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enl ool 1O assess the QCgret o which PRA
; _ L in Secoon 19.6, the PRA was used
substanually inlluer g uring the course of the review of this PRA, the NR(
requested tha , h operatung experience was facwored into the design and
the wavs 1n whic) VRA inlluer i the design be described. This description s

provided here
19.7.1 ABWR Design and Operating Experience

The design of the ABWR covered a period of about 12 yeara, from 1978 w0 1990
The world wide expenence of several co mpanies including ABB-Atom Hitachi, Toshiba
ANM and GE was used o establish the onginal design. The K6/K7 project whicl
followed that effort embraced in more detail the expericace of TEPCO, General Flectric
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uring the design process, methods were e pi syedd o ensure that operaun
ekpenence was factored ihto the design. These are sumn'a ized in Subsecbon 1. 8.8
pRrucularly Table 1 8.22

1972 \l arly PRA ‘ntv ies

PRAs were used extennvely in the early design effart for making design decisions
This has resulted in millions of dollars of cost savings without compromising the plant
salety. Several key studies are summanized here

ng dystems

A core cooling sysrem optimizanon siudy was performed. This study enabled
the core cooling and heat removal functions o be combined and the towl
ber of CLS divisions o be reduced from 4 to &, resulting in significant
{ 821 s

A RCIC reliability study was performed. This study enabled the elimination
|

of one high pressure core cooling system by upgrading the RCIC systein
reliability

A BWR risk companson study was performed This compared the core
damage frequency for BWR/4; 5, and 6 plants with the ABWR and identified
the importance of modifying the ADS lugu o nigate on low water level

This change improved the ABWR salety significantly for transient event
sequUences




2) ‘lcu d‘w ty Control

' Two studies, namely, ABWR sc-am system reliability and scram sysiem

l unavailability with alternate rod insertion enabled the incorporation of a les

I expensive ATWS miugauon sysiem in place of alternate 41 system proposed
for an earlier design. This change also results in significant cost savings.

| %)  Instrumrentatbon Studies

An ABWR instrument reduction study and reliability assessment enabled the
eliminaton of 60% of the sensor instrumentation in the reactor safety
systems without impacting plant safety. Other studies performed have
identified significant cost reductions in the ABWR multiplexing sysiems and
other Instrumentation systems.

4) Control Red Drive Improvements

The carly ABWR ATWS design was based on utlizing the capabilities of the
new fine motion control rod drives (FMCRD) to meet the intent of USNRC
ATWS Rule 10CFR50.62 for improvement of hydraulic scvam reliability.
Adoption of the FMCRDs provided improved scram reliability by eliminauon
of the scram discharge volume, which i1s a common mode failure point for
current H\*\"P.sicing the locking piston-type CRDs. The scram reliability goals

were met withdut use of the Alternate Rod Insertion (AR!) valves specified in
10CFR50 62, Boweder, subsequent PRA studies showed that adopuon of the
ARI valves in the design would provide a further substantial reduction in the
pr()bahtﬁq of ATWS. Since the cost of adding the ARI valves to the desgn at
| that tmée was minor, it was decided that their incorporation into the design

l was appropriate

-

The FMCRD brake mechanism is provided to prevent a rod ¢jection in the
event offa break of the scram insert line. As a result of PRA studies, the
design Was changed from the centnfugaltype brake used in the early design
to the current electro-mechanical-type break. The PRA studies indicated that
the brake design had (o be fully testable on an annual basis 1o meet the goals
for rod ejection frequenfy. It was determined that the electro-mechanical
brake degign was casier o test, and would not have any impact on the ant

, outage critical path.

6) RIP Trip Study

‘ The reliability of RIP power supply was evaluated. The probability of
\ simulianeous trip of all RIPs was calculated. The obi'cc ve of this study was 1o
| asure that the probability of an all RIP trip event is low enough to classify
such an event as an accident. The study resulled in a 4-bus configuration for
the RIP power supply. In addition, motor generator sels were adopted o
prevent an all RIP tnp event from occurring following a loss of AC power.

| 2
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e CTG can supply power 10 nuclear safetyrelated equipment if there is
compleid failure of the emergency diesel generators and all ofimie power. Under this
condivon, the CTG can provide emergency backup power through manuallyactuated
Clase | E preakers in the same manner as the offsite power sources. This provides a

t diverse sdurce of onsite AC power

} (¢) Low‘q Drywe!! Flooder

e lower drywell flooder floods the lower drywell with water from the suppression
pool during severe accoidents where core melting and subsequent vessel failure occur
Several pjpes run from the vertical pedestal vents into the lower drywell. Each pipe
contains§ fusble plug valve connected by a flange to the end of the pipe that extends
into the lbwer drywell In the unlikely event that molten corium flows to the lower
drywell floor and is not covered with water, the lower drywell atmosphere will rapidly
heatup. The fusible plug valves open when the drywell atmosphere (and subsequenty
the fusitde plug valve) temperature reaches 200°C. The fusible plug valve is mounted in
the $=rtidal position, with the fusible metal facing downward, w facilitate the opening of
the valve when the fusible metal pelting temperature s reached. When the fusible plug
valves ¢ pen, cuppression poo) water will be supplied through the system to the lower
dwicll quengh the corium, (O%t the corium and remove corium decay heat. The
result will be a reduced drywell tethperature and pressure from noncondensable gas
generatich  There will be less chance of overpressurizing the containment and

incgeasing leakage. The lower drywell looder is a passive injection system. No operator
ac:?n is required
)

