ENCLOSURE

UNITED STATES
NUCLEAR REGULATORY COMMISSION
WASHINGTON, D C. 20666

May §, 1992
NOTE T0: Jack Duncan, GE
FROM: Glenn Kelly, NRR, npt/y)guw\ ) 4[/ e
SUBJECT: CLARIFICATION OF NRC REQUEST AND GE COHHI‘"ENT TO PROVIDE WRITE UP
TO THE STAFF CF ABWR PRA NESIGN INSIGHTS

During a conference call May 4, 1992, you indicated that you woulu 1ike to
confirm what the staff requested regarding a write up on PRA design insights.
Al the March meeting between the staff and GE in San Jose, the staff requested
that GE provide a discussiun of PRA design insights from the ABWR PRA. GE
verbally indicated it would provide such a write up. In particular, the staff
menticned (he following areas:

What is the PR+ telling us about the ABWR design?

How was the PRA used to identify potential vulnerabilities and which, if
any, were found?

What is the balance between prevention and mitigation in the ABWR?
How is the FRA used in RAP?

How is the PRA used in shutdown risk?

What does the PRA tell us about what needs to go into ITAAC?

How 15 the human error analysis to pe included into the control room
DAC?

Compare ABWR vs. BWR dominant sequences and why they go away

I hope this Tist is helpful to you in respending to staff’s request. If yau
have any questions on this list, please call me.
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PRA AS A DESIGN TOOL ~- DRAFT

Note: This would go in the main Chapter 19 report after measurcment against
goals matenial,

19.6.10 Probabilistic Risk Assessinent Use as a Design Tool

In addition to its use as a measurement tool to assess the degree to which PRA
related goals weze satisfied, the PRA was used to substantally influence the design.
During the course of the review of this PRA, the NRC requested that the way in which
operating expericnce was factored into the design and the ways in which the PRA
influenced the design be described. This description is provided here.

19 5.10.1 ABWR Design and Operating Experience

The design of the ABWR covered a period of about 12 years, frota 1975 -« &,
The world wide experience of several companies including ABB-Atom, Hitack £
ANM and GE was used to establish the original design. The K6/K7 projec:
followed that effor: embraced in more detail the experience of TEPCO, Gec i wlect
Hitachi and Toshiba.

During the design process, methods were employed to ensure that operatin

expericnce was factored inte the design. These are summarized in Subsection I.S.g.
parucularly Table 1.8-22.

10.6.10.2 Early PRA Studies

PRAs were used extensively in the early design effort for making design decisions.
This has resulted in milliors of dollars of cost savings withovt compromising the plant
safety. Scveial key studies are summarized here.

1) Core Cooling Systems

A core cooling system optimization study was performed. Thir study enabled
the core cooling and heai removal functions to be combined ard the total
number of CCS divisions to be reduced from 4 to 8, resultirg in significant
cost savings.

A RCIC reliability stucy was performed. This study enabled the elimination
of one high pressure core cooling system by upgrading the RCIC system
reliability.

A BWR risk comparison study was performed: This compared the core
damage frequency for BWR/4; 5; and 6 plants with the ABWR and idenufied
the importance of modifying the ADS logic to initiate on low water level.
This change improved the ABWR safety significanty for transient event
scquences,
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Reactivity Control

Two studies, namely, ABWR scram system reliability and scram system
unavailability with alternate rod msertuon enabl (‘(‘ the incorporation of a less
expensive ATWS mitigation system in place of alternate 4A system proposed d
for an carlier design. This change also results in significant cost savings

Instrumentation Studies
An ABWR instrument reduction study and reliability assessment enabled the
eliminaticn of 60% of the sensor instrumentation in the reactor safety
systems without impacting plant safety. Other studies performed have
identified significant cost reductions in th» ABWR muldplexing systerns and
other instrumentation systems.

Control Rod Drive Improvements
The early ABWR ATWS dmign Was .uurc. on utilizing the capalilities of the
new fine motion control rod drives (F 11,‘RD' 1o meet the intent of USNRC
ATWS Rule 16CFR50.62 for improvement of hydraulic scram reliability
Adoption of the YMCRDs provided improved scram reliability by elimination
of the scram discharge volume, which 1s a (Crr"'T“'\ mode failure point for
arrent BWRs using the locking piston- t.‘ . The scrarn reliabrity ,,,ums
ere met without use of the Alternate Rod mmtmz'. (ARI) vaives >pcnﬁrd in
CFR50.62. However, subsequent PRA ,m"'\ showed that adoption of the
\L\I valves in (h“ design would provide a further substantial reduction in the
}'.’W"\:}»n ty of ATWS. Since the cost of ad ," ng ) ARI valves 1o the d"\l"": al
that time was minor, it was decided that their incorporation into the design
was appi ",'H.\'.C

