenrtiately balm the goals events di:2tribution, the position of the i
thou@n the sqper tail of tho'maimmic mean, martian, and typer tail '(skeunees) : j

! events distribution is tumartistely abme relative to the goal suggests that the _!the goal, this represents a ==m11 fractics bulk of the distribution las below the goal .. |
; of the distribution. The width of the with the sqper tail touddng the goal. !
e
i Probability of For internal events,.the seen'is belou the width of the seimmic events distribution j

cxmtairement goal, anying that the goal la met. Pbr . is unrtarate. 1he inbornal events i

failure - seismic events, the moon is above the distribution is symmmetrim 1. The melannic |preneure goal, . saying that the w=1 is not set. events clistributim is ehewed tr=rde the !
>

; boundary The internal events distribution is Islw fouer tail (mmm11er values). - ?n the [
3 definition the < ial. The metanic events distritmtion seimunic events distribution, the median |'

br*nkyn the gnals '.the sqper tail of the being 1-artiately above the goal indicates !4
i- Goal: < 1x10 distributien is several orders of that abrut half of the distribution is !

I magruittado above the goal. The width of above the goal and about half is belm the !
the internal events distribution is narrow goal. !

[ adtile the
; ;

conditional The moon estimate for. internal events is events distribution is wide and the width I'

contairment abowe the goal. She mean estiente for of the seimmaic events distribution is ;
i failure seismic events is above the goal. narrow. The internal events distribution i
j probability.- Therefore, the goal is not est in both is eksued truanade the lower tail (sen11er ;

;. pressure raama. Ihm uncertairty distribution for values) and the seismaic events '

bourdaty internal events bridges the goal with most distribution is ayemetrical. In the
definition of the distribution being_above the goal Internal events distribution, the' median4

! ' m1y the;1cuer tail is below the goal. being s119stly.above the goal suggests
'

Goal: < 0.1 :1he selsudc events distribution is far that the bulk of the distributico is
above the goal. The width of the -Internal c11<Atly above the goal. ,

i r
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Table 19.9-5
(oontimed) '

i

HEI AINR Deq Statement

core damage ' Pbr internal events, the mean estleste is width of the seisumic distributim is
fregtency belw the goal, saying that the goal is e rate. 1he internal events distribu-'

met. Ebr selmunic events, the mean tim is . ,n"aical and the seisutic events4
i Coal:< 1x10 estimate is above the goal, saying that distribution is skewed towards the lower
[ the goal is not rnet. The uncertainty tail (smaller values). In the selseic

distribution for internal. everts is belm events distributim, the marilan being
the goal. 1he smoertainty distribution below the goal and the skewnaus suggest

3 - for seisatic events bristrre the goal; the that although the bulk of the distribution
_ upper tail is one order of ungnitude above is below the goal, a fair ammoet is above

,
"

the goal. The width of the internal the goal.- ievets distribution is narrw ard the
i

Otmtairement Pbr internal events, the mean estimate is width of the seimmaic evets distribution
failure- below the goal, saying that the goal is is arxlerate. 1he internal events
probability - met. Ebr seiamtic evets, the mean distribution is syuumetrical. 1he seisunic

! dose definition estimate is above the goal, saying that evets distribution is shewel towards the ;
; the goal is not met. Ytse moertainty lower tail (sumaller values). In the - '

4Goal: < 1x10 distributim for internal events is below seimatic evets distribution, the mdian
the goal. The uncertainty distribution beira imunediately above the goal indicates !

,

for seismic events bristys the goals the that about half of the distribution is
ugper tall is two order of magrtitude above above the goal and about half is below the 1

; the goal. She' width of the internal goal.
events distribution is narrow and the ;

t

:

!

[
;

, . .

k
~

r
E

, .
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Conditional '1he mean estimate for internal events is 'Ihe internal events distribution is skewed
contairunent atxwe the goal. :'1he mean estimate for towards the lower tail (smaller values).

'

failure seismic events is above the goal. 'Ihe seismic events distribution is
probability - 'Iberefore, the goal is not met .in both synenetri m l. In the internal events
dose definition c ses. '1he uncertainty distrilmtion for distributim, the median beirq slightly

intermi events briW the goal with most below the goal indiates that about half
Goal: < 0.1 of the distribution beirq above the goal; of the distribution is below the goal; but

atly the lower tail is below the goal. the mean above the goal and the skewness
'Ihe seismic events distribution is far suggest a large amount of tie distribution
above the goal. 'Ihe width of the internal above the goal.
events distribution is wide and the width
of the seismic distribution is moderate.

i

!

t

t

t

!

,

?

,
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Table 19.9-6 shcws the inpact of the~overprussure protaction systas en:

the cumtalment failure probability and the canditional contalment
- -

failure probability. As prwicusly stated, ventirq events have been
.. included as a partion of the ocnditicnal ocritairment failure
p-- :hility. . He-intend to esparate these issues in the FSAR. - Q11y the-

doen definiticri of ocritainannt failurs (i.e., rMility of a doom of
_ 25 run at 1/2 mile frtaa the plant) was used in oceputire.the table. . In

-

Table 19.9 4,- using the done definitica of contalment failure, the
Isthactimi in the contairmant_ failure pWhility and the CIFP due to the

i- overprammare protectica system was = insignificant fcr intarmi overtt and
EQrt prtmounced~ faga emimie gVents.

