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Docxet No, 50-416 September 24, 1992

LICENSEE: Entergy Operations, Inc.
FACILITY: Grand Gulf Nuclear Station

SUBJECT:  SUMMARY OF A MEETING ON SEPTEMBER 4, 1992, RCGARDING THE GRAND
GULF NUCLEAR STATION SHUTDOWN RISK ANALYSIS

On September 4, 1992, representatives of Entergy Operations, Inc., and its
contractor, Erin Engineering and Research, Inc., briefed NRC management and
staff on Grand Gulf Nuclear Station Shutdown Ri_k Activities and on the
methodology and generic results of the Probabalistic Shutdown Safety
Assessment sponsored by the Electric Pewer Research Institute (EPRI) and
carriea out by Erin [ng1neer1n9. Meeting attendees are listed in Enclosure 1.
S1ides presented by Entergy and Erin Engineering are in Enclosure 2,

This meeting provided an opportunity for representatives of NKC management and
staff involved in probabalistic risk assessment (PRA) and shutdown risk
assessment to have a detailed discussion of the methodology and results
achieved thus far in the Grand sulf shutdown risk activi ies.
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Grand Gulf Nuclear Station Shutdown Risk Anaiysis Mecting
List of Attendees
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Richard Robinson RES/DSIR/PRAB
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Grand Gulf Nuclear Station
Presentation to NRC Staff
September 4, 1992

PRA
and
Shutdown Risk Management

* Introduction - George Zinke
Grand Gulf shutdown
risk activities

*  Probabilistic Shutdown John Gaertner/
Safety Assessment Jirn Hewitt

- methodology
= generic results

*  Insights from Grand George Zinke
Gulf RF05




Introduction

Grand Gulf Shutdown

Risk Activities
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GGNS Shutdown Risk ACthltleS

i‘)’i‘) I~)9() I‘)")I 1992 19913

SANDIA SHUTDOWN PRA FOR GPAND GULF

| BWROG ()P(‘()N 4/5 C()MMITTFF B

A VOGTLE
NRC STAFF PLAN FOR EVALUATING SHUTDOWN RISK
GGNS SITE DRAFT
VISIT NUREG 1449

BWROG SHUTDOWN ISSUES COMMITEE

NUMARC SHUTDOWN PLANT ISSUES WORKING GROUP
! NUMARC o

GUIDELINES (91-06)
PUBLISHED

] RS PUANNING

| EPRIPSSA FORGGNS |
EPRI RISK MANAGEMENT GUIDELINES FOR GGNS —*r 3

GGNS IMPLEMENT NUTARC 91-06 ——= h]
(7 T AGE RISK REVIEW s !
RFOS sy U

POST OUTAGE CRITIQUE — ’{ ]



M"ﬁ-_“——

SELECTED OUTAGE INSIGHTS
SAFETY-SIGNIFICANT
! EVENT TRENDS

LERs
#of IR/ #of by

Length IRs day LERs day

RFO1 88days 60 .48 .~ .23
RF02 6ldays 48 .79 12 .20
RF03 d44days 30 .68 5 11
RFO4 S7days 32 .56 9 16
RFCS S2days 25 48 4 .08

* IRS/LERs capture all significant ovtage
events

*  Positive trend is real - i.e. not due to
changing thresholds/definitions




Probabilistic Shutdown

Safety Assessment




Insights From

Grand Gulf RF05




ACCIDENT

At low water levels, insufficient water in
Suppression Pool for recirculation path

* Primary Containment not established

| ACTIONS:

] Schedule changed to minimize low water
!r lc‘\c’.'l pcrmd\
|
External water sources availlable
| Floodable primary containment
! 4 7 F L ,{‘
é _ fp;\‘ L { ‘..'“' 1 -
1
E
!
a_
1
b
!