49

FMCRD brake mechanism is provided to ;~'c-\'*:';£ a rod ejecuon in the
vent of a break of the scram insert linc. As a result of PRA studies, the
changed from the centrifugal-type brake used in the ¢ arly design
lectro-mechanical-type break. The PRA studies indicated that
'n hiad to tw fully testable on an annual basis to meet the goals

.

| [requer It war determined that the electrosme=chanical
rake desi gn was easier to test, and would not have any impact on the plant
ountage u‘-:ua] path

19.6.10.8 PRA Studies During the Certfication Effort

As part of the ABWR certification effort, the PRA was further used to improve the
design. This effort was first ’rp;»:u:'d in the 1991 Px'm):.\?'\i!.mu Safety Assessment and
Sf.«t.;i;"e':;:-cv L('\-“ft'zcr.it' An AC-independent water addition system and a combustion
turbi )_‘, or were added to reduce the probability of core damage. A lower drywcell
flooder an ? nlanment over pressure protection sysiem were added to mitigate the
eflects of » unlikely event that such damage should occur. The studies

mprovements are summarnized here
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(1) Inidal Probabilistic Risk Assessment

The initial PRA effort for ABWR Certification indicated that ABWR had abunda:
means of preventing severe accidents and mitgaung their consequences and that the
g als could be satisfied. However, key insights gained from this effort led to the selection
faddinonal features as described in the h llewing paragraphs

I'he core damage frequency from internal events was determined to be about one
event per million reactor years of operation. Although this result was very favorable, the
core dnll.ds(‘ frequency was dominated by station blackout. A simple, "acsindependent
water addition systern” was added to the design. The cost impact is quite small since only

a few small lines and manually operated valves are added. A combustion turbine
generator, required by the Eicctric Power Research Instituie Advanced Light Water
Reactor Re?qmcx' nty l rogram was also added to J\( design. These features virtually
eliminate station blackout as a contributor to core damage, decreasing the frequency by
an order of magnitude

In other evaluations, it was determined that if molten core material were present
in the lower drywell, it would ablate the reactor vessel pedestal in the region of the
wetwell /drywell vents, aliowing suppression ;n.»ol water to enter the lower drywell. This
would quench the corium and terminate coreconcrete interaction, nons ondensable gas
generauon and drywell atmosphere heatup; all favorable effects which lessen the
potential to fail the containment funcuon. However, it did not seem prudent to take
favorable credit for a rather uncertain process. Earlier conceprual studies had idenufied
the concept of a "passive drywell flooder \\h:( h could be relied on with much greater
uncertainty to produce the desired [avorable effects. Since this was a low cost system
(several pipes and thermally activated valves) it was added to the ABWR design

e drywell head was found to be the most probable failure location si.ould the

rized to a point well above the design pressure. If such an unlikely
ducts co 3(1 be released without the benefit of

ol scrubbing. Fission pr ct retention in BWR suppression mew has
» be very beneficial in 'r‘l icing the amount of fission ;,-t(-\!‘x.”s released

. "
ment. Even before specilic numencal calculations had been i"”“'““"“
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s of a device that would relieve containm t'z{‘ ressure wtrougn the
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suppression pool »\'TC‘(lwt ent ineretore, a containment over pressure rcict teature
t t

was added to the design to accomplish this function.

Examination of dominant scvere accident sequences indicated several
A

which the Emergency Procedure Guidelines could be iraproved for the ABRWR

:
\
Prevention of accidents can be Improvead i seismic imitateq loss of offsite power events

instructing the operator to manually operate heat removal 8 n valves L ransformen
oss has made k\ WET :~:.)(“ﬂ.x'.1-\ n« 08¢ valves ‘.L“.P\ ssible. Ac ..‘.“"_ T 1‘;'_:.?\*.'»!\ can be
ed for -\V*‘\'F accident sequer in which corium has penetrated the rezctor
filling the drywell with water to the level of the bottom of the reactor vessel,
to the i"’:‘ of the active fucl as done for earlier BWRs
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(2) Feature Descriptions and Resulting Benefits

As a result of the studies summarized abrve, four niew features were added to ¢

, v » , : : ; "
(’.Cs:gh to enhance the plant’s performance under severe accident ~onditons. The added
teatures are described in the following paragraphs