<

'

,

S

'
,

4

t'

.'

I

d

e
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4
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. 'Ibble.19.9-6 Staff Estimates of Oortalment Failure Prtbability ard Corditional cartairmurt Failure
Prtbabil!Iy Showiry the.Effact of the Owpassure Protection Systen. .

.

Interm1 Events Seisalic EWnts

No No
Measure Goal Ventim Ventim Ventim Ventim

4 -s -a 4 4Cbntairunent < 1x10 8.0x10 7.6x10 4.4x10 3.2x10
failure (tmC's.
prtbability - dose
definition < 1x10?

(EERI)
:

Oonditional < 0.1 0.14 0.13 0.60 0.44
contairummt
failure
probability - dose
definition

.

.

e

|

!

4
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In regards to the inpact of the evacuatico ard sita aceqticns in the
meismic events analysis, the staff calculated scrae of the risk weires
e-A, with other values of these assucpticos.

Evacuaticn asstecticn. O.trrently, the staff's calculaticos are
done for an average sita (averaged ocnsequenca results of the
Salem and Zicn sitas) with 0 percent svacuaticn. Achiitional
calculaticns, based cn an evacuatico amirrticn of 99.5 percent,
were performed for the average site. IndiW A=1 risk of early
fatality for 0 per -nt evi:uation is belw the goal (see Table
19.9-4); eereas for the 99.5 percent evacuaticn, this risk
maaetra estimata decreased about tm erders of magnitude further
bel w the goal. IndiWemi risk of cancer fatality is virem11y
uncharged for either arracuaticn assu::pticn. 'me distrilttien of
the prttability of cne or more early fatalities is slightly
overlappirg the goal; by assumirq 99.5 percent evacuaticm, this
risk wanetre estimata decreased by about cne order of magnitude.

Site asametien. Currently, the staff's r=1miaticos aru dcne for
an average site (averaged ccnsequerce results of the Salem and
Zicn sitas) with rc evacuation. Additicnal calculaticos were done
for a high omsequence sita, the Zicn sita, ard keeping the
eracuaticn ==mpticn at 0 percent. IndiW & ml risk of early
iatality is beim the goal (See Table 19.9-4); by ==="4rg the
high cmsequence site, this risk maamire estimata ckubled, but it
is still bal w the goal. Again iniiW&ml risk of cancer fatality
is balw the goal and remained unchtiged. 'me distributicn of the
probability of one or more early fatalities is touching the goal;
by a===4rg the high consequence site, this risk measura estimata
doubles, but this is still of ro acreern.

In regards to the CCTP, a careful ocaminaticn must be made of the
factors going into its estimation. 'me CCFP is defined as follcws:

19-177
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I, f, Whefe CCTP :[legtgDCY Vel {t d
'

gCCIP -
. lailure probability.

-

1 T: Cole damage litqueDcy.
P : conditiona containment

f allule plo] ability.
i containment fallate

mode,

1: accident class.

>y ;

'me curzwit icw value of CEFP was achievai by elimimting, through the
design of the Amst, threats to the ccritaiment, such as hya, 4
ocabustion, core debris directly_ ccritacting the shall (known as liner
maltthrough), and basemat failure. - . 'me remaining threats, t sucts as rapid
pressurizatiert frtan direct contairmerit heating and fuel / coolant -

interaction, are largely id- e to type
aantainments. = censidering thces sequences that still cocur but do not
cause a failure of the acritaiment, the rechactions in the cerP we
a limit,-defined by those sequences that camot-be addressed through e

design. It is apparent that the CCFP bactnes an increasingly difficult
amasure to interpret as the ccam damage frequency beacons small.

9.5 chnclusions:

L .!he staff concludes that the NilC's quantitative health'

; mafety goals for the individaal risk of early fatality and
_

~'

individal risk of cancer fatality almg with the goal of _ J
4-1X10 /yr for the probability of one or ante early

fatalities can be amt for both internal and seismic events.
' Die staff further believes that these conclusions would
still apply even if the ocntalment threats rii=* in
Secticris 19.6.4.2.1,' 19 .4.2.3, and 19.6.4.2.4,-and
conclusions 1.(b) and 8 (c) of Secticri 19.6 were found to be
significant primarily zuceuse of the very law core damage

- frequencies predicted by GE and the staff.. Table 19.9-5 has *

an inteur.3 tion of the taicortainty that was calculated in
- these risk namouras.

~ 2.- '!he staff concludes that for internal events,:the NRC AINR
goals of 1x10* for the mean care damage frequency and
=1.Cac10*/yr for the ccritaiment failure pudibility
(pressure boundary definiticrt)- can be ast. 'Ihm staff
believes that for soissic events, the mean ocre damage
frequency is met while the contalment failure probability
(pressure boundary definitim) goals is not met. 'Iha mean

-19-178
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conditicral omtalment failurn critaricri of 0.1 would not
be met for either internal events or saismic events (see.

Section 19.6.5, Omelusicm 1. (a)) . Table 19.9-5 has an
interpretation of the uncertainty that was enlm1= tad in
these risk anamnes.

