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SUBJECT: SUMMARY Of A MEETING ON SEPTEMBER 4, 1992, REGARDING 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 Pcuer Research Institute (EPRI) and
carried out by Erin Engineering. Meeting attendees are listed in Enclosure 1.
Slides presented by Entergy and Erin Engineering are in Enclosure 2.

This meeting provided an opportunity for representatives of NRC 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 Culf shutdown risk activt ies.
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Grand Gulf Nuclear Station Shutdown Risk Analysis Meeting
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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 Jim Hewitt

methodology-

generic results-

Insights from Grand George Zinke
*

Gulf RF05
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| i GGNS Shutdown Risk Activities
19f9 19f0 19,91 1992 1993

SANDIA SilUTDOWN PRA FOR GRAND GULF

BWROG OPCON 4/5 COMMITTEE
!

!A VOGTLE

NRC STAFF PLAN FOR EVALUATING SilUTDOWN RISK
,

'

GGNS SITE DRAFT
VISIT NUREG 1449

BWROG SHUI DOWN ISSUES COMMITEE

NUMARC SHU I DOWN PLANT ISSUES WORKING GROUP

NUMARC
GUIDELINES (91-06)
PUBLISilED

RI 05 PLANNING
:

EPRI PSSA FGR GGNh j
.

EPRI RISK MANAGEMENT GU!DELINES FOR GGNS
,

=

GGNS IMPLEMENT NUMARC 91-06 =

O'TAGE RISK REVIEW '-

'

RF05 =[

POST OUTAGE CRITIQUE =
:
|
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- .
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SELECTED OUTAGE INSIGHTS
SAFETY-SIGNIFICANT:

| } EVENT TRENDS
| i

i
t

.

LERs
: # of IR/ # of by'

Length _ irs day LEES day -

;

i

: RF01 88 days 60 .68 .4C .23
RF02 61 days 48 .79 12 .20

; RF03 44 days 30 .68 5 .11
RF04 57 days 32 .56 9 .16
RF05 52 days 25 .48 4 .08

| h
.

:
,

; irs /LERs capture all significant outage
*

; events
.

Positive trend is real - i.e. not due to
*

changing thresholds / definitions

,

A

t
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EVENT REVIEW RESULTS

LOSS OF COOLANT
ACCIDENT

At low water levels, insufficient water in*

Suppression Pool for recirculation path

Primary Containment not established*

ACTIONS:

Schedule changed to minimize low water-

level periods

External water sources available
-

Floodable primary containment-

|fes 9 To bwe '

gp crit # Mb '

i

. ..
. . . .

. .-
.
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EVENT REVIEW RESULTS

STATION BLACKOUT

Time to 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-

! D/U operable during low water volume at-
beginning of outage:

!
Com leted action based on NUREG 1410

-

to increase safety in switchyard activitieD
,

(Contingency pian)to include actions to-

prevent loss of power

!
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EVENT REVIEW RESULTS v%e
; *

<Y * JP
FIRE (('o

GGNS protects Division Iin accordance with*

Appendix R

Division I outage relies on unprotected
*

Division II

ACTIONS:

Focus on prevention:-

Knowledgeable personnel
f3l

-

5" g '/fo[Limiting ignition sources-

&

Additional vigilance for Division II-

|- .
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RF04 CORE DAMAGE RISK
(Actual Events and Data)
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RF04 CORE DAMAGE RISK -

I

..

Large/ Medium LOCA (873%)
S

: ,

DHR Pump Failure (2.7%)

Small LOCA(43%)
,

'

i
Ims of AC Power (23%) ''

RPV Draindown (3.4%)
,
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k
,

.{
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RF05 CORE DAMAGE RISK
(As Scheduled, February 1992)
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RF05 CORE DAMAGE RISK
(As Scheduled, April 1992)
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RF05 CORE DAMAGE RISK
(Actual Events and Data)
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RF05 CORE DAMAGE RISK
(ACTUAL EVENTS AND DATA)

DHR Pump Failure (19.8%)
SSW Pump Failure (12.0%)

)
Small LOCA (5.0%)

//
I;)ss of AC Power (4.7%)

F
Others (less than E-12 (3.2%)

,

Large/ Medium LOCA (55.3%) |

I
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RF04 RCS BOILING RISK
I

i
(ACTUAL EVENTS AND DATA)
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RF04 ~s0S BOILING RISK
(ACTUAL EVENTS AND DATA)

Simple !so!ation (2.4%)

DHR Pamp Failure (27.3%)

Actual Initiating Events (26.6%)

/
/ .

