August 22, 1995

APPLICANT: Westinghouse Electric Corporation
FACILITY:  AP80O

SUBJECT: SUMMARY OF MEETING TO DISCUSS THE ISSUE OF PASSIVE SYSTEM RELI-
ABILITY FOR THE DESIGN OF THE AP600

On September 15, 1994, representatives of the Nuclear Regulatory Commission
and Westinghouse Electric Corporation met to discuss the issue of passive
system reliability for the design of the AP600. Attachment 1 is a list of the
attendees. Attachment 2 is a copy of the slides presented by Westinghouse.

Westinghouse discussed their proposed approach to addressing passive system
reliability, including discussion of their definition of event sequence
success criteria and how they were using the MAAP code to model the success
criteria. Westinghouse indicated that the examples provided during the
presentation were preliminary, and for illustrative purposes only.

The staff indicated that, conceptually, Westinghouse's approach to addressing
this issue appeared acceptable, but that it needed to discuss the details of
the implementation to ensure its adequacy. Issues the staff identified
included success criteria acceptability, acceptability of the number of nodes
Westinghouse intended to apply, definition of adequacy of margin, identifica-
tion of "trigger points" to require closer evaluation of a sequence, appropri-
ateness of inputs to the MAAP calculations, and appropriateness of operator
action times assumed in the evaluations.

It was agreed to hold meetings approximately monthly to track the status of
Westinghouse’s efforts.
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AP800 Rev2 Success Ciitena Progress Meeting

AP600 Probabilistic Risk Assessment

Discussion of Progress in Defining Success
Criteria for Revision 2
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APS00 Revi2 Success Criteria Progress Meeting

Agenda

» Discuss Current Status of Definition and Documentation of Event
Sequence Success Criteria

» Discuss Current Status 0 MAAP Code Modeling for Success Criteria

« Obtain Early Feedback on Approach Taken



APBO0 Rev'2 Success Criteria Progress Meeting

Objectives

« Ensure that a success criterion is defined and documented for each case
on the event trees

» Understand how interactions among systems modeled in the event trees
impact success criteria

» Ensure that event tree structure reflects the system success criteria for
each event tree

« Ensure that appropriate uncertainties are accounted for in defining
success criteria



APB00 Rev 2 Success Crtena Progress Meeting

Key Steps in Defining Success Criteria

« Identify Assumptions and Any Existing Bases for Each Event Tree Case
» Systematically Identify System Interactions for Success Paths

« Identify Appropriate Tools for Defining Each Success Criterion

» Perform Analyses to Define Best Estimate Success Criteria

» Systematically Identify Uncertainties that can Affect Success Criteria

» Document Success Criteria, Adjust Event Tree Logic if Necessary




APS00 Rev'« success Lrntena Progress Meeting

Structure of Documentation

« PRA Report Rev. 2 will have two sections related to Level 1 Success
Criteria:
- Section 6 - Level 1 Success Criteria

« Defines and explains the assumptions and corresponding bases for
the event tree models

« |dentifies and explains combinations of passive and active systems
included in the models

- Section 7 - Documentation of MAAP and Other Analyses for Success
Criteria

 Preserits analyses supporting success criteria other than design
basis

« Establishes applicability of MAAP resuits, including sensitivities and
uncertainties



APS00 Rev2 Success Critena Progress Meeting

Summary of Section 6

= Define Acceptance/Success Criteria for Critical Safety Functions

= Discuss Important Modeling Assumptions of the Event Trees and Identify

- Success Criteria and Bases for Safety Functions for Each Main Event
Category (Transients, small LOCA, ...)

- Timing-Related Criteria and Bases

- System Interactions Implicit in *iodels, and Associated Success Criteria
and Bases

-- Case-Specific Success Criteria and Bases for Each Case of Each Event
Tree Top Event

» Provide Information in Response to Success Criteria Questions Asked
During Review of PRA Rev.0



PRELIMINARY -- FOR INFORMATION ONLY

APB00 PRA - Revision 2

6.0 EVENT TREES TOP EVENTS SUCCESS CRITERIA
FOR INTERNAL EVENTS AT POWER

TABLE OF CONTENTS

Section  Description Page
6.1 introduction 1
6.2 Acceptance Criteria and Critical Functions for Success Criteria 2
6.2.1 Specific Acceptance Criteria for the PRA
6.2.2 Success Criteria Guidelines
6.3 Success Criteria for Event Sequences and Timing, and Passive/Active
System Interactions 12
6.3.1 General Sequence Success Criteria
6.3.2 Timing of Events and Key Operator Actions
6.3.3 Passive/Active System Interactions
6.4 internal Initiating Event Trees Top Events Success Criteria 27
6.4.1- (Specific Discussions for Each Top Event Case)
6.4.36
€.5 Plant Damage State Event Tree Success Criteria 103
6.6 References

BDS

W / NRC Meesting Sept. 15, 1994




BDS

General Tools for Defining Success Criteria Bases

0 Design Basis Analyses, whire

- Conservatisms do not affect conclusions

- Success Criteria cannot be otherwise refined
0 MAAP Analyses Using MAAP 4.0
0 Other Best Estimate Analyses (ATWS, Large LOCA)