.@ EVENT REVIEW RESULTS
LOSS OF COOLANT |
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EVENT REVIEW RESULTS
STATION BLACKOUT
* Time (o boil is key parameter
- Decay heat load
- Water volume
- Time to recover power

®  Highest risk period is early in outage (high
decay heat) with vessel not flooded in upper
pool (low water volume)

ACTIONS: _.
’/—/'—_.‘ ~\\\\»
*
- ( Changed schedule }o maintain Division III
¥,
DG operable during low water volume at

beginning or outage

CMgﬂjd action based on NUREG 1410
to@crease safety in switchyard activities >

—

- CContingency@to include actions to
prevent loss of power




EVENT REVIEW RESULTS . %"
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GGNS protects Division I in accordance with
Appendix R

Division I outage relies on unprotected
Division I

ACTIONS:

Focus on prevention:

Knowledgeable personnel

Limiting ignition sources

Additional vigilance for Division I1




RFO4 CORE DAMAGE RISK

(Actual Events and Data)
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E RISK

RF04 CORE DAMAG

Large/Medium 1L OCA ( 87.3%)

DHR Pump Failure ( 2.7%)
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RPV Draindown (3.4%)




RFO5 CORE DAMAGE RISK

(As Scheduled, February 1992)
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Core Damage Frequency, events/hour

RFO5 CORE DAMAGE RISK

(As Scheduled, April 1992)
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Core Damage Frequency, events/hour

RFO5 CORE DAMAGE RISK

(Actual Events and Data)

1E-07

iEo8 !

4

lE-11

1E-12

1509 ,
1

1E-10 |}

—— -

SSw B ourt
OF SERVICE

.

RX CAViTY

) 4 /nooow
2 7
)\

h

T

F()u!agcAvrragcr 2IAE 10

RX CAVITY DRAINED
WITH LOW SUPP POOL

RHA B RESTORED

hamae S

-

o oa

Time, Days After Outage Start

I



RFO5 CORE DAMAGE RISK

{(ACTUAL EVENTS AND DATA)

DHR Pump Failure (198%)

 Pump Faslure (12.0%)

Small LOCA (5.0%)

Loss of AC Power (4.7%)
w n:x't. - "-
"6"%’)".‘}“.

Others (lessthan FE—-12(3.2%)

Large™edium LOCA (55.3%)




RCS Beiling Frequency, events/hour

RF04 RCS BOILING RISK

(ACTUAL EVENTS AND DATA)
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CS BOILING RISK

(ACTUAL EVENTS AND D

RFO2 7,

ATA)

4%)

f

L

Simple Tsctation

DHR Pump Failure (27.3%)

Actual Initiating Fvents (26.6%)

&
d
£
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4 ’('
Luss of AC Power (1.5%) \:

SDC Isolation (21.8%)

RPV Isolation (18.3%)



RCS Boiling Frequency, eventshour

RFO5 RCS BOILING RISK

(AS SCHEDULED, FEBRUARY 1992)
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RCS Boiling Frequency, events/hour
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RCS BOILING RISK IN MODES 4 AND 5

(AS SCHEDULED, APRIL 1992)
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RCS Boiling Frequency, events/hour

{E-07

RCS BOILING RiSK IN MODES 4 AND 5

(ACTUAL EVENTS AND DATA)
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RISK OF RCS BOILING IN MODES 4 AND 5

'AL EVENTS AND DATA)

SDC Isolation (15

Simpile Isolation (5.0%)

l‘“‘ '.!f A‘ a P:‘er { ‘? va: )

S W Pump Failure (27 8%

Other {3.0%)

DHR Pump Failure (31 9%)

’
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SELECTED INSIGHTS

* Coincidence of high dccay heat and low water
level should be minimized

*  Sensitivity to suppression/fuel pool levels and
LOCA

* Maintain RCS temperature well below Tech
Spec limits to increase thermal margin

* AC power failures are a small risk contributor,
unlike at-power cnerations

*  Emergency procedures were designed with
operating conditions in mind and do not reflect
all unique plant configurations during shutdown

*  Maintain shutdown cooling valve manipulations
t0 @ minimum

* Investigate the need for beuter contingency plans
tO restore primary containment




OUTAGE RISK ASSESSMENT
AND MANAGEMENT (ORAM)

U.S.

