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19.1 PURPOSE AND SUMMARY
19.1.1 Purpose

This chapter documents the Advanced Boiling Wa-
ter Reactor (ABWR) capability in response to the
NRC Policy Statement on Severe Accidents (Refer-
ence l)mdmreaponselochBWlecensingRe-

| view Bases (Reference 3) which would be used “or
NRC review of the ABWR Standard Plant design.
Response to the CP/ML (Construction
Permit /Manufacturing License) Rule (Reference 2)
is provided in Appendix 19A. Resolution of
appliabic unresolved safety issues and gencric safety
issues is contained in Appendix 19B. For the most
part, the ABWR capability is documented by prob-
abilistic risk assessment techmques in Appendix 19D
as outlined by Reference 3. Appendix 19E through
19] support the probabilistic risk assessment.
Appendix 19K indentifies appropriate additional
reliability and maintenance actions that are required
throughout the life of the plant so that the PRA
remains an adequate basis for quantifying plant

safety.

Shutdown risk is addressed in Appendix 191 and
19Q. A fire protection probabilistic risk assessment
is given in Appendix 19M. Detailed information
about common-cause failure of multiplex equipment
is provided in Appendix 19N. Appendix P provides
information about the consideration of additional
design modification to reduce the residual risk of
severe accidents. Finally, Appendix K contains a
screening analysis for the potential for flooding to
lead to core damage.

19.1.2 Summary

This analysis indicates that ABWR satisfies the
severe acadent related goals identified in Reference
3. The individual goals are listed in Section 19.6
where the specific manner in which the goals are
satisfied is described. For the purposes of this sub-
section, this information is further summarized and
is organized into three major areas: prevention of
core damage, maintenance of containment integrity
and minimizing off-site consequences.

Core damage is prevented by three divisions of the
emergency core cooling system which incledes the
reactor core isolation cooling system waich can
function for several hours without ac power. It also
includes a reliable and proven reactor depressuriza-
tion system. Feedwater and condensate pumps also
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provide protection against core damage. A gas
turbine is also available as an alternate supply to key
clectrical loads. Although an AC independent
firewater addition system is incorporated in the
design, no credit is taken for it in the calculation of
core damage frequency. The calculated core damage
frequency is 1.6E-7 per year.

Containment integrity is protected by inerting the
containment volume with nitrogen and by providing
a three division heat removal system, maoy compo-
nents of which are operated routinely and thus have
very high reliability. In addition, the containment
design incorporates a containment overpressure
protection system. The probability of containment
failure resuiting from loss of heat removal was esti-

mated at 1.1E-9 per year. Only 0.1 percent of these
cases resulted in core damage.

The probab lity of exceeding 25 rem whole body
dose at one half mile from the reactor was
determined to be less than 1E-9 per year. The
calculated societal risk was determined to be 8.4E-13
and the calculated individual risk was determined to
be 14E-13.

19.1.3 References

1. S0FR32138, Policy Statement on Severe Reactor
Accidents Regarding Future Designs and Existing
Plants, August 8, 1985

2. Title 10, Code of Federal Regulations, Part 50,
Section 50.34(f).

3. Thomas E. Murley (NRC) letter to Ricardo

Artigas (GE), August 7, 1987, Advanced Boiling
Water Reactor Licensing Review Bases.
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19.2 INTRODUCTION

This section provides background and defines the
objective, scope, bases and methodology of the
internal events ABWR PRA provided in Appendix
19D, 19E and 19F. It explains how the analysis was
conducted and the analytical bases for the method-

ologies employed.
19.2.1 Definitions

In this stndy the following definitions are used for
the assessment of core damage and risk, subject to

the emploved methodology:
Probabilistic Ris)

Probabilistic Risk Assessment (PRA) is defined
as the systematic identification, analysis and cal-
culation of the probabilities and consequences of
occurrence of postulated accdent sequences.