0 Engineering Calculations

0 Engineering Judgement Based on Relevant Experience
or Data

W / NRC Meeting Sept. 15, 1994




AP600 Rev.2 Success Criteria Progress Meeting

l

Identify Assumptions and Bases for Specific Cases

= Each event tree top event can have one or more “"Cases" depending on
event sequence

» For each case, the Success Criteria section of the PRA will identify:
- requirements for success
- mission time
- assumed actuation dependencies
- time available for modeled operator actions
- specific bases for the above
- initiating events the case applies to

- sequence-related information:
* pertinent prior system successes/failures
« impact of success or failure
« subsequent requirements for success




PRELIMINARY -- FOR INFORMATION ONLY

Table 6.4-1

Summary of Event Tree Top Events Success Criteria
{Internal Initiatirs Zvents at Power Cases)

SUCCESS CRITERIA

ciL 4 | TE At least one isolation vaive in Credit given for manua! Automatic 24 D
Containment each penetration closed. closure of valves if actuation via PHMS hours 6.4.10
isolation, automatic actuation (high containment
power fails. pressure $
recevered or {Operator Actions: signal), or DAS
DG operate CIT-MANO1] C(high ctmt.
after LOOP temperature)
cie cl A, 81, 81C, At least one isolation valve in Credit given for manual Automatic 24 [
Contairment $15, each penetration closed. closure of valves 1f actuation via PMS hours 6.6.190
isolation, §2,328, automatic actuation (high containment
following LOCA s2p,SL, v2 fails. pressure S
or SETR (Operator Actions: signal), or DAS
CIP-MAND1, CIP-RFCO1) ¢high cemt.
temperature)
ciss C! TE At least one isclation valve in Lredit given for manual Automatic 24 )
Containment each penetration closed. closure of valves if actuation via PMS hours 6.4.10
Isolation, automatic actuation (high containment
failure to fails. pressure $
recover [Operator Actions: signal), or DAS
offsite power CIT-MANDT) (high ctmt.
after LOOP tesperature)
cIy (o | 5, 1R, At least one isolation valve in Credit given for manual Automotic 24 1]
Containment TFi,TF2, each penctration closed. closure of valves if actuation via PMS hours 6.4.10
Isolation, TC,TFX, automatic actuation (high containment
following ™, TS, fails. pressure S
transient oW, TSW, [Operator Actions: signal}, or DAS
TCA,TFA CIT-MANCT) (high ctmt.
temperature)
BDS W / NRC Meeting Sept. 15, 1984



PRELIMINARY -- FOR INFORMATION CNLY

Table 6.4-1

Summary of Event Tree Top Events Success Criteria
(Internal Initiating Events at Power Cases)

SUCCESS CRITERIA

8 out of 8 steam dump valves open

Automatic PLS

Main Condenser TF1,TF2, to accommodate full secondary side control of steam hours. 6.4 1«
and full steam TFX, TP, steam load to condenser dump, FW & circ.
dumg TCwW AND water trains
At least ' out of 2 Circulating
Water trains operates to maintain
condenser vacuum.
coND1 v2 1 out of 4 steam dump valves open Credit given for manual Automatic PLS 24
Kain condenser for secondary heat removal steam dump valves control of steam hours. 6.4.15
and secondary AND adjustment . dump, FH & circ.
heat removal At least ! out of 2 Circulating [Operator Actions: water trains
path via steam Water trains operates to maintain CIB-MANDOT, DUMP-MANODT)
dump condenser vacuum.
FUF TF1 1 out of 2 feedwater trains Hone . None. (Automatic 24 ]
Main Feedwater (condensate pump, FW booster pump, {Uperator Actions: control via PLS) hours. 6.4.21
W punp, FW reg. valves) from (TCB-MANO1);
degerator storage tank to 1 out of
1 steam generator.
FuT TT,TR, TP, 1 out of 2 feedwater trains Wone . None. (Automatic 24 0
Main Feedwater TCW (condensate pump, FW booster pump, {Operator Actions: control via PLS) hours. 6.4.21
FW pump, FW reg. valves) from (TCB-MAND1))

deaerator storage tank to 1 out of
2 steam generators

W / NRC Mesting

Sept. 15, 1994




Table 6.4-1
Summary of Event Tree Top Events Success Criteria

PRELIMINARY -- FOR INFORMATION ONLY

(ir.ternal Initiating Events at Power Cases)

SUCCESS CRITERIA

IRWST injection into the RCS
through ! out of 2 check valve
paths (with 2 out of 2 check valves
open per path) in 1 out of 1 intact
Gravity Injection line,

INZAB T7,1R, IRWST injection into the RS None . 24 )
Gravity TF1,T¥2, through 1 out of 2 check valve hours., 6.4.22
Injection TC,TFX, paths (with 2 out of 2 check valves

1P, 1S, open per path) in 1 out of 2

TON, TSN, Gravity Injection lines.

TCA,TE,

TSLD,

TSLU, TSOV

A,S1,81C,

$2,528,

S2P,Si,

V2, TFA

W / NRC Meeting Sept. 15, 1994



PRELIMINARY -- FOR INFORMATION ONLY

Table 6.4-1
Summary of Event Tree Top Events Success Criteria
(Internal Initiating Events at Power)

Key to Table 6.4-1 BASIS column entries:

Calculated value

MAAP analysis

Design Basis, per SSAR or other document
Other specific justification

Engineering judgment

Other transient analysis

- mOoOgO

Numbers in BASIS column indicate Success Criteria Notebook subsection
number in which additional detaiis are provided.