By:

For:

PROGRAM OVERVIEW

Presented to:

Nuclear Regulatory Commission

Entergy Operations, Inc.

September 1992

e (E}
Syl ; / Engineering and Research, Inc.




OUTAGE SAFETY & MANAGEMENT PROGRAM STRUCTURE

it
|

Outage Risk
Assessment &
Managemant

— Outage Practices &
Needs

— PSSA Development

- RMG Framework &
Applications

— Contingency Planning
Guidance

L OAAM-TIP Software

|

-

Human Reliability
Enhancement

- Review of Industry
Experience

- HRA Risk Studies

- Insights from Plant
Personnei

- Human Error Reduction

Outage Safety l

& Management '

|

Risk-Based
Regulation

L At-Power vs Shutdown
tainternance/Tests

- Maimtenance Rule
Requirements

- Justification to Operaie
with Outage lssues

- Instrumentation Needs
- Tech Spec Optimization

- Fire Risk Protection

Outage
Optimization

- CAF TA Modeling for
Configuration Anaiyais

L PSSA Jppilcations

- Outage Equipment
Reilability Database

- Deterministic Models

Technology

Transfer

e

—




STEPS IN ORAM PROCESS

Understanding Current Practices and Needs
(Utility Survey, NSAC-173/174)

Development of Probabilistic Shutdown
Safety Assessment (PSSA, NSAC-175/176)

Development of Risk Management
Process (RMG, end of 1992)

Applications of PSSA and RMG using
ORAM-TIP {end of 1992)




BENEFITS OF ORAM PARTICIPATION

e Plan and control for outage safety

e Respond to NUMARC, INPO, NRC
attention to safety

¢« Make decisions from safety perspective




OVERVIEW OF PSSA METHODOLOGY
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FEATUREES OF
PSSA METHODOLOGY

Initiators determined from experiernce
Muitiple endstates

Outage model is timeline of Plant States
Accident sequences using event trees

Top events modeled emphasizing

— Human actlions
— Train unavailabilities

Results displayed as
— Frequencies vs. time
— Insights for risk managerient




QUESTIONS ANSWERED BY PSSA

* What Initiators are of concern and when?
® What subsequent failures are important?
e What unavailabilities are important?

e What contingency plans are important?
¢ What human actions are critical?

e What issues are worthy of consideration?

e

°
L .»:/\&’-’H‘« /
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FEATURES OF RMG METHODOLOGY

Outage represented as ceries of plant states

Safety reviewed in terms of shutdown safety
functions

Each plant siale/safety fun<ition combination
reviewed with an SSFAT

Level of safety function support represented Ly
"color”

Risk Management Guidance (RMG) specific to
each piant state/safe:y runction/color

RMGs derived from PSSA, industry experience,
and lessons learned

EN




FEATURES OF RMG METHODOLOGY

(continued)

RMG process supportive of NUMARC initiative,
INPO guidance, NUREG-1449

To be used in outag” planning, control,
and nost-outag

Based on "Defense in Depth’

Identifies rneed for Contingency Plans

Provides graded approach depending on
level of safety function support
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KEY SAFETY FUNCTIONS
CONSIDERED IN RMG

Reac.uvity Control

Shutdown Cooling

Fuel Pool Cooling

Inventory Control

Electric Power Control

Vital Support System Control

Primary and Secondary Containment Control




RISK MANAGEMENT GUIDELINES

{(INVENTORY)
Coior
Plant State(s) Code Gudesline Techmical Easis
0 Mantain enough water in the ECCS pump operation with SP level
suppression poo:, CST, and RWST 1o below 145 !t could be unstabie and
kaep suppression poot water level cause equipment damage (EP-2,
above 145 ft #%er 5 LOCA. For the Caution #5).