Erequency of Core Damage

The probability of core damage during a given
year of operation is approximated by the assessed
frequency of core damage. The assessed fre-
guency of core damage per reactor year is
defined as the product of the expected frequency
of initiating events per vear and the estimated
mean probability of cere damage given the

Risk

Risk to the public is expressed in terms of the
assessed avVerage CONSequences per reactor year
which is defined as the product of the assessed
frequency of release categories per reactor vear
and the estimated average consequences per re-
lease category summed over all release catego-
ries.

19.2.2 Objective and Scope

The objective of this PRA is 10 assess the prob-
ability of core damage and risk associated with the
ABWR as defined in earlier chapters of this SSAR.
This is accomplished by evaluating the frequency and
consequence of postulated accident sequences.

The PRA analyzes the ABWR at an average site
as defined by the site related assumptions in Section
19E.3. The analysis assumes that the plant is at full
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power prior to the initiation of an accident. The risk
associated with fuel handling, storage and waste
disposal accidents are judged to be insignificant and
are not evaluated.

19.2.3 PRA Basis

To the extent practical, the analysis has been
performed on a realistic basis. Equipment capability,
success criteria, and event sequences are modeled
realistically to determine, as accurately as possible,
the expected course of events and conditions. Wher-
ever possible major conservatisms were avoided and
best estimates were made of the physical effects,

pbenomena or probability.
1923.1 Key Assumptions and Ground Rules

All of the plant system design detail which is
usually required to complete a PRA was not avail-
able at the time of the study. This was recognized in
Paragraphs 8.5 and 8.8 of the Licensing Review
Bases where GE agreed to list key PRA assumptions
(Reference 2). These assumptions are those which
relate to systems which are outside the scope of the
SSAR or information about the detailed design
which is not yet available. These assumptions form
interface requirements or information for the COL
applicant. A summary list of these assumptions is
shown on Table 19.2-1 which also includes reference
to the subsection in which the assumption is
discussed in more detail

Assumptions which were needed to conduct ana-

Iytical studies are not included in the table, but are

i d in the appropriate section describing the
study.

During the later stages of the completion of this
PRA, the EPRI ALWR Program developed Appen-
dix A to the Advanced Light Water Requirements
document (Reference 1). This appendix describes
PRA Key Assumptions and Ground Rules. For the
most part, the PRA follows the assumptions and
ground rules in that document. Many of the excep- |
tions to this statement result either because work
was done before certain assumptions were identified
or because information from the EPRI effort was not
available in time to incorporate in the PRA. These
exceptions were addressed consistent with the
objectives of the ALWR program during the course
of the review of this chapter. Most of the remaining
exceptions were the result of interactions with the
NRC staff.
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19232 Failure Probability and Field
Experience

Realistic component failure probabilities were
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extracted from domestic operating BWR experience
and supplemented by generic component failure
probabilities (Section 19D .3). The expected loss of
offsite power frequency is taken from an EPRI]
compilation of losses of offsite power at U.S. nuclear
power plants for all years through 1986 (Reference
3). A realistic safety system maintenance policy, sim-
ilar to that practiced by a number of operating
BWRs is applied in the analysis. This policy
prohibits any routine on-line maintenance that would
disable a standby safety system as discussed in
Appendix A of Reference 5. Thus, all routine
standby svstem maintenance tasks are assumed to be
performed when the plant is shut down.

19233 lnitiating Accident Events

The expected frequency of transient events is
based upon operating BWR experience and incorpo-
rates the design requircment prescribed in the Ad-
vanced Light Water Reactor Reguirements Docu-
ment (Reference 1) of a maximum of one anticipated
transient per year which results in reactor scram.
The expected manual shutdown freguency of one per
year is based upon a 1985 analysis of operating plant
data (Reference 4). LOCA initiation frequencies are
the same as those used in the GESSAR 11 PRA
(Reference 5) and are based upon the Reactor
Safety Study (Reference 6).