B80S W / NRC Meeting Sept. 15, 1994




PRELIMINARY -- FOR INFORMATION ONLY

Example Sections From AP600 Rev. 2 Success Criteria Notebook

6.4.10 CONTAINMENT ISOLATION

This top event represents containment isolation following various initiating
events for scenarios in which long term core cooling is being accomplished by
gravity injection and recirculation (following either: a transient event with
failure of secondary side cooling, successful full RCS depressurization, and
failure of normal RHR; or a 10ss of RCS inventory event with successful fuli
RCS depressurization and failure of normal RHR). Containment isolation in
such cases is necessary for prevention of water inventory depletion with
potential long-term core damage. If containment isolation fails, the possibility
of recovery of containment integrity or cooling using spent fuel pool inventory
is evaluated.

CiL CONTAINMENT ISOLATION
Loss of Offsite Power, TE

This case is used for a loss of offsite power event with power recovery or
availability of the diesel gererator.

The success criterion is:
One isolation valve closed in each containment penetration.
Credit is given for manual actuation if automatic actuation fails.

Mission time is 24 hours. The time available for operator action is XXX
minutes.

Basis for Success Criteria:

SSAR Chapter 15,
72?

BOS W / NRC Meeting Sept. 15, 1994



PRELIMINARY -- FOR INFORMATION ONLY

Example Sections From APB00 Rev. 2 Success Criteria Notebook

CIT CONTAINMENT ISOLATION

Transients TT, TF, TM, TP, TS, TCW, TSW, TCA, TFA

This case is used for transients following loss of decay heat removal but with
successful RCS depressurization and gravity injection.

The success criterion is:
One isolation valve closed in each penetration.
Creuit is given for manual actuation if automatic actuation fails.

Mission time is 24 hours. The time available for operator action is XXX
minutes.

Basis for Success Criteria:

SSAR Chapter 15.
2?7




PRELIMINARY -- FOR INFORMATION ONLY

Example Sections From AP600 Rev. 2 Success Criteria Notebook

6.4.14 STEAM DUMP AND MAIN CONDENSER FOR FEEDWATER
AVAILABILITY

This top event represents availability of steam dump (turbine bypass) to the
main condenser as a heat sink following a transient. If this function is
successful, it provides a supply for continued main feedwater for secondary
side cooling (if the initiating event did not involve a loss of main feedwater),
and also a backup supply, in addition to the condensate storage tank, for
startup feedwater. If this function iails, the probability of a stuck open
secondary relief valve is evaluated, and the only source for startup feedwater
is the condensate storage tank. In order to allow for a total loss of load, the
success criteria for this event require availability of all steam dump valves.

COND STEAM DUMP AND MAIN CONDENSER AVAILABLE FOLLOWING
TRANSIENT

Transients TT, TR, TF1, TF2, TFX, TP, TCW

The success criterion is:

8 out of 8 steam dump valves open

AND

Condenser availability, including 1 out of 2 circulating water pumps supplying
the condenser with cooling water.

Credit is given only for automatic steam dump actuation.

Mission time is 24 hours.

Basis for Success Criteria:

SSAR

BD§ W / NRC Meeting Sept. 15, 1994



PRELIMINARY -- FOR INFORMATION ONLY

Table 6.4-2
Summary of Success Criteria for Operator Actions and Mission Times

OPERATOR ACTION USED IN EVENT TREE CASES AVAILABLE
IDENTIFIER OPERATOR RESPONSE
TIKE (MINUTES)

AD1, ADB, ADC, ADF, ADL, ADN, ADG,
ADR, ADT, ADY, ADZ, ADLS, ADNS,
ADTS, ADNLT, ADGLT, ADTLT

| ADN-RECO1 ADNLT, ADQLT, ADTLY 30 J
ATW-MANO1 €O, CSBOR1 1
ATW-MANOS CE 1
ATW-MANOG co 2
CCB-MANO1 CSAUXS, CSBOR1, CSLOCA, CSP, RNP, 30

RNR, RNP2, RNT?

