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Preliminary Draft

PRA INPUT TO ITAAC

19X Tier | Treatment of Design Features Identified as Important by the PRA.

As the PRA was being finalized during NRC stafT development of the Final Safety
Evaluation Report, the PRA was reviewed to identify the most important PRA-related
ABWR features. The judgement of several engineers was used to identify those features
and capabilities which are most important in maintaining a low core damages frequency

and in mitgating the consequences of an accident should one occur.

The results of this review are summarized in Table 19.X-] through 4, divided into
4 major categories: Prevention of Core Damage, Avoidance of Suppression Pool Bypass,
Maintenance of Containment Integrity, Minimize Threats from Floods and Fires. For
each feature, reference is provided to the corresponding verifying ITAAC by indicating
the system number followed by the entry number in the corresponding ITAAC table. In
addition, key subsections of Chapter 19 are identified to allow a reviewer to appreciate

the general significance of the feature beyond that identified here.
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Table I9X1.
FRA INFUT TO ITAAC: PREVENTION OF CORE DAMAGE
Chapter 19 (Notrs For Now)

Speofic Feature /Capalwhty Subsecnon TTAAC Reference
Three dmsuons of 1912 Z41(RHR) -1,2.%.8.9. 18
ECCS and decay heat removwal, 1965
ECCS pumps able 10 pump DS s .
saturated water 242(HPCF) -1.2.5. 411,10
RHR vessle impection valve winch [ 19] 3 241 (RHR) - 7
admuis fire water to the RPV and
drywell speay valer have
handwhecls for local manual
Automatic depressurizanon for [ 1912
transicnts and LOCAs
RCIC capabie of operanon for 1912 Number of hours not cntical from PRA
several hours without AC power, [I19E223 mportance wew (because of fire water)
and abshty 10 overnde swiichower 2 4 4(RCIC) - 6 says wolanon fals as s
to makcup water source from on loss of ac. M‘aﬂ&ﬂou.
e 2.12.12 (Dwrect curvrent power supply) -

later

Combustion Turbwne Generator, 21211 (CTG) -1
connertable 1o at lcast onc of
three safety divimons o prowmde
REC power 1 |

ecC




nodd

Fasdlure w0 Shutdown

19313

227 - later by RPR

Later by RPR

1933

2.2 4(SLC” — by RPR
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Table 19.X-2. -
PRA INPUT TO ITAAC: AVOIDANCE OF SUPPFRESSION POOL BYPASS /
Chapter 19 {(Noucs Now )
Generval Capabality Speafic Feature /Capababi, Subsecnon ITAAC
Avosd Unisolatable RWCU |+ Reactor water clean-up Isolavon | 19326 261 (RWCU) — 3. %%c RWCU EQ enery
Break Vaives must be “propefly in Table 3.0 of Tier | material.
quahficd (mncludmg scrsmc)” for
expecied duty
Control Umisolatable * Reactor water sucton 19326 26.1 (RWCU) -4
RWCU Break nozzlc must be at least 5 feet
above the plannod clevavon of
the wop of the active fucl
Coatrol Umsolatabie * Reactor water cddeanup dranm hine | 19326 26.1 (RwWCL) -5
RWCU Break te m o the suchon hne must be
at an clevavon cqual 10 or above
the suction nozzle.
Avoed Umisolatable RHR | » Sewsmucally qualified RHR 1963 See RHR EQ entry m Table 30 of
Break solabon pool sucnon vale Teer | marenal




Table 19X 5.
PRA INPUT TO ITAAC: MAINTENANCE OF CONTAINMENT INTEGRITY

General Capabalazy

Speaific Fratare /Capalnhty

Chapter 19
Sobsecnon

{Notes For Now)
ITAAC Refcrence

Avosd Hydrogen Reolased
Threats

Prowisions to prownde meried
contamment

1966
1968

2146 (ACS) -1

Avoed Contamment
Structural Faslure

Contanmont over pressure
proicchon Systcm with rupiure
disk set-pomi established at

90 psig and nomnzl flow raic of
XXX when contamment pressure
13 YYY (XXX, YYY, later from
CEB)

19243

2146 {(ACS) 5, -6,-8

RD). Setposnt may change

Mimmoze Challenge o
Contamment

I Flooder system: oo

(r-umhtr') vaiues whach open
lower drywell icmperature
excreds S00°F

YYY nommal flow rate per valve
N, YYY iawcr from CEB

Neo ITAAC sconon et

Mantenance of

Suppresson Pool Integnity

RHR hcat exchanger scrsmic

CApRCy
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(hapier 19 {Noics For Now)