192.3.4 System Interactions and Common Cause
Failures

Five factors are considered and explicitly incor-
porated in the analysis of system interactions and
common cause failures: 1) Component commonality
at the system level, such as a common initiating
signal; 2) Common divisional services such as
common clectric power buses or common service
water loops; 3) System dependency, such as ADS de-
pendency on the operability of at least one of the five
(twc high pressure and three low pressure) emer-
gency core cooling system pumps; 4) Past experience
of losing on-site or off-site power; and 5) Human
errors.

19235 Human Reliability

The probability of buman error is incorporated
throughout the analysis by explicit inclusion in the
fault trees and event trees of Sections 19D.6 and
19D 4, respectively. Two types of errors have been

23A6100AS
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considered: 1) Errors resulting from operator failure
to act as directed by normal or emergency proce-
dures; and 2) errors that contribute to component
failure to perform as intended because the compo-
nent has not been properly calibrated or restored to
its operational state as required by plant procedures.

Additional discussion reprdmg human error predic-

tion and its application in the ABWR PRA is pro-
vided in Section 19D.7. In general human errors are
expected to be minimized by operator training and

symptom-oriented emergency procedures.

Assessment of operator error in this report em-
ploys the techniques outlined in the Swain and
Guttmann Handbook of Human Reliability Analysis
(Reference 2 of Section 19D.7).

19236 Reliability Model Definitions

In the event tree anaiyses, all systems capable of
RPV water makeup injection or containment heat
removal are modeled as governed by the success cri-
teria (Subsection 19.3.1.3.1). To simplify the
apalysis, all degraded core sequences are
comnservatively treated as "binary” core damage
sequences, i.c., no partially successful operations of
NSSS or BOP systems are considered. Once core
damage and fission product release is predicted in an
accident sequence, no coolant imjection system repair
or recovery is considered in the accident event trees.
In certain cases, credit for system recovery has been
taken in the containment event trees. If adequate
RPV water level has been maintained following
accident initiation, on-line repair or recovery of
containmen. heat :emoval, waler injection, and
diesel generator systems are moczled.

1923.7 Initial and End Point Conditions

All of the accident sequences in this analysis
except those in the shutdown risk assesment are as-
sumed to be initiated with the plant in normal
steady-state operation at 100 percent power. This is
consistent with the approach taken in the GESSAR
11 PRA (Reference S) and the WASH-1400 Reactor
Safety Study (Reference 6). Consideration has been
given to startup and to lower power operation in the
shutdown risk assesment in Appendix 19L and 19Q.

The conditions of this analvsis are the conditions
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applicable to a mid-life plant with an end-of-cycle
core. This provides the widest and best degree of ap-
plicability to an operating ABWR. Other conditions
of operation are taken as normal with nominal con-
tainment and suppression temperatures and
pressures and stable external environmental
conditions.

Each accident sequence analyzed is terminated in
one of two conditions -- core damage or safe shut-
down. Segquences terminating with a damaged core
are then analyzed through the containment event
trees. These accident sequences in containment
event trees terminate with either successful core melt
arrest and therefore no radioactive release, or re-
lease to the environment. The criteria for preventing
core damage are defined in Subsection 19.3.1.3.1.
Recovery or mitigation of core damaging events is
investigated and included where appropriate.

For those sequences terminating in safe shut-
down. the success criteria as defined in Subsection
193.1.3.1 are met. The accident sequence is taken to
a point where the reactor is in a condition of bot
stable shutdown with the mode switch in shutdown,
the reactor subcritical, pressures and temperatures
stabilized and within limits, containment and sup-
pression pool cooling being maintained, and vessel
water level controlled The analysis is not carried 1o
cold shutdown due to the potentially long time
mvolved, the low power level and slow progression of
events, and the wide variety of test, maintenance,
operating, shutdown, or recovery actions that could
be involved.

Fer therwise successful sequences where sup-
pression pool cooling is not available and the con-
| tainment overpressure protection system operates to
relieve pressure, the time available for recovery
srsoms is extended to the degree that a wide vaniety
of recovery actions are possible. Such accidemt
scenarios are not evaluated further.