»
(3) AC-Independent Water Addition .
Two fire protection system pumps a.’c‘("'nu\‘ad( d ca ABWR: one pump is powered
) o : | p; % -l A . . e B
by ac power, the other is driven directly by a diesel engine. A fire truck can provide a
backup water source. One of the fire protection standpipes is cross~<connected to the
RHR injection linc to the reactor vessel through normally closed. manualls operated
vah s, From this ine, fire protection water can be directed to the reactor vessel after the
reactor vessel hi  been depressurized. Fire protection water can also be dirccted w the
drywell spray header to reduce v pper drywell pressure and temperature. Should drywe)!
head failure occur (an extremely unlikely event, especially given the containment
overprassure protection trature disc ssed below), use of drywell spray alse reduces the
release of volaule fission products from the containment
(b} Combustion Turbine Generator
A combustion turbine generator (CTG) starts automancally, It is automatically
loaded with sclected invesunent protection loads. Safety-grade loads can be added
manually. This pr vide; diverse power if none of the three safety grade diesel gencrators ‘
are avallable.
The CTG is a standby onsite nonsafenr power source to feed permanent nonsafety
loads during loss-of-offsite power events. It is not seismically gqualified. The unit also
provides an alternate AC power source in casc of a station blackout event
The CTG is designed to supply standby power to the three turbine building (non- 3
(lass 1E) 6.9 kV buses which carry the plant investment protection loads. The CTG
>matcally starts on detection of a voltage drop to about 70% on its downstream bus
When the CTG is ready to synchronize it automaticalls assumes the 6.9 kV bus loads
CTG failure will not affect safe shutdown of the plant. The unit is not required for
safety but is provided to assist in mitiga ing the consequences of a station blackout even
. . - . 1 3 N N
However, che plant can cope with a station blackout without _.e CTG. "
The CTG can supply power to nuclear salety-related equipmen: if there is
complete failure of the emergency diese! generators and all offsite power. Under this
condition, the CTG can provide emergency backup power thr ough manually-actuated
Class-1E breakers in the same manner as the offsite power sources. This provides a
diverse source of onsite AC power
(¢) Lower Drvwell Flooder
The lower drvwell flooder floods the lower drywell with water from the suppression
pooi during se e a lents where re mt¢ anc subsequent vessel latlure occur
-{“ "'\I }':;,‘C‘ ruan h‘ m (,‘I“_‘ Vverlca ".‘\".'_' 5t : vintis 1into . ‘ Wel :‘,f".'k{_‘," ‘ al ‘ ;,:,E)L
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contains a fusible plug valve connected by a flange to the end of the pipe that extends
into the lower drywell. In the unlikely event that molten corium flows to the lower
drywell floor and is not covered with water, the lower drywell atmosphere wiil rapidly
heatup. The fusible plug valves open when the drywell atm osrhmc (and subsequently
the fusible p'ug valve) temperature reaches 260°C. The fusible plug valve is mounted in
the verdcal position, with the fusible metal facing downward, to facilitate the opening of
the vaive when the fusible metal melung iem;n r‘mn( 18 reached. When the fusible plug
valves open, suppression pool water wi | be supplied through the system to the lower
drywell to quench the corium, cover the corium and remove corium decay heat. The
result will be a reduced drywell temperature and pressure from noncondensable gas
generation There will be less chance of overpressurizing the containment and

increasing leakage. The lower drywell flooder is a passive injection system, No operatos
action is required

(d) Containment Overpressure Protection System

If an accident occurs which increases containment pressure to a point where
conwainment integrity is threatened, this pressure will be relieved through a line
connected to the wetwell atmosphere, by relieving the wetwell atmmpntrr to the pna"
stack. Providing a relief path from wie wetwell airspace preciudes an uncontrolles
containm.nt failure, Directing the flow to the stac L, provide; a monitored r.m—atcd
release. The 1o .ef line, desig rd tor 150 psig, containt two rupture disks, in series, which
open at a pressure above the design pressure but below the Bervice Level C capability of
the containment. Il overpressure occurs, the rupture di shs will open, and pressure 18
relieved in a manner that forces escar ping fission products to pass through the
suppression pool. Relieving pressure from " e wetwell, as opposed to the drywell, takes

) i’,agc‘ of the decontamination factor provided by the suppression pool. After the

contair nt pressure has been reduced and normal ¢containment heat removal capability
has been regained, the « }\..x.\ r can close two normally « pen air-gperated valves in the
'rlm‘. path to reestablish containment ntegnity. Ininaton of the pressure relief svstem is

ally passive. No ;’)mncr 18 required for imuation or operation of the pressure relief
unction for an indefinite period
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(e) Seismic Capability of Added Features

After the above added de.ign features were further developed, addiuonal PRA

udies were pe rtcrmed ;‘m using on seismically initiated events, The combustion turbirde
enerator is not seismically qualified so no credit was taken for o peration :n the analyas
'l"rz*: other three featurcs have relatively b igh seismic capacities "“u ac-

inde penaent
water additgon svsiem is seismic Ca \cgu'\ I and has three i \n r4:‘.‘1.{ sources. ac-driven
mirnn

pump, direct diesel-driven pump and a fire truck. The "\1'. ance of the system consisys of
pipes and manually operated valves which have relatively high seismic capacity compar ed
o many compenents in conventional safety systems
invuinerable to a seismically induced faitlure (pipes and valves whose likely failure mode
1.3 1 .