Other(2.1%)

/4

Loss of AC Power (1.5%) /
/

/ //
'

SDC Isolation (21.8%)
RPV isolation (18.3%)
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'RF05 RCS BOILING RISKI

i(AS SCIIEDULED, FEBRUARY 1992)
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RCS BOILING RISK IN MODES 4 AND 5
?
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(AS SCllEDULED, APRIL 1992) '
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RCS BOILING RISK. IN MODES 4 AND 5 !
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RISK OF RCS BOILING IN MODES 4 AND 5
(ACTUAL EVEN13 AND DATA)

SDCIsolation (15.7%)

RPV Isolation (15.0%)J

// Simpic Isolation (5.0%)
' '

loss of AC Power (2.4%)
SSW Pump Failure (27.8%)

[
,/

i
>

DHR Pump Failure (31.0%)

l

--
_ _ _ _

. .
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SELECTED INSIGHTS

Coincidence of high decay 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,
*

i'

unlike at-power operations

Emergency procedures were designed with
*

operating conditions in mind and do not reflect
all unique plant configurations during shutdown

Maintain shutdown cooling valve manipulations
*-

to a minimum

Investigate the need for better contingency plans
*

to restore primary containment

._
'
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EPRI
OUTAGE RISK ASSESSMENT
AND MANAGEMENT (' ORAM)

PROGRAM OVERVIEW I
4

; Presented to: :

o

i

; U.S. Nuclear Regulatory Commission |
: ,

I
i

:
-

By: 5D%$$$e
-

Engineenng and Research, Inc.,

:
4

For: Entergy Operations, Inc. ;;

! !
'

1

September 1992.
. .

m

.
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,

OUTAGE SAFETY & MANAGEMENT PROGRAM STRUCTURE
,

Outage Safety h
& Management

!

Outage Risk gu,gg gggy,yyyyg, gygg.g,,gg agggg,
"' #

,"## Enhancement Regulation Optimization, ,
I

-Outage Practices & - Review of Industry - At-Power vs. Shutdown -CAFTA Modeling for
Needs Experience Maintenance / Tests Configuration Analysis

-PSSA Developrnent - HRA Risk Studies -Malntenance Rule -PSSA Appilcations *

Requirements
-RMG Framework & -Insights from Plant -Outage Equipment

Applications Personnel -Justification to Operate Heilability Database
with Outage issues

-Contingency Planning -Human Error Reduction -Deterministic Models
Guidance -instrumentation Needs

-ORAM-TIP Software -Tech Spec Optimization

-Fire Risk Protection

'
_

Technology,

Transfer

51W
.
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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)

SoMM'

-
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. .
.

. . .

BENE =lTS OF ORAM PARTICIPK~lON
!

,

I

* Plan and control for outage safety'

;

Respond to NUMARC, INPO, NRC*:
' attention to safety

|
:
'

; * Make decisions from safety perspect.ive'

,

4

e

bE
,

s 4

.
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OVERVIEW OF PSSA METHODOLOGY
-

. . . . . .

A

|' { F, f F, | r, | 31 | g | n .. .ti .

i I s.*g
1 e i

|i .i 1

I i tC &

+

1 i iI Q '

t t tt 8 8
y _]

f f it t I ._ |
I

I I II I I
Q pg >g

8 I It i e a

Pt..e,,.st.o.. . 4 eg.e. [A.
i

... .. ..

$3h. :;

ii

s.s.*y r ees.. ns.o.s.
|I'8 9 "*f'CI's

,M olen oc nce
e.ete. ... s. ,ei.