19238 Seurce Term and Core Melt
Prenc aenolog

Source term analysis nd core damage phenom-
enology are analyzed with the MAAP code as noted
in Refzrence 1. These analyses cover events and
conditions depicted by the accident and containment
event trees in Sections 19D 4 and 19D 5.

19.2.4 Methodology

2IA610AS
Rev A

Methodology used in the ABWR PRA is consis-
tent with the approach and procedures applied in the
GESSAR 11 Probabilistic Risk Assessment, but uti-
lizes current methods for computing the frequency of
core damage and radioactive release resulting from
postulated acadent sequences. A summary descrip-
tion and illustration of the basic procedure followed
as well as definitions of the major tasks of the analy-
sis are provided in Subsection 19D.2.1.

192.4.1 Outline of the Anslysis

As illustrated 1o Figure 19D.2-1, the basic analysis
procedure followed consists of four major sequential
tasks: 1) assessing the frequency of core damage; 2)
determining the frequency of fission product release
from the core and from the containment; 3) calculat-
ing the guantity of fission products released; and 4)
determining the consequences of radioactive release.
Procedures for performing these tasks are dia-
grammed in Figures 19D.2-2 through 19D 2-5. The
first two tasks provide the input necessary to deter-
mine the magnitude and consequences of release,
and are discussed in Section 19D.2. Procedures for
assessing the quantities of fission products released
are discussed in Section 19E.2 and the process for
evaluating the conseguences of radioactive release
arc addressed in Section 19E3.

19.2.42 Fault Tree-Event Tree Analysis

Given an initiating event, probabilities associated
with the accident sequences were evaluated in fault
tree and event tree logic models. Approaches taken
and methods used to construct and evaluate these
modcls are discussed in Section 19D.2.3.

19243 Contsinment Analysis and Key Results

Probabilistic evaluation of containment failure is
based on a detailed analysis of the ABWR. Struc-
tural analysis is contained in Appendix 19F. Melt
progression anaiysis is comtained in Section 19E.2.

The containment ultimate strength under postu-
lated severe accident conditions is evaluated in Ap-
pendix 19F based on scale mode) testing, analysis
and judgements.

The pressure capability of the concrete shell of the
prototypical design at ambient temperature is 180
psig for the top slab region as determined from
model overpressurization tests. The pressure capa-
bility is estimated to be as high as 180 psig for the
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cylindrical wall as determined from other model
tests. The ABW R containment of the standard plant
situated in U.S. kas more reinforcing steel than the
prototypical design on which the test models were
based. Consequently, the pressure capability of the
concrete containment as determined by the tests is
conservative for the standard plant. The thermal ef-
fect of the repygsentative severe accident tem-

| perature of 500 F on the pressure capability of the

concrete shell is expected to be insignificant.

The pressure capability of the drywell head which
was not included in the concrete containment tests is
govu-nedhvphsucyncldofthclomphencal dome.
The plastic yield limit pressure is evaluated using an
approximate formula developed by Shield and
Drucker based on the upper and lower bound theo-
rems of limit agalysis. The mediam limit pressure is
134 psig at 500 F.

The ultimate pressure capability of the contain-
ment structure is therefore lumited by the drywell
head. When the limit pressure is reached, the con-
tainment is conservatively assumed to depressurize
rapidly.

Leakage through fixed (mechanical and electri-
cal) penctrations is neghgible compared to leakage
through large operable penctrations such as the
drvwell bead, equipment hatches, and personnel
airlocks. The leakage potential for those operable
penetrations was evaluated. Very small (less than
0.005 in.) separation displacements of the sealing
surfaces at %0 psig were calculated for the pressure-
unseating drywell head closure and equipment
hatches. No significant leakage is therefore antici-
pated before the capability pressure is reached.
However, for the purpose of source term calcula-
tions, leakage in terms of leak arcas is conservatively
estimated. assuming no sealing actipn from degraded
seals at temperature above 500 F, for pressures

below the capability pressure as:
2
Pressure (psig) Leak Arca (10 )
0 000
45 (design) 0.00
52 (SIT) 0.00
60 123
) 2T
80 431

9 (COPS setpoint) S85

At and below the structural integrity test (SIT)
pressure of 52 psig, leakage is within the design limit
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and the equivalent leak area is noghigible.