3.
'2ha stay /yr for the acre riamwyn frequency ard 1x10*/yr rf cancitdes that for internal events, the EERT cpalsof 1x10'
the acrrtaiment failure probability (dose definiticn) cnn be
met. D a staff believes that for animmic events, the goals
azu ncfc ast. D a CCIT of 0.10 is not ast. Table 19.9-5 has
an interpretaticrt of the uncertainty that was calcx11ated in
these risk maamarres.

4. Da staff believes that the CCFP goal (S 0.10) in SECY90-
016 - (Raferenos 19.4), v4.d as a uma=Tre of the plant's
defense-irM, would very likely not be met given the
uncertainties ==~4ated with estimatirq the goal (sea
mal *4rwt 19.9.4) .

.

s=

bus

s-g
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19.10 OPM TIINS

"open items" in the rwiew of.the PRA can be dividui into fcur
categories - - cxmfirmatory items, staff m cdes, deficiencias, and
interface requirements.

>

"Omfitnetcry ites" are defined as areas ears the staff does not
noosesarily disagree with GE's _ submittal, but a&liticmal--

clarifimtien er desastraticri_is required.

" Staff A 7dcms" are defined as areas ears the staff does not
agree with a specific manarical value or omiculation in GE's
autaittal, and has substituted its cun value or analysis to -

investigets the sensitivity of the results to this value or
calculation.

" Outstanding itses" are defined as itms more the staff (a).
'

Mw with the sutaittal, (b) requires adiitimal supporting
documentation,. and/cr (c) has not yet otspisted its zwiew and
' evaluaticm. -

"Intarface requirunents" ext defined as armas whicta aust be
ocnfirmed for a specific replication for. a == Men permit.

-- '
'Iha open itans found-in this rwiew ars ===arized in Tables 19.10-1
through 19.10-4.

,

a

S

1

~
.

;

|

|

.

1

~)-
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Table 19.10-1- Ctnfinpeten f Itasc

c:nfirmatory items are chfined as areas were the staff does not meily
disagree with E's admittal, but additicnal clarification or descostratim is
rapired.

1. 2 e PRA d - station eWhibits inconsistancy with rumpact to its
functicrality far the ICRV event, in that the event trees are ocatect,
but the acco unying tact is ambigmus. (See diaa=ian in Secticm
19.3.3, "Succ As Criteria", pngs 3S-23.)

2. Additicmal investigation is curruntl* underway to dotarnine the logical;
minima injection f1w to the veneel needed to avoid acre desage
follwing a vessel-isolaticn event cxmpled with failure to scrae and
failure to prwide poison injectim. Preliminar/ calculations indicata
that a flow rata of 800 gpa fri:n a MPCF train alcan may' nut be
sufficient to keep the water led above the top of the active fuel for
the above scenario. - Mannhile,- the staff has used GE's =- critaria
for the Mi1V cicmare event in its requantification of the A2WS-induced
sequence frequencies. Housvar, if the final thammi-hydraulic
calculations descmstrate a need for two ar more trains of the high
preneure injectica systans (that is, more than an 800 gpa f1w reta) to
avoid ecce damage for the above scenario, then the overell ABNR core
desage frequency and risk oculd increase significantly. (See diammien
under Section 19.3.3i - **- Critaria," page 19-24.)

- 3. - E ahculd prwide d esentaticm en the justificaticm regarding the
applicability of catt.ain generic casucm cause/acds-failure data to AIMR
' design-specific cxmponents (the diesel generstars,- the HPCF pumps,. the
17CF pays, and the RHR heat matangers) involved in the systen '

unavailability undeling. = - (See diammaion m$ar M4rm 19.3.6.1,
"Hartbare Ami4sh41ity Data Analysis,a page.19-27.)

4. E should prwide justificaticat rugarding the applicability of GESSAR II
design informaticm to the Amst design (en a train basis) for use in test
land maintenance data. analysis. - |(See diamanicn under Secticm 19.3.4.2,
"Past and Maintenance Data Analysis," page 19-28.)

5. Be staff has ocncluded that E has developed a reamenable plan to use-

infonnation and insights gained frtan the HRA to apart the
systeeVaparational design. De ==**ility of any insights realized
frta the HRA however, aust await further design developnent. (SeeSecticm 19.3.7.2.12, page 19-36). 3

1

6.- | 2 should prwide the calculaticos it performed to show suppressica pool
flashing follcwing ventirq does not lead to significant fission product
releases.- (See Secticn 19.7.4.3, page 19-140)

~
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Table 19.10-2 Staff Correcticns

.S*.aff c.w4 dens are defirsd as arsta Mure the staff &es ret agree with a
specific ruerical value or calculaticn in E's submittal, and has substituted ,

its cwn value or ardysis to irr'wtigata the serisitivity of the resalts to
cnis vilue or calculaticn.

1. GE has prwided neitner highlights of the A!Ht design irprovemunts in
the bala'en of plant (IcP) systems ncr applicable referarcas to much IcP /ingsvam."rts in the A!H1 PikA to sgart the estimata of caly one reactar
trip per year, Wiich is icuer than current mManoe in the U.S. tim
to lack of design details at this st& p , tL aff has usai cne event -

per year for the less of feedwater frmann ed cne event per year ter
the MSIV closure event frequency in itu awIow of the AEiR PFA. Unless
E can p: wide acre justificaticm, the staff firds its own estimatas, I
rather than E 's, to be am v iate at this design stage. (See

'

Parwg.[2. 2 of Section 19.3.2, " Initiating Event Fritpercy," page
19-21.)