--
- Vulnerabillie s..

' T leveight e
" 'I * '"I

4y rs e
#19) V s(r3

* ..... ,
.n, . p,

: * : 1 _

; . (........ . . . ..
. . . , . . . . .. ,n..
.

A sp.co .
,

$
-

o

'

4 .. .

|

t

h
4

4

4



. _- _ -_ . _ - _ _ _ _ _ _ _ _ - - - - - - _ - -

, _ !

F'

' ;

FEATURES OF j-

PSSA METHODOLOGY j
;

i

;-
;

Initiators determined from experience j! *
. .

!
t

* Multiple endstates .

.

t

Outage modelis timeline of Plant States" *

;

* Accident sequences using event trees
:

* Top events modeled emphasizing I:
-

i

Human actions:

! - Train unavailabilities !

: .

Results displayed as: *

: - Frequencies vs. time
! - Insights for risk management |-

:
:

'

$
<

*

! :
:

-

..

._ _
..
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QUESTIONS ANSWERED BY PSSA
.

* What Initiators are of concern and when?.

* What subsequent failures are important?

* What uriavailabilities are importa.nt?
.

* What contingency plans are important?

! * What human actions are critical?

* What issues are worthy of consideration?

.

Ed3!1M'

:
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i

| FEATURES OF RMG METHODOLOGY |
1

;

i !

j * Outage represented as series of plant states j
:

* Safety reviewed in terms of shutdown safety |
functions-

|

L
* Each plant state / safety function combination !

; reviewed with an SSFAT |.
,

. .

i * Level of safety function support represented by |
" color" :

!
'

;
* Risk Management Guidance (RMG) specific to |

| each piant state / safety function / color i

b * RMGs derived from PSSA, industry experience, '

1 and lessons learned
i

!
! :

! SaWW !

!
:

, _
_ - - . . _ _ _ . _ _ _ _
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FEATURES OF RMG Mt-IHODOLCGY'

(continued)

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

* To be used in outage planning, control, !

and post-outage . .

.

* Based on " Defense in Depth"
:

|

* Identifies rieed for Contingency Plans

I

* Provides graded approach depending on
level of safety function support

ER'M
'

. .

- - - _
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.

. i

..

+p-
*

EXAMPLE SSFAT FORMAT
Safety Function: Shutdown Cooling

sArErY

ALTERNATE RESPONSE / TUNCTION
rRIMARY RESrONSE/INI TIATOR/ MITIGATION SYSTEMS S TAitis |.

ll!Gli RISK EVOLUTION MITIGATION SYSTEMS w- ~

xy
- c ' Green

ALTERN AT E !1 - Yellow
RIIR '

SYST E M 1
- soc

,

-+

CAPABILIT Y CAPADILIT Y O - Orrnge ,

'I
^

' " '9 '
ALTERNATE

- soc
ACTIVITY N0 CAPABILITY ! 1

- Red- - ,
i

WITH soc
ISOLATION
POTENTIAL Yes - Yellow

-

g

ALT E RN AT E !I
' " #

niin

SYSTEM 1
- SDC' -+

CAPADILITY CAI'ABILIT Y O ~ Orange
,

. ALTEnHATE >1 - Orange
- SDC

y1 - RedCAPABILI TY

i

I -. -. ._
..

- -

- - - - - - - .
-

- -

.-

- - - -
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i

i KEY ~ SAFE I Y FUNCTIONS !
; CONSIDERED IN RMG |
~

i

f'

'

t

* ReacUvity Control
.

;
* Shutdown Cooling

t.

! * Fuel Pool Cooling !
;

. ..

* Inventory Control |
'

! :
* Electric Power Control |

| * ' Vital Support System Control
!

'

Primary and Secondary Containment Control j: *

i i

|

|
'

<

| L* 1

'
!

