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GE PRESENTAT10f1 TO THE NRC OPERATING BPANCH

I. INTRODUCTION

II. RELIABILITY OF SCRAM SYSTEM

. III. RECIRCULATION PUMP TRIP
!

IV. ASSESSMENT OF SYSTEM CAPABILITY

V. REALISTIC VALUE/ IMPACT ASSESSMENT

VI. RISK TO PUBLIC

VII. CONCLUSIONS
i

|

'
-

1

.
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I,INTRODUtTION

NROAEt GE RESPONSE

1969-STUDY > MARCH 1971 - NED0 10349

STUDY OF COMMON MODE FAILURE

IN ELECTRICAL SYSTEMS

1973-WASH 1270 > JUNE 1975 - NED0 20626

MITIGATION REQUIRED -

1975 STATUS REPORT : JUNE 30, 1976 - CONSEQUENCE

DESCRIPTION

10-7 SAFETY G0AL

DETERMINISTIC EVENTS SEPT. 30, 1976 - RELIABILITY
ASSESSMENT

1978 - NUREG 0460 > AUGUST 1, 1978-ACRS ATWS
-

SUBCOMMITTEE PRESENTATION

- ATWS IS DESIGN BASIS

ACCIDENT

SAFETY GRADE OR 10-3
MITIGATION REQUIRED

NO CREDIT FOR SCRAM

SYSTEM IMPROVEMENTS
-

.

DETERMINISTIC METHODS TO

MEET PROBABILISTIC G0ALS

EDF:BP/1234

9/13/78
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ATWS

OVERVIEW

1969 ACRS REQUESTS STUDY

STUDY CMF -; -

1971 NED010349 - RPT

RESOLUTION SOUGHT --

1973 WASH 1270

MITIGATION REQUIRED --

1974 NED0-20626 - AUTO-BORON

RESOLUTION SOUGHT --

'

1975 STATUS REPORT

- 10-7 MITIGATION -

1976 MITIGATION RELIABILITY

- UNWARRANTED - - ARSS -

1977 HANAUER TASK FORfrE
1

l RECONSIDERATION --
.

1978 NRC STAFF POSITION - NUREG-0460
s

10-6 MITIG TION WITH RELIABILITVi

'

;

JMW: PAT /1057

9/13/78
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II. RELIABILITY OF CURRENT SCRAM SYSTEM

l-

|
'

f

i

EDF:cc/72
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GE RELIABILITY STUDY

COMPREHENSIVE BWR SCRAM SYSTEM ANALYSIS PERFORM 9

o SUBMITTED BWR SCRAM SYSTEM RELIABILITY ANALYSIS REPORT
TO NRC - SEPT, 1976

o ANALYZED CURRENT GEf1ERIC SCRAM SYSTEM DESIGN

REACTOR PROTECTION SYSTEM LOGIC-RELAY AND

SOLID STATE ELECTRICAL SYSTEMS

CONTROL R0D DRIVE MECHANICAL SYSTEMS

o INCLUDED COMPLETE STUDY OF BWR SCRAM SYSTEM

WITH PARTICULAR ATTENTION TO COMMON MODE FAILURES
_

.

EDF: BP/1312
9/13/78
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COMPREHENSIVE RFI1 ABILITY ASSESSMENT

o CONSUMED 8 MAN-YEARS

o 440 PAGES

o SYSTEMS ANALYZED:

- REACTOR PROTECTION SYSTEM RELAY LOGIC

- REACTOR PROTECTION SYSTEM SOLID STATE LOGIC

- CONTROL R0D DRIVE MECHANICAL COMPONENTS

- HYDRAULIC CONTROL UNITS

- SCRAM AIR HEADER

- SCRAM DISCHARGE VOLUME
.

o ANALYSIS CONSISTED OF HYPOTHESIZING:

-

- 659 FAILURE MODES

|
-

- 72 COMMON CAUSE FAILURES!

|

! - 484 FAILURE MODES IN FAULT TREES
|

o ANALYSIS INr.JDED INVESTIGATION OF 455 REPORTED'

'

! INDIVIDUAL COMPONENT ABNORMALITIES
'

|
'

o RESULTS CONFIRMED BY OTHER BWR STUDIES

EDF:cc/146
| 9/15/73

.
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GE RELIABILITY STUDY SUMMARY.