2. GF,8s estimate for the inadvertent Cpen rHlief valVS (I@V) frequency iS
abcut 0.01 per yeactor-year. 'Ibe staff rotas th:t this estimate is
substantially lower than the value (0.07 per reactor-year) used for the
Limerick plant (Beferwce 19.23). GE has tot prwided detaCat
<b%tica regarding any design imprwenants made to the multi-stage
ntlief valves to be installed in the futurn to sqport this lower
unruliability value. In the absence of evideren to thu contrary, the
staff has used a higher value (0.1) far the ICRV event for its
irdependent assessment. (See Paragraph 3 of Secticn 19.3.2, " Initiating
Event Frequercy," page 19-22.)

3. '!he staff does not agree with tla treatment of class II sequences in the
_

ABWR 19A. More than 86 peroe% of the Class II sequerces are type (1)
events, Attich have already mployed fi:n watar as the cnly available
means et icw pressure core cooling. Fcr these Class II events,
therefore, it is ocnsidermi vrang to give credit to fire watar cnce
again fo?. lowing loss of corn cooling in the amternic crritainment event
tree. (See Secticn 19.4.3.1.3, Page 19-55, Secticm 19.4.3.5,
pegn 19-O , and Saction 19.4.3.6.1, pacp 19-71.)

4. '!he staff noted that GE did roc explicitly analyze ccntainment venting
in the AIHR 59A. men giving credit to ocntainmerit varr.ing, the staff
value for mean anrual frugtrney for Class II events was reduced by an
order of magnitude to 5.7 E-07 as exmparmi to the ACHR PRA value of
4.8 E46. (See Secticn 19.4.3.6.1, page 19-70.)

5. 'Ibe seismic capacity of the fuel assemblies was calcQ4ted by GE as
corm +cis31rg to a center deflecticn of 55 un, at whid. ram can be
achieved. Ikvever, the nament conap.ulity to this defles. N is ret
the c:ollapse ucrent as used in the calculaticos. It is same ralue
between the yield accent an1 the collapse roaent 'Ihareforr the raiian
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ultimata capacity of the fuel awelies is less than the raiian value
of :. 39 In a sensitivity stLdy, the staff has used a value of 0.929
median capacity to estimata the wh=1t sequerce frequercies. (SeeSection 19.4.3.3.2, page 15-60.)

6. Althcugh the AIMR PfW riport states that the median capacity of large,
flat-bottom storage tanks is 2.lg with 8 of 0.45, the cnly tank used in
the seimic system aralysis is the fire ,atar tank, with a genericw
assigned median capacity of 2.89 ard a 8, of 0.45. '!his makas the HCTF
capacity eqtal to 0.98g. Experience witn design ard actual performarce
of these larve yard tanks is that this high capacity is not generally
achieved. '1herefore, use of a maiian valta of 1.43g with a HC1JY
capacity of 0.50g was made in a sensitivity analysis. (See Section19.4.3.3.2,nrge 19-62.)

7. E 'ias assigned a median capacity of 2.5g with a 8, of 0.45 to the diesel.

generators. Utis means that the IcPF capacity is abcut 0.8ag.
Although diesel generators by theenalves have high seismic capacities,
the peripheral equipnent regaind for the diesel generators to operata
can havs icw capacities. Therafare, the staff ocncludes that tim diesel
generator fragility is rather optimistic. In a latar sensitivity study,
the staff has assigrad a urh icuar capacity (madian of 1.5g and HCIPP
of 0.479) to diesel generators in acknowl=+p=narrt of Icwor carwacity
ccarpenents in the system. (See Sectical 19.4.3.3.2, page 19-62.)

'the seismic capacities assigned to active electrical equipnerrt in the8.
structural failure node e.ru generully higher than the specific
capacities calculated in prwicus eefsmic NAs. Ibr example, the inPF
capacities of motor control centers, ralay switches, and battary ard
battary racks apear to be too high. (See Secticn 19.4.3.3.2,
page 19-63.)

9. '!he staff has initially includes within the cx:ntainment failure category
those events whers the werpressurn protectlen 3,ystan actuates within 24
hours. In the final SER, We interd to separata the venting issues,
since we do not automatically view ventirg prior to 24 hours as
ccritainment failuru. '!his will affect the final values of conditionalcontainnent failurs probability. (See Secticn 19.9.4, page '19-1M.)

10. IINL sM mic hazard curve vill be used in the soismic analysis. '!he
staff's analysis used the , vr, hazard curve, which generally prwide a
auch higher core damage frequ w than eithee the GE or the Em.I curves,
tile the latter two curves giw cise to corw dunge frequencies of
abwt the sans nagnitu$e. However, +be urcertainty ranges of the 11NL
curve are large and errrrpass the oth No carves. (See Section
19.6.4.1, page 19-105, ard Gacticz1 19.9.4 prye 19-158.)

11. Credit was taken for the firewater systaan in both the Inval 1 ard the
Inval 2 portions of the mA, instead of just in the Isval 2 aralysis asdid E. The staff took credit for preventirn core drrage with the
firuvatar ailiticn system in Laval 1. If corn darwpe ocxmrs (Isval 2),

19-183
|

|

.