!
General (apabainy Specific Feature /¢ apabahry Subsccnon ITAAC Reference
e ———— . J—— e ——]
19Q. larer ’

[ Flooding * Normally closed watcroght door

Later by Mc Wﬂv‘—;}rﬁlrn

between nurtune builting and _

! “ L___va_ e | butlchng tunndi e J ]
1 * Control building lower floor lewel | 190 tater | Later by McSherry, Ehbers
sensors which alarm a4 0 15 mewer ’

and tnp RSW PUmpPs and close J

RSW solation values i affecied !

dmision at 0.8 meter ,

4 ————

* ECCS rooms have waier ughe 190 tater lawer by McSherry, Ehbert

doors whach opcn mto cormdor

* Reactor bulding corridor (Floor | 19Q lager Later, by McSherry | Ehbers

XXX) volume sufficrenly large
5' {YYY culnc MRCICTS) 10 contam

larges: flood source
{ Later by Maxwelt Rafiery




Table 19 X5,
FRA INPUT TO ITAAC: MAINTENANCE OF CONTAINMENT INTEGRITY

Chapter 19 (Notes For Now)
General Capabalaty Specific Feature/Capabihty Sebsccnon ITAAC Refcrence

Avosd Hydrogen Prlated | * Prowisions to prowde meried 1966 2146 (ACS) -1
Threais contamment i968

Avord Contamment . Mmm 19243 2146 (ACS) -5, 6.-8
protcchion sysiem with rupture
disk set-powni established at
XXX when contanment pressure
:’n).m R.D. Setpomt may change.

. ve Fleoder sysiem: No ITAAC sccnon yer
- (mber)\nhavlictopm‘

lower drywell temperatare
exceeds 500°F

~ YYY nommnal flow rate per valve
— N, YYY laser from CEB

* RHR heat exchanger scysmic 19)3 !
Capacity




Table 19X 4.
PRA INPUT TO ITAAC: MINIMIZE THREATS FROM INTERNAL FLOODS AND FIRES

XXX} volume suffic-nily large
{YYY cubnc meters) to contam
largest flood source

Geneval Capabality Speafic Featre/Capabality Subsccnon ITAAC Referenee

between turbane busiing and
t'm. w’ ) m'.

* Comntrol butlding lower floor lewel | 190 later Later by McShermry, Ehbent
sensors whach alarme 21 815 meser
and tp RSW pumps and close
RSW solabon values in affecied
dmsion at 0.8 meter.

* ECOCS rooms hawe waser ught 19Q. taser Lascr by McSherry, Ehben

* Reactor bulding corndor (Floor | 19Q. laser Later, by McSherry . Ehbert

Fere

Later by Maxweli, Raftery

*
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Enclosed is our response to the NRC comments C«3 and 0«8 on the treatrment
of common=cause failures in the ABWNR PRA.

The response conwists of reevaluating core damage frequency with the
addition of common~cause failures at the compenent level in the four
systern fault trees that use redundant divisions or trains. The CDF of
the CCF run is 19.2% higher than the CDF of the (revised) base run. This
increase is not very significant., The major contributors to the increase
in CDF are inter-divieion CCFs of the reacter building cooling vater

system, particularly due to their affect on HPCF and RHR (core flooding
mede) .

| 4
- ‘J, F It o
Frederick i
489

¢t R.P., Raftery




Respenas £0 NRC Outatanding ltems £-3 and 0-§

Outstanding Items C~) and O-8 requested further analysis of equipnent
common-cause failures at the component level. In discussions with the
NRC, it was agreed that an acceptable approsch at this time is to perform
the updated PRA Level 1 requar’ fication without addressing CCF (with no
additional common-cause fa' ., ..), then requantify with compenent-level
CCFs added to see the effe. ¢ on core damage freguency.

CCFs that were already included in the base quantification are:

EST logice backup scram relays
transmission network (MUX) pressure sensors
sensor and transmitter miscelibration APRMs

output logie unit diesel generators
dlgital tris unit batteries

trip logie unit offsite pover source
main screm load drivers safety relief valves

These CCFs were retained in the base run.