EXISTING SCRAM SYSTEM 'JNRELIABILITY IS 0.8x10-6/ DEMANDo

o MAJOR CONTRIBUTOR TO SCRAM UNRELIABILITY IS SCRAM

LOGIC / SENSORS
f

AL IN MECHANICAL CONTROL
COMMONCAUSEFfiLUREPOTENTj/ YEAR

a

R0D DRIVE IS LG H THAN 10-

.

_

'

1
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'
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III. RECIRCULATION PUMP TRIP
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RPT HISTORY

1971 ALTERNATE PATH TO SAFE SHUTDOWN

NO REDUNDANCY OR PEDIGREE

|

1973 STATUS LESS CLEAR

STILL NOT SAFETY GRADE

'' ~
1976 MONTICELLO RPT

NOT SAFETY GRADE

1976 LETTER, RUSCHE TO WARD

SAFETY GRADE NOT REQUIRED

1978 NUREG-0460

, --

|

RPT CRITERIA EFFECT ON OTHER SYSTEMS

TOUGHENED CRITERIA EVEN WORSE

:

*

.

.

f

j

JMW:Mxs/681
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RP_I

ATWS PUMP TRIP EDC RPT
.

INITIATING SIGNALS HIGH REACTOR PRESSURE TURBINE STOP VALVE

INITIATION
,

; LOW WATER LEVEL TURBINE CONTROL VALVE
'

INITIATION

SAFETY GRADE NO YES

FAST ACTING NO YES

TRIP FUNCTION DRIVE MOTOR OR PUMP MOTOR

PUMP BREAKER
,

|

|

l-

|
|

.

JMW:.Mxs/682
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~
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;
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i BWR /4 RECIRC PUMPS
,
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-
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| /sVXILIARY
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-
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(ARss)

*

nPLANT n M G -

AUXILIARY -
POWER BUS

*

15 Hz
-

CI
PLANT- Byl AR2 PUMP f RECIRC PUi1P B
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IV. ASSESSMENT OF SYSTfii CAPABILITY

_

-

|
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CURRENT BWR SYSTEM CAPABILITY

OVER PRESSURE PROTECTION PROVIDED BY:

o RECIRCULATION PUMP TRIP TO REDUCE PONER

o SAFETY / RELIEF VALVES TO RELIEVE PRESSURE

NUCI EAR SHUTDOWN PROVIDED BY:

o RECIRCULATION PUMP TRIP TO REDUCE POWER

o MANUAL INITIATION OF STANDBY LIQUID CONTROL SYSTEM

CORE 5 0 ING PROVIDED BY:

o RECIRCULATION PUMP TRIP TO REDUCE POWER

|

_ o fl0RMAL FEEDWATER AS MAKE-UP INVENTORY

'

o ECCS INVENTORY SUPPLY
|

REPLENISHMENT OF C0tlDENSATE STORAGE TANK BYo

ALTERNATE. WATER SOURCES

'

RECIRCULATION PUMP TRIP SIGNIFICANTLY REDUCES ATWS RISK

| EDF:cc/I51
9/13/78

!
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ATWS' EVENT SE0lJENCE

NON-IS0l_ATION EVENTS - TURBINE TRIP WITH BYPASS

LOAD REJECTION WITH BYPASS

o ' TURBINE / GENERATOR TRIP INITIATED

o TURBINE STOP VALVES CLOSED / BYPASS VALVES OPENED

ALLOWING CLOSED CYCLE HEAT REMOVAL - FEEDWATER
|

AVAILABLE FOR CORE COVERAGE

o RPT OCCURS TO REDUCE POWER

, o SLC INJECTS BORON TO ACHIEVE NUCLEAR SHUTDOWN
_

o SUCCESSFUL SHUTDOWN

'

_

.

|

|

\ .

JMW
.
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ATWS EVENT SEQUENCE

ISOLATION EVENTS - MSIV CLOSURE

FW CONTROLLER FAILURE

RECIRC CONTROLLER FAILURE

LOSS OF FW FLOW

PRESSURE REGULATORY FAILURE

LOSS OF AUX POWER

LOSS OF CONDENSOR VACUUM

o MSIV CLOSURE INITIATED

o S/RV'S OPEN TO RELIEVE PRESSURE

o RPT OCCURS TO REDUCE POWER

HPCI/RCIC ON AT LEVEL 2 (DRAWING FROM CONDENSNfEo

STORAGE) TO MAINTAIN WATER LEVEL

SLC INJECTS BORON TO ACHIEVE NUCLEAR SHUTDOWNo

o MSIV'S REOPENED AFTER PRESSURE EQUILIBRATES

CST INVENTORY MAINTAINED VIA CST TRANSFER PUMP- o

o SHUTDOWN COOLING WITH RHR

f a SUCCESSFUL SHUTDOWN

-

9

JMW

. .. .- _ _ _ _ _ __ _, _ _ _ _
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ATWS EVENT SEQUEEE