. .

e e
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i

RISK MANAGEMENT GUIDELINES :

(INVEPRORY)

i

|
Color

Plant State (s) Code Guideline Technical Ep
O Maintain enough water in the ECCS pump operation with SP level |

suppression pooi, CST, and RWST to below 14.5 ft could be unstable and>

keep suppression pool water level cause equipment damage (EP-2,,

i above 14.5 ft c'ter a LOCA. For the Caution #5). ,

CST, credit only the volume above the4
i

| level ut 18 ft. . Per TW uicsi Speciin,aGoos, when in
~

-

.

Modes 4 and 5 with suppression pool I

; level below 12 ft 8 in, the CST must
*

have 170,000 gal!cns reserved for
HPCS use. This corresponds to a4

'
CST level of 18 feet. Only the volume
above that level is available if HPCS

,

; injection fails. This excess volume
could be transferred to t!e RCS '

through either the CBD or condensate ;

transfer system. |
>

:

}

|

|

|

!
. .
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t
:
;

:
- I

RISK MANAGEMENT GUIDELINES ,

(SHUTDOWN COOLING, SFP COOLING) f
3

'

_
-

,

F Color ;

Plant State (s) Code ' Guideline Tm,lu Asal Basis
,

Mode 3-4 Y Avoid activities which increase the * NSAC-175
chance of dis 8blire the decay beat

Mode 5, UPPER POOL ' removal system. In peticular,- The chance of decay heet removal i

surveillance testing of RPV water level system isolabon events dominates the {= EMPTY *"
'

Instrument ch. -es should b3 chance of RCS boiling when not in f
I. deferred whenever possible. These Mode 5 wJth the refueling cavity L

i
'

include: flooded. The time to recover f;om an !
..

isvistion event may be short, but, 'f'

|
|

* Channel checks, funchonal tet, besed on industry experience, it
remains si Kusd evnyered to the

| and calibration y
-

j - Logic system functions! tests time for RCS boiling. r

i * 15de;on system response time !

|ueu u ou mu o> '

|
-

i-

[ These actmhes have been smurg the
uun= = n causes of inadvertent RPV,

.t
CO dNnn66i, and auxiliary btilding

[-
isolation events.

!:
,

J !:'

i r

! Ii

L r

i l

! I-

< ;'

'
- , -, ,, . - - . , , . , - - ~ . - , . , , , . . . , . , . ., ,, .- _ -
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ORAM-TIP: WHAT IS IT?

.

* Outage Risk Assessment and Management -
-

Iechnologyintegration P_ackage

* Outage safety PC workstation software

* Integrates products of EPRI ORAM project

J
-
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,

ORAM-TIP MODULES

Evaluation s

Module Output
_

;[ StatesPlant
; Plant States Database

,

. ' Plant State and
Colors' for eachSS AT.

- -
Evaluator 1j Safety Function

v

Risk Occumented response
Guidance > and basis for each
Module item

Enter at appropriate -
-

module for planning, Probabilletic Cutage eper:ific model
tracking, change > Shutdovm Safety & of various safety
control, or outage Assesem measures
cr6tique

* Time lines of plant
Report T states, colcro, risk,~ *

Generefor * Outage reporte
* Daily status reporte.

,

Summaries of outage
Effectivenese > effectiveness*

Monitono parametere

Proces , e Plant specine modul**
; initialization j . updates to modutte

and Updafte
.

.

.

I
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RESOURCE REQUIREMENTS -

FOR PSSA

A. Creation of PSSA Plant Model

6-8- person-months
Based on Peach Bottom experience

B. Evaluate a New Outage with Existing Mddel~

1-2 person-months !
'

Based on Grand Gulf. experience

C. Type of Expertise Required

PRA experience helpful to build model
Outage planning personnel to apply model

M M~

. .
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i

EPRI |

'

t

BWR SHUTDOWN SAFETY ASSESSMENT: |

RESULTS, INSIGHTS, AND METHOD
i i

i

!
-

|
Presentation to:

' US NUCLEAR REGULATORY COMMISSION -

i !
! OFFICE OF. NUCLEAR REACTOR REGULATION !

!:

!
'

By: |
i

Jim Hewitt !
-

!

John Gaertner !
!

September 4,1992 |
:

6e

;
-

i

* . >

1
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c '

:. FOUR QUESTIONS FOR A PSSA
i

~

.