I CIA-MANOT CIA

C18-MANDO C18, CSAUXS 30

C18-MANO C1B, COND1

CIP-MANO1 cip 180
flcie-recor cip

C17-MANO1 CIL, CISB, CIT 300

CMN - MANO ! CMIA, CM2AB, CM2L, CM2P, CM2sL, 3

CMBOTH, CM2AM, CMZAMP, CM2LLT

CMN-RECD CMBOTH, CM2LLT

CVN-MANOOD CSAUXS 30
| CvMAN02 cssomt e

DUMP - MAXD1 COND 1 30

FWN-MANO? SFM, SFW, SFW1, SFWT 30

FWN-MANCS SFWP 30

IMMNO‘ PRB, PRL, PRP, PRS, PRT, SFM, SFW, 30

SFW1, SFWP, SFWT

[ WK -MANOO 1W2A 60

LPM-MANDY AD1, ADB, ADC, ADF, ADL, ADM, ADR, 30
ADT, ADY, ADZ, CM2AB, CM2SL, RCSL,
RCY, ADNLY, ADTLT

LPM-MANO2 ADG, CMIA, CM2L, CM2P, ADGLT, 20
CHBOTH, CM2LLT

LPM-MANOS ADIA, ADA, ADAB, ADAL, ADRA, ADS, 15
ADV

LPM-MANDS ADM 15

B80S

W 7/ NRC Meeting Sept. 16, 1994



PRELIMINARY -- FOR INFORMATION ONLY

Table 6.4-2
Summary of Success Criteria for Operator Actions and Mission Times

USED IN EVENT TREE CASES AVAILABLE
OPERATOR RESPONSE
, TIME (RINUTES)
LPM-MANOS ADALS, ADAS, ADLS, ADNS, ADSS, 60
‘ ADTS, CM2AM, CM2AMP, PRM,  PRMP
i LPM-RECOY ADNLT, ADOLT, ADTLT, CMBOTH, I
CM2LLY
PRI -MANO! PRI 35 H
PRI -MANOZ PRI 15 j
| PRN-MANO1 PRY 30
| PRN-MANDZ PRB, PRL, PRP, PRS 30
PRN-MANO3 CsP >120
RCN-MAND | RCSL, RCY 30
| REN-MANOZ RECIRB, RECIRC, RECIRP, RNP, RNR >60 il
REN-MANO3 1WF 160
RHN-MANO Y RNP, RNR 30
RHN-MANO2 RNP2 120
RN -MANOS RNT2 120
SFN-MANOC IWTM >120
SGHL -MANO SGHL 30
SWB - MANOL CSAUXS, CSBOR1, CSLOCA, CSP, RwP, 30
[ MR, RNPZ RNT? s
SWE - MANOZN RNC2 30
SWN-MAND 1 CSAUXS, CSBOR1, CSLOCA, CSP, RNP, 30
RNR, RNP2, RNT2
1CB-MANOY FWF, FWT 30
VLN-MANOY VLK 120
VN -MANO 1 VLH 60
VWM -MANO2 VLH 60
20N -HANOY 30
= el

BDS W / NRC Maeting Sept. 15, 1994




Summary

APB00 PRA Revision 2 Success Criteria Documentation Wili Be Thorough
and Scrutable

Success Criteria and Bases Will Be Clearly Defined for All Event Tree
Cases

Important System Interactions Will Be Addressed and Documented

BDS W / NRC Mesting Sept. 16, 1994



STATUS REPORT ON
MAAP ANALYSES TO SUPPORT
AP600 LEVEL 1 SUCCESS CRITERIA

September 15, 1994

Debra Ohkawa
Westinghouse Electric Corporation



MAJOR POINTS OF DISCUSSION

MAAP LIMITATIONS AND CRITERIA
MAAP ANALYSES

PURPOSES
- APPROACH

- LIST OF CASES

DOCUMENTATION OF MAAP ANALYSES

MAAP-RE' ATED RAIS




REVIEW OF AUGUST 1 MEETING

. APPROACH TO MAAP ANALYSES WAS OUTLINED, BUT FEW DETAILS
HAD BEEN DEVELOPED

. "PROMISES" INCLUDED:

" WILL EVALUATE SYSTEM INTERACTIONS
- WILL CONSIDER SENSITIVITY ANALYSES
. WILL INCLUDE THOROUGH DOCUMENTATION IN THE PRA

B EXAMPLE SENSITIVITY CASES WERE PROVIDED FOR A MEDIUM LOCA
BASE CASE:

- RCS DEPRESSURIZATION RATE

- RCS DEPRESSURIZATION TIME

- ACCUMULATOR AVAILABILITY (1 VS 2)
- IRWST INJECTION RATE



SUMMARY OF MAAP4 APPLICATION MEETING (SEPT 8)

PRESENTATIONS MADE ON THE MAAP4 MODELS

. T/H MODELS

- PASSIVE PLANT MODELS
. IN-VESSEL MODELS

- EX-VESSEL MODELS

T/H AND SEVERE ACCIDENT PARAMETER BENCHMARKS WERE
PRESENTED

THE MAJORITY OF THE BENCHMARKS AND MAAP USER'S GUIDANCE
IS BASED ON MAAP3.0B

FOR SUCCESS CRITERIA APPLICATIONS, MAAP4 IS SIMILAR TO
MAAP3 0B WITH THE FOLLOWING IMPROVEMENTS:

. PRESSURIZER AND SURGE LINE MODEL
- MORE DETAILED CORE MODEL



MAAP LIM/TATIONS

GUIDANCE FROM THE FOLLOWING SOUKCES 1S BEING USED:

- EPRI TR-100167, "RECOMMENDED SENSITIVITY ANALYSES FOR
AN INDIVIDUAL PLANT EXAMINATION USING MAAP 3 0OB"

- FIN L-1499, "MAAP 3.0B CoDE EVALUATION FINAL REPORT."
BROOKHAVEN NATIONAL LABORATORY, OCTOBER 1992

- EPRI TR-100743, "MAAP PWR APPLICATION GUIDELINES

FOR WESTINGHOUSE AND COMBUSTION ENGINEERING PLANTS,"
JUNE 1992,

ALTHOUGH ABOVE GUIDANCE IS BASED ON MAAP3.0B. THE T/H

RECOMMENDATIONS AND CONCLUSIONS ARE GENERALLY APPLICABLE
TO MAAP4

WE RECOGNIZE THAT MAAP WAS ORIGINALLY WRITTEN FOR SEVERE
ACCIDENT ANALYSES, AND THERE ARE LIMITATIONS WHEN APPLIED
TO PRE-CORE DAMAGE SCENARIOS