INADVERTENT SORV

o SORV OCCURS

o RPT MANUALLY INITIATED TO REDUCE POWER:

o RHR PLACED IN POOL COOLING MODE

o SLC INJECTS BORON TO ACHIEVE NUCLEAR SHUTDOWN

o DEPRESSURIZE USING ADDITIONAL S/RV'S
,

o HPCI/RCIC ON (DRAWING FROM CONDENSATE STORAGD

TO MAINTAIN WATER LEVEL
_

o SUCCESSFUL SHUTDOWN

.

.

JMW

MH/1658 9/13/73
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o RELIABILITY STUDY INDICATES THAT RELIABILITY OF SCRAM
SYSTEM IS LIMITED BY ELECTRICAL PORTION OF THE SCRAM

SYSTEM NOT THE MECHANICAL PORTION

o INCREASE SCRAM SYSTEM RELIABILITY BY THE FOLLOWING

POSSIBLE CHANGES:

DIVERSE SET OF SENSORS AND LOGIC FOR INITIATION-
.

OF BACK-UP SCRAM SIGNAL

TRIP RECIRCULATION PUMPS TO REDUCE POWER USING-

DIVERSE SENSORS AND LOGIC

ADD TWO SCRAM AIR HEADER EXHAUST VALVES THAT WILL-

BE REDUNDANT WITH THE EXISTING BACK-UP SCRAM

EXHAUST VALVES

CONCLUsfON:

s
_

;

MODIFICATIONS WOULD REDUCE UNRELIABILITY OF THE SCRAM SYSTEM
'

BY GREATER THAN FACTOR OF 100.

.

-

.

EDF:cc/155
9/13/78
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CNN5sST0"SdRAMSYSTEM
~

'(FR500$NCY" COMP RfSON)

NUREG-0460 GENEPJL etECTRIC

o TRANSIENT FREQUENCY 6/ YEAR 3.5/ YEAR

o SCRAM SYSTEM 3x10-5/ DEMAND0.8x10-6/ DEMAND
UNRELIABILITY

-7
o SCRAM SYSTEM WITH (3x10 / DEMAND) < 10-7/ DEMAND

MODIFICATIONS

(GE ASSESSMENT)
.

,

|

| o MITIGATED ATWS PROBABILITY (2x1C-6 vEAR) <10-7/ YEAR/

RECALL:

- o NUREG 0460 GOAL 10-6/ YEAR

| o REASONABLE G0AL 10-5/ YEAR -

|
|

NO CHANGE WARRANTED
-

,

|

1 .

!

EDF: PAT /1130

| 9/13/78
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CONCLUSIONS

ATWS FREQUENCY

o NUREG 0460 SAFETY G0AL 10-6/ YEAR

o EXISTING SCRAM SYSTEM 3x10-6/ YEAR

EXISTING SCRAM SYSTEM MEETS-

REASONABLE SAFETY G0AL
.

o RECIRCULATION PUMP TRIP SIGNIFICANTLY REDUCES

ATWS CONSEQUENCES

,

o INCLUSION OF ARSS WITH EXISTIHG SYSTEM SUCCESSFULLY

MITIGATES ALL EVENTS
_

.

e

JMW:Mxs/683
G/13/72
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V. REASONABLE VALUE IMPACT ASSESSMENT

|

}

|
,

- .

.

|

|

1

I

i

EDF: PAT /1114

9/13/78
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,

REALISTIC
NOREG-oligo ASSESSMENT

P(ATWS) 2 x 10-4/ REACTOR-YEAR 3 x 10-6/ REACTOR-YE;.R

OUTAGE TIME 12 MONTHS 0'

BWR RADIOLOGICAL RISK 1000-3000 MAN-REM /

OF ATWS CORE MELT REACTOR-YEAR ASSUME

UNCHANGED

DOLLAR VALUE OF $1000/ MAN-REM > FOR THIS

RADIOLOGICAL EXPOSURE ASSESSMENT

BWR OFFSITE PROPERTY $50,000-$200,000/ REACTOR-YEAR
'

DAMAGE RISK 0F ATWS

CORE MELT

DIRECT VALUE $19 I!7 MILLION GG,3 - 0,7 MILLIOM

INDIRECT VALUE $23 MILLION 0

_

TOTAL VALUE $42 - 70 MILLION $0,3 4 0,7 MILLION

\ .