The cvaluation of the accident progression was
performed using the MAAP code as described in
Section 19E.2. MAAP is an intcgrated code which
comsiders the important aspects of a postulated se-
vere accident, including both in-vessel and ex-vessel
phenomena. In order to sccurately model the
important phenomena for the ABWR, revision 3.0B
of MAAP was modified. Additional analyses were
performed using separate effects models as
described in Section 19E.2

Inputs of the MAAP code are the plant param-
eters and event sequence information. Based on this
information MAAP provides information zbout the
pressure and temperature loads on the containment
dumgapodﬂﬂedmmdcﬂuwlludewr-
mining the mmng and magnitude of any fission prod-
uct release given the structural containment perfor-
mance.

19.2.4.4 External Consequence Analysis

Evaluation of external consequences is performed
using the CRAC-2 computer code. This evaluation
mvolves:

¢  Amount and type of fission product release.

o Behavior of the fission products after release
from the plant.

o Effects on the population exposed to the fis-
sion products.

Input data for the CRAC analysis include contain-
ment release data, weather data, demographic data,
bealth physics data, and evacuation assumptions.
Details of the CRAC code calculations are provided
in Section 19E.3.

The calculation of accident conseguences slarts
with the postulated release of fission products to the
environment. Following the postulated release, the
computer code calculates hourly dispersion, cloud
depletion, and ground contamination concurrently
with population evacuation. Usiag the resulting air
and ground contamination along with population lo-
cation with respect to the moving plume and dosim-
etric models based on the health physics data, indi-
vidua! radiological doses are calculated in terms of
carly and latent exposure for popelations within 2 25
mile radius of the site. From these exposures, risk is
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characterized in terms of individual risk of early fa-

tality and injury, socictal risk of increased cancer in-
cidence, a~4 probability of dose versus distance.

19245 Consequence Analysis Results

Previous PRA's bave used a CCDF or Compli-
mentary Cumulative Distribution Function for pre-
sentation of results and as a method for comparisons
to WASH-1400 and other PRAs. Such a curve pro-
vides a highly graphical representation of potential
consequences as a function of probability but is ex-
tremely dependent upon site characteristics such as
evacuation planning and correlation of weather sta-
tistics to populition demographics which have not
been developed for a standard plant site by the NRC.
Because of this lack of adeguate definition of a stan-
dard plamt site, the ABWR consequence evaluation
has attempted to define conseguences in terms of an
average site as is explained in Section 19E.3. These
results in terms of the risks of early fatality for indi-
viduals within one mile of the site boundary and in-
crease in risk of cancer fatality for individuals within
10 miles of the site can be directly compared to the
current NRC Safety Goals.

In addition a CCDF for probability of dose ver-
sus distance for unsheliered stationary detectors
could be produced since it is a function of release
versus weather conditions only. This evaluation of
dcse as a function of frequency serves as a compan-
son to the EPRI ALWR goal of whole body dose less
than 25 rem at one half mile at 1.0E-6 probability.

19.2.5 References

1. Advanced Light Water Reacior Requirements Doc-
ument; Appendix A; PRA Key Assumptions and
Ground rules, Final draft, issued 10/88 by 1.C.
Devine (EPRI) letter of 10/14/88 to ALWR
Utility Steering Commitiee and ALWR con-
tractors

2. Thomas E. Murley (NRC) letter to Ricardo
Artigas (GE), August 7, 1987 Advanced Boiling
Water Reactor Licensing Review Bases.

3. Losses of Off-Site Power at U.S. Nuclear Power
Piants, All Years Through 1986, NSAC-1]11, May
1987, Electric Power Research Institute.
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4. Development of Transient Initiating Event Freguen-
cies for Use in Probabilistic Risk Assessment,
NUREG/CR-3862, May 1985, ldaho National En-
gineering Laboratory.