.- . _ . - . - _ . - _ _ . . ._ -

,

then the firewatar systen cr.uld not have been avn11ahle to paygg coru
damge, hence, it unlikaly to be available to arrest a cers salt in the'

runctor vessel. However, latar in the accident kwaassion, the staff
took credit for arrestin; an ex-v===1 a:n malt pws-sien ha an==
thars is more time available to restotw the firewster systan than for
the indvessal situatim. (See Section 19.6.4.1, page 19-106.)

12. ADE will be treated as a lata ocritairment failuru or to centainment
failure, irstand of as an omrly containannt failure (internal events)
ard lata containannt failure (seimmin events). E's treatment was
apparently dcoe because the frugasocy of the class IV accidents b
=nali, less than 2 percerit in 2's intarnal eventa analysis. Rius, they
wars conservatively grt:uped with other sequerces udch resultad in the
largest release of fissicri protacts (early ocritainment failuru).
Hcm.m.ver, sirca its traquercy in the seimic events was significantly
higher, 60 ;=wd., 2 perfomed a zers thorough analysis, Wars most of
the sequences risulted in lata containment failuru. ma staff estimtad
fracticri of the A2WS sequenons to be higbar than E's estimates the
lartyer fraction warranted further attxty of the progrissiu1 of these
accidents, W)ich showed n===ptions differing frm those of 2 in their
CET analysis, stamning differirq views of wih t progressicru. Rai

accountirq of the A2WS seques.ous has an effect en the results of the cT
analysis. (see caction 19.6.4.1, page 19-106.)

.

|
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Table 19.10-3 Cutstaruiirg Itms

Cutstandity itma an itams whern the staff (a) disagrees with the mdwittal,
(b) requins aMiticnal agertirn @=<staticm, ard/or (c) has not yetotmpletal its twiew ard ervaluaticn.

1. E nust justify the use of RPS rullability estimtes for the Clinten
facility in the ADHR THA. (See Paragrath 1 of Secticn 19.2.1, "ABNR
Safety Syst m Features," page 19-6.)

2. E nust evaluata the inpact of the partial and/or total failure of the
support systes en plant trips as applicable, incluiirg mihaurwit
der =At failures of the mitigatirg systes readed to prwide a vossal
coolant rakaup function ard/or contairment heat rarnaval function. (See
Paragraph 4 of Secticn 19.3.2, "Initiatirg I vent Frequency," page 19-
2.2. )

3. E nust prwide an accident analyses of postulated interfacity ICCA
events as applicable to the AWR design. (See Paragraph 7 of Secticn
19.3.2, "Initiatirg Event Frequency," page 19-23.)

4. E nust prwide results of accident analyses of IDCA events outside the
containment (in particular, steam line breaks in the RCIC stamm pipirg
and the NWCU lines) in crznbinaticn with failure of the isolation valves.
(See paragraph 8 of Section 19.3.2, "Initiatirq Event Frequercy,"
page 19-23.)

5. E nust prwide justificaticn to m?;part its claim that the train-level
rather than WWmL level cumen arde failurn analysis captured the
full ccastribution to ccamica mode failure pWh411ty. (See diar = =icn
under krticn 19.3.5, "Systm Modelirg," page 19-26.)

6. E nust justify the use of Isliability data fce the mechanical failure
probability of the ER pung and the failure prtbability of the HPCF punp
(See dimmaico urder Section 19.3.6.1, "Hartharu Reliability Data
Analysis,a page 19 27.)

7. E nust prwide the HRA-relatad rhwntaticn used to evaluate the
approach (es) taken to mial humn actice in the AWR TRA. 'Ihm
hw=ntation aust inclu3e the followirq fcrt ov.h humn actico redelled:
an apprtpriate task analysis, a descriptien of how the am v iate HRA
analysis unethod(s) ware implacentad, a di%== ion of what performance
rodels and perfccnance shaping factors were used, and how humn acticns
were quantified (HEP determined). (See Section 19.3.7.2.1, page 19-31.)

8. E nust descrite how each identified HRA mthod is utilized to develop
ech irx11vidual HEP in the AWR TRA. (See Section 19.3.7.2.6, page 19-

! 34.)
|

|
I

|
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9. E nust pIwide a cercise dimmicn of the use of generic data sourms
for IEP estiraticn. In militicn, E nust justify the use of these'

generic sources of human arror data which are had upcn sirple nanual
control tasks for the acnitorirg ard supervisory cxmtrol tasks of the
AIHR cperator. (See Section 19.3.7.2.9, page 19-35.)

10. E nust prwide the rusults of lEP uncertainty ard/or sensitivity
analyses perforund in support of the AENR WA ard prwide the critaria
that were used for performirg such analyses. (See Secticn 19.3.7.2.11,
pena 19-36.)

11. E nust parform an uncertainty analysis to address the uncertainty in
the relative ocntributicra of the varicus initiatirn events to the total
coru damage frequency. (See Secticn 19.3.10.1, prye 19-38.)