MAAP WILL NOT BE USED FOR:

- ATWS
- [LARGE LOCAS




RECOMMENDATIONS FROM EPRI TR-100167

(IPE RECOMMENDATIONS)

MAAP PARAMETERS IN NATURAL CIRCULATION MODEL,
AFFECTING DETERMINATION OF SUCCESS CRITERIA
VARIABLE | SUGGESTED DESCRIPTION RECOMMENDED SENSITIVITIES
VALUE
E VFSEP 0.6 VOID FRACTION AT WHICH PRIMARY NO SENSITIVITIES RECOMMENDED
SYSTEM NATURAL CiRCULATION STOPS
HTSTAG 850 WM /K HEAT TRANSFER COEFFICIENT NO SENSITIVITIES RECOMMENDED
BETWEEN NATURALLY CIRCULATING
WATER AND SURFACE OF SG TUBE
FAOUT 03 FOR COUNTER-CURRENT FLOW NO SENSITIVITIES RECOMMENDED
CALCULATIONS, FRACTION OF TUBES
CARRYING FLOW AWAY FROM HOT
LEG
[EVNT EVENT CODE TO SIGNIFY THAT PUMP
(208) SUCTION VOLUMES CLEAR
FFRICR APPROX 0.1 FRICTION FACTOR FOR AXIAL FLOW IN | NO SENSITIVITIES RECOMMENDED.,
CORE
FFRICX 0.25 FRICTION FACTOR FOR CROSS FLOW NO SENSITIVITIES RECOMMENDED
IN CORE
r_PWHL 0.115 COEFFICIENT USED TO CALCULATE NO SENSITIVITIES RECOMMENDED,
HOT LEG COUNTER-CURRENT FLOW
NSAMP 10 COEFFICIENT USED TO SMOOTH OUT NO SENSITIVITIES RECOMMENDED.
NUMERICAL OSCILLATIONS IN CORE-
UPPER PLENUM NATURAL
CIRCULATION FLOW
FCDBREK 0.7 DISCHARGE COEFFICIENT FOR NO SENSITIVITIES RECOMMENDED
PRIMARY SYSTEM BREAK
TLMAX | 1200 K CLAD TEMPERATURE AT WHICH CLAD | NO SENSITIVITIES RECOMMENDED
RUPTURE AND GAP RELEASE OCCURS
IF NOT ALREADY COMPUTED FROM
CLAD STRAIN MODEL
R ——
Notes: - AP600 MAAP parameter file is consistent with the suggested value for each variable

- IEVNT 208 does not apply 1o AP600 because there are no loop seals



RECOMMENDATIONS FROM BROOKHAVEN REPORT

"... IN GENERAL, MAAP IS ADEQUATE FOR PREDICTING THERMAL-
HYDRAULIC BEHAVIOR PRIOR TO CLAD DAMAGE UNLESS CERTAIN THERMAL-
HYDRAULIC CONDITIONS ARE ENCOUNTERED. THESE ARE:"

. THE BREAK LOCATION GIVES RISE TO A QUASI-STEADY STATE
TWO-PHASE FLOW CONDITION.

. THE REACTOR HAS NOT SCRAMMED (FUEL STORED ENERGY
WILL NOT BE RELEASED).

. CLAD TEMPERATURE IS ABOVE 1200 K. (THiS IS BASED ON
MAAFP3.0B ONE NODE MODEL, WHICH MAY CAUSE MAAP TO
UNDERPREDICT THE CLAD HEATUP RATE ONCE CLAD
OXIDATION POWER EXCEEDS DECAY POWER)

“THE REVIEW CONFIRMED THAT THE UTILITIES SHOULD NOT USE MAAP
FOR DETERMINING SUCCESS CRITERIA AFTER CLAD DAMAGE (E.G., TO
DETERMINE WHETHER OR NOT A CORE CAN BE SUCCESSFULLY REFLOODED
AFTER EXTENSIVE FUEL MELTING HAS OCCURRED)."




RECOMMENDATIONS FROM EPRI TR-100743
(APPLICATION GUIDELINES)

PROVIDES SUMMARY OF EXPERIENCE, CAUTIONS AND RECOMMENDED
SENSITIVITY CALCULATIONS FOR:

- LOSS OF FEEDWATER

- SMALL L)OCA

- MEDIUVM AND LARGE LOCA

- STEAM GENERATOR TUBE RUPTURE
- MAIN STEAMLINE BREAK

SPECIFIC RECOMMENDATIONS WILL BE PRESENTED LATER, WITH THE
DISCUSSION OF THE INITIATING EVENT GROUPS




CRITERIA FOR MAAP ANALYSES

[F THE TOP OF THE CORE REMAINS COVERED WITH WATER, THE CASE
WILL BE CONSIDERED "SUCCESS"; HOWEVFR, IF THERE 1S CORE
UNCOVERY, THE RESULTS WILL BE EXAMINED MORE CLOSELY

DEFINITION OF CORE DAMAGE [EPRI UTILITY REQUIREMENTS
DOCUMENT, VOLUME 11l, ALWR PASSIVE PLANT, CHAPTER 1,
APPENDIX Al

A fuel cladding temperature of 2200°F [1477 K] or higher is
reached in any node of the core as defined in a best-estimate
thermal-hydraulic calculation