5. GESSAR I, 238 Nuclear Island, BWR /6 Standard
Plant Probabilistic Risk Assessment, Appendix A,
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TABLE 19.2-1
KEY PRA ASSUMPTIONS

SUMMARY ASSUMPTIONS
Condensate Storage Pool Volume
Containment Overpressure Protection

Limestone Sand Concrete

Battery Loading Profiles for Station
Blackout

RCIC Room Temperature Less Than
Equipment Design Temperature

Control Room Temperature Less
Than Equipment Design Temperature

Suppression Pool Makeup within 24 hours

Preliminary Design of Containment Drywell
Head and Major Penetrations

Reactor Service Water Svsiem Definition
AC-Independent Water Addition System
Lower Drywell Flooder System

Gas Turbine

REFERENCE SUBSECTION

19E.212.1(1)
6.2.5

19E2.1.2.1(3)

19D429, 19E2.1.2.1(3)

19D 429, 19E2.1.2.1(5)

19E.2.1.2.1(6)

19D 576

19F3.12, 19F322

19D642
54.7,193152
9512

95.11,193.151
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TABLE 19.2-1
KEY PRA ASSUMPTIONS (Continued)

SUMMARY ASSUMPTIONS REFERENCE SUBSECTION

Category | Building Structure 19H33

(other than reactor building) Fragility

Non-category | Building Structure Fragiliry 19H 34

No Seismic-induced Soil Failure 19H 3.1

Interconnecting Piping Capacity Agains! 19H3.1

Differential Building Displacement

ECCS Test and Surveillance Intervals, 19316

Same as GESSAR

ECCS equipment room sump drain system 19E234 '

Amendment &

includes AC-independent means to prevent

sump pump from back-flooding
mnto adjacent ECCS equipment room
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19.3 INTERNAL EVENT
ANALYSIS

19.3.1 Frequency of Core Damage

This subsection describes the approach taken to
assess accident event sequences and determine core
damage frequency. Human and equipment reliabil-
ity models and system descriptions provided the
bases for constructing system fault trees. Results of
these trees and applicable system success criteria
were used 1o construct and evaluate accident event
trees to determine the outcomes of accident se-
guence initiating events. The frequency of core
damage was provided directly for Class I and 111
events by outcomes of the accident event trees.
Determination of what fractions of Class Il and IV
events led to core damage required additional

rrocessing through containment event trees, dis-

ussed in Subsection 19.3.2, which were used to
determine the final outcomes of those sequences
involving loss of b~ 4 removal or ATWS, Class Il and
IV evenis. This approach 1o assessing core damage
frequency and fission product releases is schemati-
cally illustrated in Figure 19.3-1.

19311 Accident Initiators

This section describes the accident sequence
initiating events documented in Section 19D.3.
These initiators are separated inlo two general
groups, transients and loss of coolant accidents
(LOCAs). Table 19.3-1 provides a summary of these
mitiators and their expected frequency of occurrence.

The 1otal frequency of transient initiators used in
these evaluations is two events per vear. This total
consists of one planned reactor shutdown and one
transient which results in reactor scram. The ex-
pected number of planned shutdowns is based upon
a 1985 analysis of operating plant data (Reference 1).
The frequency of transients is a design requirement
prescribed in the Advanced Light Water Reactor
{ALWR) Requirements Document (Reference 2).
Apportioning of the expected transient frequency by
initiating event was done on the basis of historical
electrical grid and BWR performance data as
described in Scction 19D 3.

LOCA initiation frequenc.cs are the same as
those used in the GESSAR I PRA (Reference 3)
and are based upon the Reactor Safety Study,
WASH-1400 (Reference 4). After reviewing these

Amendment 22

values and their bases, their use in the ABWR PRA
was judged appropriate.

19312 Eguipment Reliability and Availability
19.3.1.2.1 System and Component Failure Data

Failure data used in the ABWR PRA have, for the
most par., been taken from internal GE data and
failure information compiled in the GE Failure Rate
Data Manual (Reference 5). This manual consists of
information compiled from 2 number of nuclear as
well as other sources. Specific failure rates used in
the PRA and their references accompany the fault
trees presented in Section 19D 6.