12. E nust perform a severe accident fire analysi% (See Secticn 19.4.1,
page 19-50.)

13. E nust factor the drywell-wtwell bypass into the cps ard prwide an
analysis of the bypass givirg ccrsideraticn to such matters as (1) the
basis to support an allowd leakage arma, (2) the basis to support an
m=c+=4 leakage area durity the course of a severe accident M the
vamm breakers would be required to perform several times in a severe
ardu-4., and (3) uncertainty in the bypass leakage ficw rata. (See
Section 19.6.4.2.1, page 19-113.)

14. E must justify the cuerpressure protecticn systan and, given the
syntam, the pressure Iu11af setpoint, takiry into account 6:wnside
risks. E must carry cut the mq analysis of the effects of
drywell/wetwell bypass before ocnclusiens can be rected that the system
has a net berufit from a risk perspectivg. (See Section 19.6.4.2.2,
page 19-118.)

15. E sust perform an analysis of the risk reducticn naamiatad with the
passive flocdar system, takirn into account factors such as (tut not
limitad to) the possibility of it failirs to quench core debris, the
benefits of keepiry the arua in the icwer drywell above the cx2re debris
cool, and potential for fuel / coolant interacticos. 'Dn analysis should
ecosider whether to intredaos water into the icwer drywell in a
controlled or us.uhulled manner, hcw fast to intrnhw the water ard
then to introduce the water. (See Section 19.6.4.2.3, page 19-126 ard
Section 19.7.4.2.2, page 19-145.)

16. E must address the threat to contairinent integrity frtxa a core /
conczsta interacticn in the event that oore debris is not quenched by
the overlyiry water pool. 'Ibe influerra en the scuru terms due to
ocntirued ocrcreta attack rhauld also be ad:iressed (See Se:: tion 6.4.2.4,
page 19-128 and Secticn 19.7.4.2, page 19-145.)

17. E nust nodify the TPs to taka into account the followirq severe
accident phencrena ard severe accident features: EG, fuel / coolant
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intatscticn, ocotimed core /wavta interacticri, pool bypiss, ard
vamn breakar effects. E shculd perfom unoartainty aralyses
a-4ated with these phencuena. (See Secticn 19.6.2.1, page 19-99,
Secticn 19.6.2.2, page 19-100, and Secticn 19.6.3, page 19-103 and
Sectica 19.6.3, page 19-102.)

18. E nust include, as part of its overall analysis, a treatmarrt of
uncertainty since large uncertainties att inherent in these calculaticrw
(See Secticx1 19.6.2.1, page 19-99, Secticn 19.9.3, page 19-155, Secticn
19.7.2.1, page 19-133, Secticn 19.7.2.2, page 19-133, .C :ticn
19.7.4.2.2, page 19-141, and Secticn 19.9, page 19-178) .

19. E nust proviJe an evaluaticn of the probability and oanse:penons of
ocntalment p=r-tratico ifnes or ocntairuent isolatico valves fallirg
durirg a seismic event. (See Secticn 19.4.3.8.1,.page 19-76.)

20. E nust provide a systmatic a=aamarit that identifies plant and
suca.hlre vulnerabilities utww) the plant ja in waaa other than full
power. (See Sectica 19.3.4, page 19-24.)

21. E nust prtnide (1) a list of systes that were wdalayecraidared in
the AIER HW but are rot part of the AIMR oertified design, (2) a
hiption of any risk significant asstmptiens for these systes, and
(3) the ama==4 reliabilities for the systas. (See Secticn 19.3.5,
page 19-25.)

22. E nust provide infomation which describes (1) bcu HW insights were
used in the AIHR design prr = ==, (2) what AIHR design featurns, if any,
were included as a result of HW insights to r*= risk significant
sequences ard phancmens, (3) how plant cperatirg experierce was factomd
into the AEHR Hm, ard (4) htv HW insights were used to address severe
accident thenomena. (See Secticn 19.11, page 19-190.)

1
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Table 19.10-4 Interface Paqairu:ents,

. Interface regairements aru ceniiticns Wich are specified for th:me particm 1

of te plant for Wid GZ does ret seek certification. mese requirments
nust be adiressed by an iniividaal applicant ido referenons the ABNR design in
an application for a cxrstructicn parmit\cperating licerse to ensure that the
site and design cacpatible features satisfy the functicnal performarce ard I

safety requirements of A!HR syrtans.

1. Ctnfirm the estimate of the Icst of AC power event, address site-
specific parametars (as irdicated in the staff's licensing review basis
h==qt), sud as specific causes (e.g., a severs storm) of the Icss of
power, ard their iW cn recovery of AC pcWar in a timely fashicn).
(See Paragraph 5 of Secticn 19.3.2, " Initiating Event Frequwry,a
page 19-22.)

2. Pwvide h*=qtaticn Wich describes the matarial ard/or analysis that
were used to support the plant v ific HRA. mis aboald incitda the
following armas: detailed furrtien ard tan.k analysis (utilizing ABHR
staffing goals ard staffing thilosophy), w itre gMrialines, controlc

rcom chasign, ard work staticn and display design. (See Section
19.3.7.2.2, page 19-33.)

3. Provide h- 1tation Wich 6 in detail the human-systan
analyses used by the HRA team to support the plant-specific HFA/PRA.
' mis abauld include the following armas: detailed ta .k analyswa
irrhding task reqairments en the operating staff, their interfaces
with plant systes and %=its, ard any time constraints for critical
task acocrplishment. Also, GE did not anlain how these analyses
supported the inclusicn of human acticns in the PRA event ard fault
trees. Finally, GE did rot describe the use, if arry, wt a tactnique
sud as screenirg analysis to help identify inportant human acticos.
(See Secticn 19.3.7.2.3, p39e 19-33.)