CLAD OXIDATION BEGINS AT 1490°F [1083 K], AND THE HEATUP OF
THE CORE WILL BE AT A MUCH FASTER RATE

- THEREFORE, ANY BASE CASE RESULTS THAT EXCEED 1100 K
WILL BE EXAMINED MORE CLOSELY TO DETERMINE THE
VALIDITY OF THE RESULTS

PEAK TEMPERATURE USED FROM MAAP IS BASED ON HOTTEST CORE
NODE, NOT HOTTEST CLAD NODE

- AT THE START OF THE TRANSIENT, THE MAAP PEAK
TEMPERATURE WILL OVERESTIMATE THE PCT BY MORE THAN
260°F (400 K)

- By 500 SECONDS AFTER REACTOR TRIP, THE DIFFERENCE IS ON
THE ORDER OF TENS OF DEGREES




PURPOSES OF MAAP ANALYSES

IDENTIFY BREAK SIZES THAT DEFINE EACH GROUP OF INITIAT. VG
EVENTS

TO CONFIRM SUCCESS OF EVENT TREE PATHS THAT HAVE NOT BEEN
CONFIRMED BY DESIGN BASIS, HAND CALCULATIONS, OR
ENGINEERING JUDGEMENT

TO EXAMINE SYSTEM INTERACTIONS

TO DETERMINE SENSITIVITY TO UNCERTAINTIES

- PASSIVE SYSTEM PERFORMANCE
- MAAP

TO FIND IF THERE ARE ANY "CLIFFS" DUE TO UNCERTAINTIES AND
MODELLING LIMITATIONS

BOUNDING OPERATOR ACTION TIME LIMITS TO SUPPORT HUMAN
RELIABILITY ANALYSIS




SUPPORT OF HUMAN RELIABILITY ANALYSIS

B THE DETERMINATION OF MINIMUM OPERATOR ACTION TIMES IS NOT
EXPECTED TO BE SENSITIVE TO VARIATIONS IN THE MAAP MODELS

- MINIMUM OPERATOR ACTION TIMES ARE USED IN THE HUMAN
RELIABILITY ANALYSIS TO DETERMINE SHAPING FACTORS FOR
THE HUMAN ERROR PROBABILITIES (HEP)

L) THE TIME AVAILABLE IS ONLY ONE FACTOR THAT IS
USED IN DETERMINING THE STRESS LEVEL

- FOR THE RECOVERY SHAPING FACTOR, THE DIFFERENCE
BETWEEN TIME TO PERFORM A SET OF ACTIONS AND THE
MINIMUM TIME WINDOW GENERALLY HAS A LARGE
MARGIN

- USING THIS METHODOLOGY, HUMAN ERROR PROBABILITY 1S
NOT EXPECTED TO BE SIGNIFICANTLY IMPACTED BY MAAP
CODE SENSITIVITIES

. THE MARGIN BETWEEN THE MINIMUM TIME AVAILABLE, AS
PREDICTED BY MAAP4, TO PERFORM A SET OF ACTIONS AND THE
TIME REQUIRED TO PERFORM THE SET OF ACTIONS WILL BE
REVIEWED TO IDENTIFY ANY CASES WHERE VARIATIONS IN THE
MAAP PREDICTION MIGHT IMPACT THE HEP RESULTS

- MAAP SENSITIVITIES WILL ONLY BE PERFORMED IF THE
EVALUATION SHOWS THAT THE HEP MAY BE IMPACTED
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MAAP CASE DEFINITION PROCESS

. SUCCESS CRITERIA THAT HAVE NOT BEEN CONFIRMED WITH OTHER

BASIS WERE REVIEWED TO DETERMINE HOW THEY ARE USED IN THE
EVENT TREES:

. INITIATING EVENT
. SYSTEM ASSUMPTIONS, SUCH AS

ADS

CMT

ACCUMULATOR

PRHR

NRHR

IRWST INJECTION / RECIRCULATION
SG FEEDWATER

. TABLE ON FOLLOWING VIEWGRAPH SHOWS A SUMMARY OF THIS

EFFORT FOR ADS SUCCESS CRITERIA THAT NEED FURTHER
ANALYTICAL BASIS
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REVIEW OF EVENT TREES
ADS SUCCESS CRITERIA VS. THE APPLICABLE INITIATING EVENTS

|

e 2
x M ¥
i nth
- {

{
; System Assumpuons laitiating Events [
Name &
ADS ACC/ PRHR IRWST Trans SGTR Very SLOCA MLOCA ATWS t
| CMT or NRHR SLOCA !
) = !
ADRA Ll oMT NRHR x
ADR 3)-M ACC NRHR 1 l
ADB/ (Hh-M ACC Either x x
ADL/
ADT
ADAB/ h CMT Either X X 1 x x
ADAL/
ADA
ADC (Hh-M ACC Either x x X
1
ADN Q) -M ACC PRHR Either x X X
ADS @) CMT PRHR Either t X x
ADV 4 CMT PRHR NRHR x X x
ADZ 4 -M ACC PRHR NRHR x X x
ADM (2) CMT [RWST X
ADQ 2} - M ACC IRWST x
ADS Depressurization:
(h 3 out of 4 Stage 2 and 3
OR
2 out of & Stage 4 (with | out of 6 in Stage 1.2.3 as pernussive)
(2 3 out of 4 Stage 2 and 1}
OR
2 out of 4 Stage 4
(R 1 ow of & stage 120
4 | out of 10 stage 1.23 4
M Manual actuation

o wplapOitve goase 1ab




LARGE LOCA:

MEepiuM LOCA:

SmaLL LOCA:

VERY SLOCA:

SGTR:

TRANSIENTS:

CASE DEFINITION

A BREAK LARGE ENOUGH TO ALLOW IRWST GRAVITY
DRAIN WITHOUT ADS (CTUATION

A BREAK LARGE ENOUGH TO ALLOW NRHR INJECTION
WITHOUT ADS ACTUATION

A BREAK LARGE ENOUGH THAT THE CVS IS NOT
SUFFICIENT AND ADS IS REQUIRED TO ALLOW NRHR
INJECTION

A BREAK WHERE THE CVS MAKEUP FLOW CANNOT
MAINTAIN THE PRESSURIZER LEVEL BUT IS SUFFICIENT
FOR RCS COOLING

STEAM GENERATOR TUBE RUPTURES

ALL NON-LOCA INITIATING EVENTS
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BREAK SIZE DETERMINATION

MAAP IS BEING USED TO DETERMINE THE BREAK SIZES THAT DEFINE
EACH BREAK CATEGORY (LARGE LOCA, MEDIUM LOCA, ETC.)

BREAK SIZE IS PRIMARILY USED TO DETERMINE INITIATING EVENT
FREQUENCY FOR THE DIFFERENT LOCA CATEGO®'™S

- FOR AP600 THERE ARE RELATIVELY FEW DIFFERENT LINE
SIZES

- THE LINE SIZES ARE GROUPED INTO LARGE, MEDIUM, SMALL
AND VERY SMALL PIPING

. FOR EACH PIPE SIZE THERE IS A PROBABILITY THAT THE PIPE
CAN EXPERIENCE A LARGE. MEDIUM, OR SMALL LOCA

. USING THIS METHODOLOGY, INITIATING EVENT FREQUENCY FOR

EACH LOCA CATEGORY IS NOT SIGNIFICANTLY IMPACTED BY
MAAP CODE SENSITIVITIES
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ASSUMPTIONS THROUGHOUT MAAP ANALYSES

BREAKS ARE MODELLED ON THE COLD LEG

THE RUNS ARE TERMINATED AFTER IRWST INJECTION HAS
RECOVERED THE CORE

- IN THE LONGTERM, RECIRCULATION IS ASSUMED TO FUNCTION,
AND IS NOT CONFIRMED WITH MAAP ANALYSIS

NRHR 1S NOT MODELLED IN MAAP, AND DESIGN REQUIREMENTS
WILL "COMPLETE" THE MAAP ANALYSIS

THE PASSIVE CONTAINMENT COOL NG SYSTEM IS ASSUMED TO
OPERATE

- THIS MINIMIZES THE CONTAINMENT PRESSURE, WHICH DELAYS
THE GRAVITY DRAIN OF THE IRWST

REACTOR COOLANT PUMPS TRIP ON CMT ACTUATION SIGNAL
NO SG FEEDWATER IS INJECTED
THE MAAP PARAMETER MODEL HAS BEEN REVIEWED TO ENSURE

THAT THE ACTUATION LOGIC OF THE PROTECTION SYSTEMS IS
CONSISTENT WITH THE LATEST DESIGN

16



MEDIUM LOCA CASES

PRI APPLICATION GUIDE

. BENCHMARKING EXPERIENCE INCLUDES SMALL END OF MEDIUM
LOCA SIZE SPECTRUM

. CAUTION THAT ACCUMULATOR DISCHARGE IS ISOTHERMAL SO THAT
THE DISCHARGE RATE WILL BE OVERPREDICTED

* NO SPECIFIC SENSITIVITIES ARE RECOMMENDED
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Equipment Assumptions

Comments
ADS MY ACC PRHR
23 4 Delay
—=
3 1 - All base cases are run o ensure that gravity dramn from
the IEWST provides a long term heat sink
2 1
) 10 m f
2 10 m 1
2 Water mjection sens; use worst ADS conditions from
Casel - 2
2 2
20m !
Operator acion time sens; use worst ADS conditions
5m 1 from Case 3 - 4
ADS valve area sens; use worst case from Case | - 4
10 IRWST mjecuon rate sens; use worst case from Case 1
-4
18] Break size sensitivity; use worst of Case 1 - 4
12 PCCS Sensitivity
13 VFSEP Sensitivity
mhn-é =i




SMALL LOCA CASES

EPRI APPLICATION GUIDELINES

« EXTENSIVE EXPERIENCE WITH MAAP BENCHMARKING AGAINST
SEMISCALE, MIST, RELAP, RETRAN, TMI

. CAUTIONS

. BE AWARE OF ISOTHERMAL ACCUMULATOR DISCHARGE, WHICH
HAS BEEN KNOWN TO CAUSE "AUTOC fFALYTIC ACCUMULATOR
DISCHARGE"