193.1.2.2 Dependent Failure Treatment

Dependent failures have been addressed as
integral parts of the overall PRA system and
functional performance evaluations. These failures
are primarily significant from the standpoint of
functional redundancy. Common cause failures have
been explicitly addressed from the standpoint of
multiple component failures within systems and in
addition have been accounted for as consequences of
buman error. Interdependencies have been rigor-
ously treated in the fault and event tree analyses.
Dependent failure treatment is discussed in greater
detail in Section 19D 8.

193.12.3 Human Error Prediction

Human error probabilities used in this analvsis are
presented in the applicable component failure rate
data tables which accompany each system fault tree
presented in Section 19D.6 as well as the tables
which document branch point values for each
accident sequence event tree in Section 19D.4. They
were taken predominately from the GESSAR 11
PRA for which they were collected from various
other sources and modified, as appropriate, for the
GESSAR application. Most of these values were
derived from the Swain and Guttmann Handbock of
Human Reliability (Reference 6). More recent
studies suggest that these values may be somewhat
conservative. Their application in the ABWR PRA
analyses is judged to be acceptable. Section 19D.7
provides additional information on the treatment of
human error.

193.13 Accident Sequence Analysis

1931
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193131 Suceess Criteria

This section provides a discussion of the ABWR
success criteria employed in this analysis. These
criteria govern the construction of accident event
trees which are used to model all accident sequences.
The criteria are defined for both non-ATWS events
and ATWS events.

(1) Success Criteria for Non-ATWS Events

The success criteria in this section are based on
best-estimate predictions using the GE licensing
approved computer models. Several BWR ge-
peric studies have determined that onc motor-
driven ECCS pump has sufficient reflooding flow
to provide adeguate core cooling.

(a) Core Cooling
A peak cladding temperature (PCT) of 2200

F was chosen as the criteria in determining
the success of a coolant imjection system. The
resultant ABWR core cooling success criteria
to prevent initial core damage for transient
and Loss Of Coolant Accident (LOCA)
events with scram initiated from the reactor
protection svstem (RPS) are given in Table
193-2.

The bigh pressure core flooder (HPCF)
system (ECCS) high pressure pumps, have a
large capacity for making up lost inventory.
Foliowing any LOCA or transient event,
cither one of the HPCF pumps can
reestablish the water level and maintain the
PCT below 2200 F.

The residual beat removal (RHR) pumps,
which can be used in the ECCS low pressure
core flooding mode, are alzo large capacity
pumps. Following a large LOCA, the
Reactor Pressure Vessel (RPV) depressus-
izes sufficiently and any one of the three
RHR pumps can reestablish the water level
and maintain the PCT below 2200 F. For
small or medium LOCA, or transient events,
RPV depressurization using at least three (3)
depressurization valves is needed to permit
timely use of an RHR pump.

The reactor core isolation cooling (RCIC)

Amendment 70
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pump is turbine driven and also provides high
pressure water make-up to the RPV as long as
steam 1s available al pressures greaten than 50
psid for the RCIC turbine. The RCIC has &
lower flow capacity than the HPCF or RHR
pumps and therefore, its ability to maintain
adequate core cooling by itself, is limited to
the small liguid LOCA or transient (excluding
JORYV) events.

The capacity of non-safety related systems,
such as the feedwater and condensate pumps,
has been estimated based on the ECCS per-
formance analyses. Non-safety related sys-
tems which contribute to a successful conclu-
sion of the event have been included in the
success criteria. The Control Rod Drive
(CRD) pumps which have limited capacity
have not been included in the success criteria.

The condensate pumps are motor driven
pumps and their use depends on the RPV
p. zssure and the availability of make-up water
and clectrical power. These pumps have
higher shut-off heads than the RHR pumps,
but still require depressurization before they
can be used for core cooling. The source of
make-up water for these pumps are the main
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