CST, credit only the volume above the
fevel ot 18 Rt

P=7 Technical Specifications, when in
Modes 4 and 5 with suppression poo!
level below 12 t 8 in, the CST must
have 170,000 gafons recerved for
HPCS usa. This corresponds to a
CST level of 18 fest. Only the volume
above that level is available # HPCS
injection falle. This excess volume
couid be transfarred to e RCS
through either the CRD or condensate

transfer system




RISK MANAGEMENT GUIDELINES
(SHUTDOWN COOLING, SFP COOLING)

[ ]
Color
Piant State(s) Code Guideline Techr:cal dasis
Mode 3-4 Y Avoid activities which increase the * NSAC-75
chance of disabling the decay heat
Mode 5, UPPER POOL removal system. in particular, The chance of decay heat removal
= "EMPTY" surveillance testing of RPV water level | system isofation svents dominates ihe
instrument channeis should ba chance of RCS boiling when not in
deferred whenever possibie. These Mode 5 with the refusiing cavity
include: flooded. The time to recover f-om an

mmmmmm




ORAM-TIP: WHAT IS IT?

e Qutage Risk Assessment and Managemernt -
Technology Integration Package

e Qutage safety PC workstation software

e [ntegrates products of EPRI ORAM project




ORAM-TIP MOCULES
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RESOURCE REQUIREMENTS
FOR PSSA

A. Creation of PSSA Plant Model
e 6-8 per~on-months
« Based on Peach Bottom experience
B. Evaluate a New Outage with Existing Model
e 1-2 person-months
« Based on Grand Gulf experience
C. Type of Expertise Required

* PRA experience helpful to build model
« Qutage planning personnel to apply model

E-__’Al




BWR SHUTDOWN SAFETY ASSESSMENT:
RESULTS, INSIGHTS, AND METHOD

Presentation to:

US NUCLEAR REGULATORY COMMISSION
CFFICE OF NUCLEAR REACTOR REGULATION

By:
Jim Hewitt |
John Gaertner

September 4, 1992




5

V.

FO'JF QUESTIONS FCR A PSSA

How does plant safety vary over the course of an outage?

Which factors dominate risk?

How can plant safety best be improved?

How do PSSA results compare with other plant safety measures?

7z o

LT B . .
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CONTRASTING RISK ASSESSMENT METHODS

TOPIC STANDARD PRA! CHRONOLOGICAL RISK
MODEL
_—_._mirwnm
Plant States 1 00
WJAaintenance "A\VVTRAGE" 0-1 Values
Unavailability Unavailability
Fault Tree Components  Trains
Event Tree PAultiple Safety | Single Safety Function
Functions
Quantification REBECA LO TUS-123
Tool l
Validity Plant Life Specific Outage ‘




QUESTION #1

How does plant safety vary
over the course of an outage?




RCS Boiling Frequency, events/hour

RCS BOILING RISK IN MODES 4 AND 5
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QUESTION #2

Which factors dominate
shutdown risk?
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RFO4 CORE DAMAGE RISK

DHR Pump Failure (0.6%)
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IIl. How can plant safety best be improved?

SAFETY MEASURE SAFETY MANAGEMENT INSIGHTS

RCS BOILING e  Carefully schedule key tasks
y (those associated with SDC or RPV isolation)

e increase RCS thermal margin

¢ keep suppression pool level near normal
during Mode 4

e Plan for suppression pool use in Mode 5

e Strengthen procecures governing RHR
system valves

e Recognize the risk of operating with only
one DHR train available, even in Mode 5 HWL

. Reduce the number of DHR valve
manipulations
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IIl. How can plant safety best be improved? (continued)

SAFETY MEASURE SAFETY MANAGEMENT INSIGHTS

CCRE DAMAGE e Carefully schequie tasks requiring low
suppression pool level

e Davelop inventory control plan when
suppression pool level is low

s Develop contingency plans for restoring
containment during Mode 5

REACTMITY EXCURSION e Streagthen controls to avoic misplaced
{(Prompt Critical Event) fuel bundies
COLD e Strengthen procedures governing CRD pump

OVERPRESSURIZATION operation during Mode 4




IV.How do PSSA results compare with other plant safety measures?