would probably introduce water to the lower drywell). The cverpressure protectuon
system 1§ seismic Category I, and its failure should not prevent f.hc relief function
provided by the ru

The lower drywell flos mrr 18 virtually

pture disks




(8) Emergency Procedure Guideline Improvements

I!'rt’f'lt\S'»N('4 : el EPCs
examples are descnbed here

Accident Prevention

Ina 1‘»;-,1‘% fraction of seismically initiated station blackout sequences diesel
generators are available to sup }\ y power (0 pumps in the heat removal system by lower
voltage power for necessary vilves operation is not as muh because of transformer
fallure. The transformer seismic capacity is less than that of the diesels. However, the
necessary valves can be operated manually under many of these conditions, and this
capability will be reflected in the detailed procedures to be developed from the F™Gs.

(b) Acciden¢ Mitigation

EPGs developed {or earlier BWRs call for the operator to fill the containment to
the leve! of the active fuel if the reactor vessel water level cannot be determined or
cannot be maintained above 'J;c top of the active fuel, For an ABWR plant which has
undergone a severe accident, this st ategy can be improved. Filling the containment to a
lower level is a ppropnate for two reasons. First, noncondensible gases in the
containment are compressed to a lesser degree and containment ;*xrﬁxmc- is reduced
com1

ﬂv»‘

Smc(‘ to the earlier strategy. Second, filling the containment to a lower level avoids
ling the containment overpressure prolection systen: anc the potential for

sul M"(ch( damage to system piping if u-( rupture disk setpoint presst ire is reached
™ |

Therefore, the opcrator is directed | the containment to the leve! of the bottom of
the reactor vessel. In the very long term, fi r post accident recovery and clean-up
operauons, it would probably be necessary to increase containment water level 1o an
clevation above the tdp of the acuve fuel

(4) Further lmptun'rtxé“;ls

ovements identified earl
\ o (Tt 1ve 1 v} . g . :
auon eliort, several other improvements were ide

_\ ,})\f“‘_'ﬁ. tnt to !};(‘ ‘J.-. ve d

ntified and

ine pressure uaw.'h‘! ty to the drywell head was increased to increase the
ment pressure capability. Basalric concrete was added to the lower drywell to
weration which could result if core

i

recauce the pw,t;lf.n. for non cor GAensiDic gas gor
O

|
WATNASC OCCUTS

As a result of the fire PRA studies (Appe x 19M) the capability to control
tomatic depressurization valves from the rems:

J1€

s";u(-._j; YWT };A."a-‘l wWas ‘,(!\}»Y:‘J‘»t(‘.

As a result of the internal flood PRA st ies (later, afier this work is done)

S(‘\C?E\. of the kev safety functuons previously performed manually were a

pe ) S i g ord \
e later after changes are approved)




(5) Summary

Probabilistic Risk Assessment studies conducted for the Advanced Boiling Water

Reactor during the certification effort provided valuabie insights to plant performance

under transient and accident conditions. Although the studies indicated that the
established goals could be satisfied, an acindependent water addition system and a
combustion turbine generator were added to the design to substantially reduce the
probability of a sequence of events which leads to core damage. To reduce .\}'m potential
consequences of a core damage event, should one occur, a passive means of flooding the
drywell with water and a passive containment over pressure relief system were added tc
the design. EPGs were also improved to further enhance the capability Lo prever®
accidents irom occurring and to mitigate subsequent consequences

19.6.10.4 Condurt of the PRA Evaluauons

In addition the PRA was conducted in accordance with the Key Assumption and

Groundrules developed under the Advanced Light Water Reactor Program. This
document was developed with input [rom many incduals expenen ed in PRA

PRA models consisted of fault trees and event trees as described in the “PRA Procedures
Guide” NUREG/CR-2300. Detailed plant models included plant system and equipment
and dependencies ansing from common cavse failure, human error and support system
failure, thus enabling potential vulnerabilities to be identified

1¢
1y

3.6.10.5 Evaluation of Potential Design Improvements

< ¥ ) 1 PPN o - N s At Al
PRA technigues were used in the evaluaton of whether there are additional
noOENt i |

A 5 I —
A.\.l.\‘.{..llA N

lifications which would be cost-beneficial to implement (Appendix
19P) and in the technical

pport of the evaluation of Severe Accident Mitigation Design

Alternatives (SAMDA) for compliance with the National k nvironmental Frotecuon Act

(NEPA). Evaluations used the PRA event trees as a guide [or estimating conservative
1efit m a variety of potential modifications
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