4. Provide hwantaticn, ircluding the supportirg task analysis, Wim
describes the nedellirq of human actions related to the advanced
techrolcgy of the ADHR control ard instrumentation. (See in Secticn19.3.7.2.5, page 19-34.)

5. Prwide hwantaticn Wich W how perfomance shaping factors
(PSFs) were utilized to develop each indiviacal HEP in the plant-
specific PRA. (See Sectica 19.3 7.2.7, page 19-34.)

6. Prwide additional hwantaticn en the advan:ed technolcgy aspects of
the ABWR perscn-rechine interface, ard the human reliability analysis
results, criterin, or guidelines that were used as the basis for
autcratirg operator furetions so as to charge, if not practically
eliminate, the cperator's role in systan cperaticn md resp:nse to

| potential abnomal events. (See secticn 19.3.7.2 %,. page 19-32.)
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7. Prtwide MNtion Wticit justifies the use of GESSAR II M human
error petbebilities in the plant-specific ABWR WA. (See Section

-

19.3.7.2.10, page 19-35.)<

8. Perform a site-specific design verificaticut for the truly "extamala
events, mach as extamal floods and transportaticri hazards, for Wtich no
analyses can be parteneut at this stage. (see mac+1m 19.4.1,
Page 19-50.)

= 9 .- - murform a prebebilistic risk analysis for intarial floods. (See section
19.4.1, - Page 19-50. )

10. Ocssfirm the ==w malmic cepeelties for w . d s and structures for ;site specific applications and incorixreta the ;

ammapticris ir, the ABWR design specifications. generic esianic fragility(See Section 19.4.3.3.1,
- paga 19-54, 61, and M i~i 19.4.3.3.3, pages 19-60 to 19-45.)

11. Perform an evaluation of the potential far mai-imindm:md soil
<

failures, sucts as liquatection, differurrtial esttlement, ca alope !

stability for site specific aplications. me sol-in PRA should be
modified accordingly. (see section 19.4.3.3.2, pages 19-$9 ard 19-64 to
15-61.)

.

12. Perform a walkdown of the final constructed plant. Se unikdcun should
include an maamme wit of potential mai-in vulnerabilities, . uacts as
marginal anciamengs of agtipment and groes deviations frtsi the design
h-ves, are spatial syntamm Antareeticris, such as operstars being
diambled das to the failure of the ccritrol suspended ceiling in a
aalmir event. (see Section 19.4.3.3.2, page 19-45.) S e m ita h at
should also ocmfirm that the assumed seismic cepecities are met or
M far sita specific a p liantions. (See a=+i=1 19.4.3.3.2,
page 19-44.)

13.- Develop dotarainistic and rMilistic sita specific ::esponse spectra
for all sites. Demonstrate that the seismic design respczine spectra for
the plant envelope the dotarministic site specific respcries spectra and
the probabilistic sita_ spectra used in the AIBR Mtk. If the site-
specific dotarainistic or rM111stic *:ssponse spectra asemed the
spectra asumed in the AIBR M, perform a plant-opecific seismic m to
ocesfirm that the daninant segnancas identified in the AIBR PRA have not -

been significantly altered. (See section 19.4.3.3.2, page 19-45.)
t

14. Crmfirm the asismic cepecities assigned to active electrical equipment
such as motor contzul contars, relay switcties, bettery and bettery racks
in the site specific A15R M. (See Secticut 19.4.3.3.2, page 19-43.)

15. . Duncnstrate that the applicant has designed encts system (i.e., systmas
modeled/ considered in the AI5R MtA, but not part of the AI5R omrtified

. design)- to nest the systma reliability requirunents ani risk significant
assumpticris prtwided by GE. (See section 19.3.5, page_19-25.)-
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19.11 CUK:11EICIG

As was stated in the intrtdocticn, the rwiew of a IPA is tot tpverned by
explicit formal critaria. So PRA ard its waluaticn are used to a=*a==, in a
realistic rather than otmervative manner, the safety profile of the prtposed
&tsign as expressed in terms of the fregaancy of severe core w irknts,
the corsequences of a s[ Le of such accidents of varyirg ties, and
the integrated risk to the pablic, the uncertainty in these parameters, and
insights into the safety profile. In addition, a IPA ard its waluaticn can
be used to help make deterministic jtep-i ts of the safety of a proposed
design.

Se staff's rwiew focused significant attenticn cn the goality of the a
rather than on insights dwalcred frm the IRA. Se staff bellwes, however,
that knowledge of how IPA insights were employed in the AWR design
underm.m.s the significanos of design features which aliminata deninant
centribators to the estimated cori damage frequency and offsite ocnsequences,
ard facilitatas a balancing of pzwventive and mitigative design featurns. De
staff therefore requires E to provide information which thr-ribes (1) hcw IPA
insights warm used in the AWR design prrr===, (2) What ADWR design features,
if any, were included as a result of PFA insights to r*= risk significant
sequerces ard phencatena, (3) hcw plant operatug experience was factored into
the ABRR PRA, and (4) hcw IPA insights were used to addrtsa severe accident
;bencuena. Stis is an outstandirg itan.

m e staff also believes that use of PBA insights may be beneficial in
resolving open items which have been identified frm the review of other SSAR
chaptars. m aruform, the staff expects 2 to employ IEA insights, where
feasible, to sqport issus twoolution.