SAFETY MEASURE

RCS B0ILING

PSSA RESULT

1.5E-Z2/year

COMPARABLE S.ATISTICS

US BWRs, 1977-1:89
1.6E-2/year

CORE DAMAGE

3.5E-6/year
- 89% LOCA

NUREG/CR-4550

4 OE-6/year
- 94% Station blackou:
- 6% ATWS

RSSMAP
- 72% Transient
- 15% ATWS
- 13% LOCA

SEABROOK - MODES 4,5,and 6
4 5E-S/year

- 82% Loss of RHR

- 18% LOCA




SHUTDOWN SAFETY ANALYSIS MODEL

INITIATING EVENTS
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CRAMD GRT RIS SMIBOUE PLART STATES DATARAS
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DR Pump Failure

SSW Pump Failure

Div { AC/DC Bus Failure
Div Il AC/DC Bus Fatlure
SDC lIsolation

RPV !solation

Loss of AC Power

Loss of instrument Air
Large LOCA

INITIATINC E7E]

FREQUIENCY
(events/hour)

2.0E-07
8.3E-05
5.4E-05
2.0E-05
9.6E-08
1.1E-08

SOURCE

IEEE Stc. 500 1984
IEEE Std 500 1984
iEEE Std 500 1984
IEEE Std 500 1984

NSAC-88/157
NSAT 38/157

NSAC-156, NUREG-14i0

NUREG-4550

NUREG-4550




COUP' ING INITIATING EVENTS AND RECOVERY ACTIONS

INITIATOR | RECOVERY EVENT TREE
| | ASSUMPTIONS

System(s) OK,
Simple Isolation
}
|
|
|

| P (No Recovery)* L |
‘ System(s) Disabled

*Formula combanes historical and thermal hydraulic data
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LOSP EVENTS RELEVANT TO SHUTDOWN RISK

WIREG—-1410, NSAC—-16 vent Doto
NUREG - 141 MSAC-166 E t Doto)
BESARESYSE NSRS - e e e e e ‘1
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;’ Troin A RHA in SDC
f Maode Pails

i = SN o 1
" Migh Resctor I “Train A Standby i Divisson § [ Trsin A RHR in , [ Trein A RHR )
!

]

Ny i
Veascl Preseure ’ e

{33 peig)

Service Waier AC Powey
Unevaslab le

DC Power SDC Mode
) Uneveilehis Unavailehle {

Svetem ’

_Herdware Patlures } Unsvaileble Il

( I")

i S99 m




Fa: * Tree Example

Train B RHR ia SDC
" Mode Pails

e 1 T
" Trein B Siandby Division 1l Trein B l RHR Dvnob- ]
Vnn‘ M Service Nolcv AC N-u RiR System
{139 peig) Unava'lable Unaveileb Hardware Pallures Unavaiiable vuhb.o

i i |
min B RHR l Tenin B RUR in
Failures Given
Truin A RHR Pails Lllm FPatlures |

[IJ,.,.D ”(;!5;

i

Common (suse Tenin A RIR
Failures Defest Both ardwere
RIR Trains Peilure

O

4 108 04



EQUIVALENT METHODS FOR LOGIC MODELS

FAULT TREE FORMULA
|
I, s sl IF System status = "UNAVAILABLE"
D THEN P(Fail) = 1.C
J ELSE P(rail) = xxE-y

{WIVM nBLE

5 |