Component CCFe for the following systems vere identified, evaluated and
included in the LCF run (in addition to those above)i

HPCF (2/2 trains) (14 components)

RHR Core Flooding Mode (3/3 trains) (24 components)
RHR §P Cooling Mode (3/3 trains) (25 components) *
RECW (internal to each division) (4 components)
RBCW (between Divisions A & B) (6 conmponents)

RBCW (between Divisions A & C) (6 components)

RECW (betwean Divisions B & C) (6 components)

RBCW (betveen Divislons A, B & C) (6 compenents)

These are the systems where component common-cause falilures night have a
significant effect. RPS, CRD, Electrical, and Instrumentation and
Control Systems already inulude component CCFs in the base analysis.

The component CCFs that have been added to the system analyeis include’
pumps, punp cux111|r¥ equiprent, manual valves, motor-operated valves,
check valves, room air conditieners, sparqgers, strainers, circuit

breakers, flow transmitters, heat exchangers, and tenperature elements.

For the RBCW CCFs internal within each division of RBCW, the component
CCFes were added at .pftoprlato places within the fault tree structures.
For all other cases (inter-divisional or between trains), the individual
component CCFs were sumnmed and added-in at the top as a CCF module. The
RBCW interdivisional CCFs were added-in at the top of the fault trees for
all systems that use RBCW,

Component CCFe were identified wherever redundancy occurs in the fault
trees (generally, for ovor¥ "and" gate). The component CCFs were
quantified using the "multiple Greek letter" method, and using the CCr
factors given {n the EPRI ALWR Ro?uiromonto Document., Where common-cause
factors were not given for specific component types, the recommended



"genaric" factors were used. ror those cases, the results should be
considered as "bounding" and are probably conservative.

The numerical results of the analysis in terms of CCFs are given below:

HPCF CCFe (2/2 loope) 2.46E~)
RKR Core Flooding CCPs (3/3 loopr) 1.00E~)
RHR 6P Cooling CCFe i:/) ioope) 9. 78E~4
RBCW CCFe within a divieion (1/2 pumps) 1.8532E~8
RBCW CCFs between Div., A and B (2/2) 6.40E~6
RBCW CCFe betwveen Div., A and € (2/2) 6. 48E~6
RBCW CCFs between Div, B and C (2/2) 6.40E~6

RBCW CCFs betweean Div. A,B and C (3/3) 8.93E~6

The numerical results of this analysis also can be viewed from twe
different perspectives: the effect on system unavailability and the

effect on core damage freguency.

~Base A A Increaas
HPC? 2.331-) 4. 798«) 108
RHR (flood) 9. 6585 1.10E=) 1040
RMR (cool) 2.72E-4 1.258+3 360
RBCW Div, A 3.09E~4 3. 2484 4.88
RBCW Div, B 1.0924 3.248+4 4.85
RBCW Div, € 3.09E~4 3.24E~4 4,08

Effect on system unavailability:

*ccrs within that systes

The effects of component CCFs on system unavailability are significant.
The most significant effect i{s on the core flooding mode of RHR, where
the -{oton unavallability with component CCFs i{s over Il times the systenm
unavallability without component CCFs. The largest contributors to RHR
CCF are common-cause failure of the RHR pumps to start, and common-cause
failure of the pump room air conditioners. Common-cause failure of the
injection valves to open i{s also a significant contributor to RHR CCF.

For the HPCF system, the most significant CCFr contributors are
commen~cause failure of the pumps to start, and mispositioning (closed)
of manual valve FOOS. The reason for the ilrgo CCr of the manual valve
is because of a very high assigned random failure probability (1,0E-2) as
taken from WASH 1400. This is an unreasonably conservative value.

The individuel divisions of the RBCW syctem were not significantly
affected by component CCFs. However, the interdivisional CCFs have a
measureable effect on core damage frequency, as discuesed below.




Effect on CDF:

Syatan CRI _Incraans

HPCF S.6E~9/yr

RMR (fleeod) $E~S/yr

RMR (coo0l) AE=10/yr

RBCW A,B, 4 C +SOE-8/yr i

TOTAL ). 008~8/yr 19,

The most significant effect on COF {s due to the CCrs between all )
divisions of RBCW, This is primarily due to the failure of both HPCF and
RHR Core Flooding, given loss of all REBCW divisions. All other CCrs have
vary little sffect on CDF.

The common-cause fallure of all thiee divisions of RBCW is balanced anmong
common~cause fallure of heat exchangers and common~cause failure of punps
(failing to run), Plugged strainers and temperature control valves
failing closed also contribute to the RBCW interdivisional CCrs.