(d){Contaunment Overpressure Protectuon System ‘

comtainment integrity is threatened, this pressure will be relieved thirough a line
conpected o the wetwell atmosphere, by relieving the wetwell atmosphere to the plant
stack. Providing 4 rehief path from the wetwell airspace precludes an uncontrolled
containment failured Directing the flow to the mct provides a monitored, elevated
release  The relief lipe, designed for 150 psig, contains two rupture disks, in series, which
open al a pressure above the design pressure but below the Service Level C capability of
th?onminmc L If overpressure occurs, the rupture disks will open; and pressure is
relieved in a manner that forces escaping fission products to pass through the
SUppression }mol. Relieving pressure [rom the wetwell, as opposed 1o the drywell, takes
advantage of the decontamination facior provided by the suppression pool. After the
containment pfcuug has been reduced and normal containment neat removal capability
has been regained, the operator can close two nermally open airoperated valves in the
reliel path (o reestablish contaiament integrity. Initiation of the pressure relief system is
totally passive. No power is required for initaton or operation of the pressure relief
funcuon for an indefinite period

(c)(&cismic Capability of Added Features ‘

't If an accident occurs which increases containment pressure (0 a point where

After the above added design features were fu’nhcr developed, additional PRA
studies were performed {otusing on seismically initiated events. The combustion turbine
generator is not seismically qualified so no credit was taken for operation in the analysis.
The other three features have relauvely high seismic capacities. Most of the
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acdndependent water addition system is seismic Category | and has three pumping
sources. ac-dripen pump, direct diesel<driven pump and a fire truck. The balance of the
svstern consistol pipes and manually operated valves which have relauvely high seismic
capacity tompared (o many components in conventional safety systems. The lower
driwell flooder is virtually invulnerable (0 a seismically induced failure (pipes and valves
whose likoly fajlure mode would probably introduce water to the lower drywell). The
overpressure protection systém is seismic Category [, and its faflure should not prevent
the relief function provided by the rupture disks

(3) Emergency Procefure Guideline Improvements

edure Guidelines (EPGs) were improved in several areas. Two

Bmergency Pr
here

cx’mpl\n are descn
(a) Accident Preventign ’

In a high fractian of seismically initated station blackout sequences, diesel
enerators are available to sipply power to pumpsin the heat removal system but lower
oltage power for necessary valves operation is not available beczuse of transformer
wiure. The vansformer selsmic capacity is less than that of the diesels. However, the
ecessary valves can be opetated manually under many of these conditions, and this

capability will be reflected iT the detailed procedures to be developed from the EFGa.
‘
(b) Acordent Miugation

' FPGs developed for earlier BWRs call for the operator to fill the containment to

the lpvel of the actve fuel if the reactor vessel water level cannot be determined or
unvEt be maintained above the top of the actve fuel. Fgr an ABWR plant which has
undgrgone a severe agcident, this strategy can be improved. Filling the containment to a
lower level is appropriate for two rcasons. First, noncondensible gases in the
contginment arg compressed to a lesser degree and containment pressure s reduced
wm}ucd to thq cariier strategy. Second, glling the containment to a lower level avoids
flooding the coftainment overpressure protecuor system and the potential for
subsequent damage (o system piping if the rupture d -k setpoint pressure 13 reached
Theretore, the operator is directed to fill the containment o the level of the botiom of
the reactor vessel. In the very long term, for post accident recovery and clean-up
operations, it would probably be necessary Lo increase containment water level to an
\cwuun above the top of the active fuel. !

(

) Humah Actibn Overview

J Late in the process of prepanng the PRA, human actions were summarized and
sitivity studies were preformed. An overview of thig procesa is provided in
Secton 1911,

(4) Furthe lmpl‘ovcmenu

Subseauent to the above described improvements identified early in the
rruﬁcanon effort, several gther improvements were identified and incorporated into the

esign. ,
¢
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CORLAINMENT preasure ca 111 3 { onorele was added wo the lower drywel
" ne p

: ¢ gas gencraliol w! h could result o core

I&Imag

fire PRA studjes (Appendix 19M) the capability to control

ves lrom the remote shutdown ymxt' was improved

ol PRA studies, several

:‘inu\('na(";{\ o1 d‘]‘}sfgnl:.a.
re e the Pv)'f nual for intermal Hw»’i\l,x (0 DOM 2
significant th Ihese addivonal features, which are shown in Table 19R.6-1 include

| 1
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Kisk Assessment studies conducted for the Advanced BU\'-"‘H Water
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PiUgale subsequent consequences
insedd above were conducted by examining the plant design and
pany different perspectives and thus are judged to constitute a thorough
VK TRAL ocedure ‘'vuinerab.lities.” No prescopuve atltempl was made to
define the term vulnerabilites in this context, 1t being judged the better approach to give

engineers expenenced in many disciplines a wide lautude in identifying potental
weaknesses and ther
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dealing with each issue as it was raised case by case

LConduct of the PitA Evaluauons

|4

Al

addinon the PRA was condu ted in accorgdance with the Key \_ﬁh,amp(:\'m and
Grour <"r;1¢'\ developed under the Advanced LighgWater Reactor Program. This
document was developed with input from many individuals experienced in PRA
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