'
i
!

j l. How does plant safety vary over the course of an outage? |
1 -

!
i

I

i 11. Which-factors dominate risk'?
i- i
.

i

.

L 111. How can plant safety best be improved?
.

! !
:

i

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

!
!

.T

|

f'i

i !

!
. -

I
: MN l-

|
- _J i

!
_

_ _ _

i
['

s es

! !
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CONTRASTING RISK ASSESSVENT IVETHOJS
:

TOPIC STANDARD PRA CHRONOLOGICAL RISK $
MODEL

Plant States 1 m
~

Maintenance " AVERAGE" 0-1 Values
Unavailability Unavailability i

|

Fault Tree Components Trains |

Event Tree Multiple Safety Single Safety Function |

Functions ;

Quantification REBECA LOTUS-123
Tool

Validity Plant Life Specific Outage
_ _ _

;

i
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! QUESTION #1
4

: ,
i >
'

!

: ,

| How does plant safety vary |
,

''
.

; over the course of an outage? |
a

,.

t !
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RCS BOILING RISK IN MODES 4 AND 5 )
i
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MARK lli SUPPRESSIC>N POOL
..
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RPV

|

!
WEIR WEIR g
WALL W At.L

!18- Nonuet
LEVEL

REACTOR .

11- - ECCS
'

SUCTION CAVITY

O - .

;

.

W
m g



_ _ _ _ . _ . . _ . . _ . . _ _ . _ _ _ _ _ _ _ . . ___ . _ _ _ _ _ . _ _ . _ . . . . . . . . . _ _ _ . _ _ . _ _ . . . _ _ _ . _ . = . _ . . _ . __ -

,

l
,

o
e

i

l

-

_

v
-

If.' n
- > o
' / n- 4

_
*

.2m
% _
- .

k, 0"._:
w e v1..

*a D C.
L v

/ t cnWN
| . oW ' N -

.e:C sq ! 3
a-

/ = 1 ,

w < ' 6
R 6 ,

-
o

- , | - i
_. 4 '

oi ..

o
e, e O e
min H >-
e,.e : 2 o

O v Om o >
4 fby .

_o e
e v N ECo e -

o wn, --

WD ? i

2:
~

/
-
v e

ir. v
l~

r/.
o

_

| |
a t i i i i i i ; fo? ?'

P ' i i s ii

n_n x e o m-

o o o n n ,

l I I i 1 | |
W W W W W y y

|
- - - , , ,_

i-

Jnoy/s4uere *Asuanba>3 eSowoO #JoD

,

-_,.v,. - . .

. .. ,_ ___,_,,_,,.....-,..,_,_,,,,m._, , , ..,,,.,r. , , _ _ _ . _ . , , , , , , , . , , _ _ . . . , , _ _ . , , , , , . - . . . . , . - , , , , , . . . , . . , ,



. ,.f?ft t:|iii .!+!: f+!Ii<tr | tYi>!ii*I(rt t;[!ii; I i. -[ >j , !f !i

. :i -

._ .

. .

_.

._ .

_
.

_ G .

6

._
_ _

_

_.
_

_

_ 8
)0 ,

n-
_ e _

Ep

_ o 6
5. e

_
b
u

l

K r

_
e :eS f

E g 0,

( a 4I
_ r

_ R ne
ov t

A - ri
. t oc -

_ G u e i

S g S
o eN Vt guP

_
-

C

O oI R l

L - o

_
h ,

_I t
i

_-

w .

rO _ e
t

R _ f

3 n Al

_.
I o i

R
_

i st

yc l _

_ P u r a
_

S a _ D
F S ._.

t

.P . 0 e_

.
F 3S S 2 m_

_
i

Th

4
t. i

w

_ 0 ~
R

F H
_ D

R A

_ f
r

,

o
t

_. S

_

_ .

O' "v_
|* '

_ '" - - _ _
-

'- '. - -
- _ -

_ - 4 5 6 7 8
0 0 0 0 0

- - - - -
_ E E E E E

1 1 1 I 1

.