. WATCH OUT FOR CASES WITH ANOMALOUS GAS CR WATER
FLOW THROUGH THE PRESSURIZER PORYV (THIS CONCERN HAS
BEEN "FIXED" IN MAAP4)

- BE AWARE THAT THE RESULTS MAY BE SENSITIVE TO BREAK
SUBCOOLING

' RECOMMENDED SENSITIVITIES

- MAXIMUM CONDENSATION "EFFICIENCY" ASSUMED ON ECCS
WATER (MAAP PARAMETER FCDDC)

. VFSEP, ALTHOUGH SENSITIVITY STUDIES INVOLVING A
LIMITED NUMBER OF SEQUENCES HAVE NOT SHOWN ANY
PRONOUNCED SENSITIVITIES

- OPERATOR ACTIONS THAT AFFECT TIMING OF INJECTION AND
RCS DEPRESSURIZATION

20




§ EVENT TREES DEVELOPMENT & QUANTIFICATION
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TRANSIENTS (LOSS OF FEEDWATER)

EPRI APPLICATION GUIDELINES

- EXPERIENCE WITH MAAP IS GENERALLY QUITE GOOD

. CAUTIONS

- MONITOR PORV FLOW FOR ANOMALIES IF PRESSURIZER
NEARLY SOLID (THIS CONCERN HAS BEEN "FIXED" IN MAAP4)

. RECOMMENDED SENSITIVITIES

- CONSIDER VARIATIONS IN OPERATOR ACTIONS, INCLUDING RCP
TRIP AND REACTOR TRiP
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F EVENT TREES DEVELOPMENT & QUANTIFICATION

Eﬂ@c: 06/26/92 WESTINGHOUSE PROPRIETARY CLASS 2

Loss of Feedwater Flow Event Tree

PF-196
@ Westinghouse 5
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MAAP Tnuint i

Equipment Assnmptions Case Type
CM1 ACC PRHR IRWST Base
Delay
—=
I X Ali base cases with partial depressunzation are run to
ensure that NRHR proviades a long term heat sk
I X
10 m l - x
it I - x
2 X Water imjection sens; Use worst ADS conditons from
Case | -2
2 2 X
20 m 1 - x Operator actton tme sens, Use worst ADS condions
from Case 3 - 4
Sm i X
X ADS valve area sens; use worst case from Case | - 4
i - | hne X All base cases with full depressunzation are run
ensure that either 1) gravity drain from the IRWST,
! : ‘ 1 hine x or 2) NRHR provides a long term heat sk
1 - - 1 hne x
Om i - I hine X
10m i . 1 line X
0m - 1 - 1 hne X
2 : 1 hne X Water mjection sens; Use worst ADS conditions from
Case 10 - 12
17 2 2 - 1 line x
18 20 m 1 1 hine x Operator action time sens; Use worst ADS conditions
from Case 13 - IS
19 Sm 1 1 line 3
20 i line X ADS valve area sens; Use worst Case 10 - 15
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DOCUMENTATION OF RESULTS

RESULTS FROM ALL CASES WILL BE SUMMARIZED IN TABLES
- SEQUENCE TIMING INFORMATION

REACTOR TRIP

CMT ACTUATION

ADS ACTUATION (EACH STAGE)

PRHR ACTUATION (DURATION, IF APPLICABLE)
CORE UNCOVERY (DURATION)

IRWST INJECTION

- PEAK CORE TEMPERATURE, IF CORE UNCOVERS

KEY OUTPUT PARAMETERS FROM SELECTED CASES WILL BE SHOWN
IN PLOTS

- RCS PRESSURE

- RCS WATER LEVEL

- CORE TEMPERATURE

- IRWST INJECTION RATE
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MAAP-RELATED RAIS

. THERE WERE SEVERAL RAIS RELATIVE TO HOW MAAP ANALYSES
WERE USED TO SUPPORT THE LEVEL | SUCCESS CRITERIA

. THESE RAIS ARE BEING CONSIDERED AS THE MAAP ANALYSES ARE
REDONE

° RAIS CAN BE CATEGORIZED AS CONCERNS WITH:

- MISSING JUSTIFICATION OF SUCCESS CRITERIA (440.180A,
440.182, 440.184, 440.186A, 440.187)

. MIS-MATCH OF ANALYSIS ASSUMPTIONS WITH SUCCESS
CRITERIA THEY "SUPPORT" (440.1808, 440.182B, 440.186B)

- LACK OF CONSIDERATION OF ALL THE CASES (COMBINATIONS
OF CMT AND ACCUMULATOR AVAILABILITY IN 440.185)

DISCREPANCY WITH LICENSING BASIS RESULTS (440.187)
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SUMMARY

THE PROCESS OF DEFINING MAAY CASES HAS BEEN DEVELOPED TO
ENSURE THAT:

. THERE 1S CONSISTENCY BETWEEN THE SUCCESS CRITERIA AND
THE ASSUMPTIONS IN THE SUPPORTINC ANALYSIS

. APPLICABLE INITIATING EVENTS ARE CONSIDERED
. INTERACTION OF OTHER SYSTEMS IS CONSIDERED

- MAAP UNCERTAINTIES ARE CONS'DERED
- PASS!IVE SYSTEM UNCERTAINTIES ARE ADDRESSED

DOCUMENTATION OF THE MAAP RESULTS WILL BE THOROUGH AND
TRACEABLE
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