Se staff's ::wiew of the Imel 1 analysis of the core damage frequency due to
intarmily generated events uncxwaxed a rm*=r of deficiencias (See Section
19.10 abcNe) . Given the existence of these deficiencies, E's analysis has
somewhat underestimatai the acre damage frequency. Marmoser, the
identificaticn aid ordering of the set of sequences which ocnstituta the
principal ocntributors to the core damage frequency are suspect, since surtert
systan failuru initiators aru missing. It does appear, however, that the
intermilywratad core damage frequency is quita low. In additicn, the
analysis did mc find any highly &ninant wir%t sagaence < ta .

me staff rwiew of the Inval 1 analysis of the core da:aage fregaarcy due to
external events also unccNered a rumber of problems. Mast notably, 2 has not
submittad a probabilistic analysis of internal fire initiated ~4rhat
sequences. Sus, thezu is to realistic (as coposed to bounding) analysis of
intarnal fires, ard to stata:ents as to the relative importance of these
segances in the makeup of the total core A=ye frequency can be made. It
does appear, hcuevar, that the AWR design Wms ocnsiderable seismic
margin at the 0.3g design basis earthquaka level. Se actual seismically-
irduced core damge frequercy will have to be calculated for specific
applicaticns, since it is highly sita dependent.
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'Ihe staff's tuview of the Irmi 2 ard 3 analyses has iniicated that nere
effort by E ard the staff is rma%r1 before it can be cercluded that the
savare w4% sequences for the AIER plant have been sufficiently analyzed.
'Iberefore, the aderpacy of the level of defense-in-depth prwidal for in the
ANR ccntainment systen design cannot be ccarlusively jtdyed at this time,
based cn the informaticn subnittad. Majcir issues aret (a) the absence of an
urcertainty analysis present an incorpleta picture of the with c

sicn; (b) the 11mitad size of the containant event trees; (c) systanru
mode.ls have not been fully supportad, such es the effe:ts of watar frun the
fircrhr systan cn care /cancreta interaction in regards to the pedestal
intsgrity are ura.ustaint (d) the assurrpticns in the aralyses treat accid-It
sv#sassicn events differwntly, i.e., corw/carcreta interaction, thus causing
differences .in risk results ard potential accident managment strategies.

Notwithstarding the immm described ab:ne, the follcwirg statments can be
madet

(1) According to E's analysis, the CCr? goal of 50.1 which is
interded to prwide insights into a plant's level of defense-in-
depth is met for intarnal events, whereas the staff's rtogh
urcertainty calculaticn indicates the menn value to be 0.13, the
95th pert:entile to be 0.70, ard the 5th pertantilo to be 0.05.
Notwithstardirg a questien as to whether the ABRR roets this
specific cpal, the staff's analysis irdicates that implicaticns
drawn based cn this os? goal need to be caratully ccnsidered. It
is pcmible that a plant with a very Icw total core rkaya
Crequercy may rct meet the 0.10 goal because Icw frequency thrnats
to the ocntairmant are difficult to rule cut ard could cause the
CCF7 to exceed the goal of 0.10. Since the ABRR plant's cars
darrage frerpency is estfuated by E and un to be very Icu, the
abcne cxnideraticns need to be addramaad, especially when
conclusicrs regardirq the plant's level of defense-in-depth is
baln; considered in light of this goal alcne.

(2) Based cm the staff's limited source term analysis, the staff
believes that the ADWR design oculd have difficulty meetirx; E's
critaricn of no ocntainment failure (i.e., 25 run at the bourdary)
beform 24 hours.

(3) 'Ihe staff believes that mitigative systans such as the lower
drywell passive ficx:dar system ard the ocntainnent cuerpressure
protecticn systan shculd be designed to perform their function
with a reascnable arount of ccnfidence if they are to be
cz:nsidered viable lines of defense. Specifically

'Ibe design of the passive flooder systan ard the lowero
drywell shculd be such that degradaticn of the pedestal wall
from a cor2/c 4arseue interacticn ard possible damage trun an
ex-vessel foel/ccolant interacticn does rot v.wsuaise the
integrity of the wall ard, hence, pose a threat to the
cx:ntainment.
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o the cuerpressure protection systas, Wtich is designed to
'

-

provide for a acetrolled release of scrubbed flas:.cn
petxhacts, abould aereas the bypnas flows frun the drfall
to the wetwell airspace, including the desip of the
drymil/wetwell spray system.

(4) The irtiivi&aal risk of early ratality and individal risk of
canone fatality calculated for both internal and ma4-in svents by
a and the staff wers orders of angnitude below NRC's @antitative
health.aatety goals, sinos similar zusults for internal events
were also found in NRC's NURID-1150 study (Rafersnos 19.62) for
the BR Peach Botta and Grand stif plants, it would ,W to
indicata that notwithstanding the importance of meeting theme
goals, conformanos with thane geals alc m does not necessarily ;

indicata an improvement in risk for the AIMR design CNer that of '

several generations past.

,
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