.

i

5 3oIgo c e>* .> uE' t es h cc~ om Gtan-
- r . . . .

i

,: i ',4 < ! - ' ;< -1 - |;ji| ;4 .i:i ;.!1i;i!, ' <<i!;!1 ,2 !!:|!



- - ---------- - . - _ . _. .

. ..
.

i

I 6

i

I|b

|

i

: QUESTION #2
: .

!
j. .

L Which factors dominate |
2
i r

! shutdown risk? !
i

, !-

,
-

!
I

|i

!.

!
i

i

!

M M* {
--

- j,

; i

! !
-

,
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RF04 CORE DAMAGE RISK
,

' DilR Pump Follure (0.6%)
RPV Droindown (3.Po%)wer (2.3%)

5 !
Loss of AC

[ [
__. , ____ ._ -

Small LOCA (4.4%) j

,

4

- SSW Pump Foilere (0.6%) !

J

i
'

{
;

L / /
, -
i :

:
1

'

i
;

i;
r

! t
,

t .

*

i

? .

! - k

i
; [

.

4

' !,

\ !.

|i N' ./ ;:
/

i

}
.

N. * - - ~~'

,' Lorge/ Medium LOCA (88.7%) >

I*

i
'

l
!

I
'

i
4 i

i !

. . _-_ - . ,
I

'

._ _ ., - -, , , , - ., .-,-



; L| . ig: i;| ! | If . I ; i l |i [ , i| l|j
-

-
.
.

=

s

*

)
%)

% 8
8 5

25 (
2
( n

i

n a
w r

do
d

wn oi

-

a t

1
_ r 1~

D n

/iM
x ,

N /.

N' j
.

-

K N

/
S
I

R
-

-G
N
I,
i
l

.

O -
-

-
l ,k

-l )
%

P 6 - )
F %1

( ^ ~ 2S ~'
_

r_ 2

/e
_ (h
.

1
t r_

,_ O O e
w_ F / o

R P-

/ C
A

\x'
f

o
s

\ s
_ o

L

j

)
%
6

4
4
(

e
- r
- u_

_ t
l

o
F
p

m
u
f

4 '



_ .- _ _ _ . _ _ _ _ . _ _ _ _ ___

,,
,

!

,

i

:

Ill. How can plant safety best be improved?
\i

i

: :
,

SAFET( MEASURE SAEETY MANAGEMENT INSIGHTS i

Carefully schedule key tasks |RCS BOILING e

(those associated with SDC or RPV isolation) |-

1

1 ,

Increase RCS thermal margine
2 f

Keep suppression pool level near normalt e
during Mode 4 ,

;

Plan for suppression pool use in Mode 5e
,

Strengthen procedures goveming RHR [*-

system valves |;

f

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

'

!e Reduce the number of DHR valve
] manipulations

!,

! |

1 |

52195 |
L.

- - .
,

__
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'

,

r

f

til. How can plant safety best be improved? (continued) !
4

,

,

'

SAFETY MEASURE .SAEETY MANAGEMENT INSIGHTS ::

i.

;

Cerefully scheo~ule tasks requiring low j

| CORE DAMAGE e
*

suppression pool level
L ;

Develop inventory control plan when }e
; suppression pool level is low 1

j
[

I .4

Develop contingency plans for restoring !

|
*

containment during Mode 5 j
.

I

!
i '

Strengthen controls to avoid misplaced1

REACTIVITY EXCURSION e*

(Prompt Critical Event) fuel bundles,

4

i

Strengthen procedures governing CRD pump| COLD e ,

i OVERPRESSURIZATION operation during Mode 4 :
|
>

f

!

'

i

S$ [

;
-

|
'

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

!i

! !

! SAFETY MEASURE PSSA RESULT COMPARABLE STATISTICS |
|*

[

1- US BWRs, 1977-1%89
i RCS BOILING 1.5E-2/ year 1.6E-2/ year-
! .

NUREG/CR-4550 |j
. CORE DAMAGE 3.5E-6/ year 4.0E-6/ year ||

|
- 89% LOCA - 94% Station blackoui !

6% ATWS i; ' -

:
|

fRSSMAP.
- 72% Transient j

i 15% ATWS '
-

,

! 13% LOCA-

i

I SEABROOK - MODES 4,5, and 6 .

L 4.5E-5/ year [
- 82% Loss of RHR !>

f| - 18% LOCA
>

t

: - I

f
: :

!

1 .|
! i
1 __.1. - .. - - . _._ . - -.. ..
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SHUTDOWN SAFETY ANALYSIS MODEL
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INITIATING EVE''! '
'

i

FREQUENCY
I

(events / hour) SOURCE

DHR Pump Failure 1.0E-05 IEEE Std 5001984

SSW Pump Failure 1.0E-05 IEEE Std 5001984

Div i AC/DC Bus Failure 2.0E-07 iEEE Std 5001984

Div 11 AC/DC Bus Failure 2.0E-07 IEEE Std 5001984

SDC lsolation 8.3E-05 NSAC-88/157
i

e RPV ! solation 5.4E-05 NSAC 38/157

Loss of AC Power 2.0E-05 NSAC-166, NUREG-1410

Loss of instrument Air 9.6E-08 NUREG-4550 g

Large LOCA 1.1 E-08 NUREG-4550
-
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_

_

W Y3' . '' ) .A1
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|

| COUPt.ING INITIATING EVENTS AND RECOVERY ACTIONS

INITIATOR RECOVERY EVENT TREE
ASSUMPTIONS

System (s) OK,
Simple isolation

P (No Recovery)*
System (s) Disabled

* Formula combines historical and thermal hydraulic data

,

* ,e

--- - e
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LOSP EVENTS RELEVANT TO SHUTDOWN RISK
(NUREG-1410,11 SAC- 166 Event Doto)

I ~~ 21 _. ._- g
-O

At Power Model y~
(NUREG/CR-4SSO - . - U
0.9 -

[ L1
0. 8 -- o

|
D 0.7 -

J -

5
$ 0.6 -

? R
~

~

[ Shutdown Risk Model
-l

2 P(T < t) = 1 - EXP (-0.82 + t ^(0.56))
5 0.4 - r
3 .. . .

-

b 0.3 - ]

0. 2 - .j
\ :

( .1

0. i -j

i i , , , , , , 3 , , , , , , , , ,
0 -1 1

0 2 4 6 8 10 12 14 16 18

DURATION. hours
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Train A RIIR in SDC
Meile Faile

OR

As AA ATreesARIIR 2.xi
'

liigh Reecsor Train A Stendhy Division i Trein A RHR in Di-issonVeseet Preaeur, Service Weser DC I%wer SDC Mede Syaecm AC PWwer(!35swia) Uneveilable Un.voilable llentwere Peilem Uneveilable Uneveil.ble

6
1.59E 03

,
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Faun Tree Example
. .

.

i

|

Train B RilR in 3DC
Mode Falle

I
i

OR

A As D k AA'
Ili h Reeceer Train 8 Sienalby evesson Il Train B Tasen B RilR Division IIVee Presente Service Water AC Ftrwer RilR Sysectn DC Nwer

1135smial Uneve%ble Unevehble liardware Pauvree Unevaihble Uneveilable, n

OR

I I

risin B RilR liardwerg Train B RIIR in
Peileres Given 3DC Male

Train A RIIR Pelle llantwere Psilvere

b- 6
1.39E 03

I
~~ ~

..

Conunce Cowes Train A RilR >

Peileres Defcas Nih blerdware
RIIR Traine Peilure

6
4.10E 04
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EQUIVALENT METHODS FOR LOGIC MODELS '

;

FAULT TREE FORMULA

!

SYSif M [
'

r^* * IF System _ status = " UNAVAILABLE"-

THEN P(Fail) = 1.0
:

I ELSE P(Fail) = xxE-y
,

.

RANDOM*

/ F Aft t>RE S .

SYSITM I

UNAVAtt A8t E

i

i
1
i

L

mens -
;

h
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