EDF:sJ/355
9/13/78
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IMPACl_QE

SPURIOUS BORON INITIATI0i1
AUTOMATIC STANDBY LIQUID CONTROL SYSTEM

o 1 SPURIOUS EVENT /10 YEARS / PLANT CAUSED SY:

SURVEILLANCE TESTING REQUIREMENTS-

EQUIPMENT FAILURES-

OPERATOR ERROR-

o CLEAN-UP TIME

1 MONTH ASSUMING 86 GPM SYSTEM WiiH 10-MINUTE OPERATION

o IMPACT / PLANT

(4 EVENTS ) X (1 MONTH / EVENT) X ($15 MILLION/ MONTH) =
- PLANT LIFETIME

$60 MILLION FOR 85 GPM SYSTEM / PLANT .

.

EDF: PAT /ll28
9/13/78
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Ui@t7'Sissillif_T( 70
fNCREM$NinL UNRELi)BILITY

~

,f130

120 p
G #
$ 70
d
e

603

50

11 0

;-i 30
:122
10 5 20:- o_

_

10

| - - - ,

NO 10-1 10-2 10-3 10-'I
CHANGE|

INCREMENTAL UNRELIABILITY
|

NOTES:

! 10-2 - SCRAM SYSTEM CHANGES
;

10-3 - SCPAM 3YSTEM CHANGES, AUTOMAT 9 STANDBY LiOUID

CCNTROL SYSTEM .

EDF:sJ/354
9/13/78
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VI. ATWS RISK TO THE PUBLIC

(BASED ON WASH-1400)

TOTAL AVG LWR RISK 5x10-5/ REACTOR-YR,

TOTAL BWR RISK 3x10-5/ REACTOR-YR

ATWS BWR RISK 1x10-5/ REACTOR-YR

NON-ATWS BWR RISK 2x10-5/ REACTOR-YR

24 DOMESTIC OPERATING BWRs PRESENTLY

CONSERVATIVELY ASSUME 500 REACTORS BY 2000

THEN ATWS RISK FROM OPERATING BWRs = (24) (1x10-5)
(500) (5x10-5)

= 0.96%
.

~

SO ATWS REPRESENTS 1% OF RISK TO PUBLIC FROM OPERATING
PLANTS '

.

.

JMW:MKs/684

9/13/78 .
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CONCLUSIONS
,

o CURRENT BWR DESIGNS ARE HIGHLY RELIABLE AND

REPRESENT SMALL RISK TO THE PUBLIC

o NO CHANGES TO CURRENT DESIGNS ARE NECESSARY

o IF CURRENT NUREG 0460 REQUIREMENTS WERE IMPLEMENTED

IT WOULD RESULT IN AN UNJUSTIFIED FINANCIAL BURDEN

TO THE PUBLIC

o NUREG-0460 SHOULD BE REVISED

-

;
-

|
!

i

|

|

E'F:cc/157
i S/13/78
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Ashok

[ Here is my input, consisting of a revised list of initiating events,

a revised list of initial conditions, and a paragraph cancerning

PWR initial MTC, and a revised list of systems and equipment.
The most drastic cuts were in BWR initiating events, and I've

| attached a page explaining why I made some of these cuts.

|
|

.-

1 As a general coment, I think we're all going to have to
re-review this document several times, so consider the enclosed

a "first cut," still open to discussion.

Finally, I would like to get a PWR systems expert to look this

| over. Most of my experience is with BWRs, and you'll notice
that the BWR lists were revised the most.

_

|
- -.. - _ - .
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A. Initiating Events

The ATWS evaluation shall include the following transients,which are
expected to occur one or more times during the life of the nuclear
power unit, unless it is demonstrated that a particular transient
is never ifmiting.

1. Pressurized water reactors

[useexistinglist]

2. Boiling Water Reactors

a. Limiting Pressure Increase. These transients include loss
of load (load rejection without bypass, turbine trip without

! bypass, and loss of condenser vacuum), main steam line isolation
valve closure; and pressure regulator failure.

b. Limiting Reactor Water Inventory Decrease. These transients
I include loss of feedwater, pressure regulator failure, and

inadvertant opening of condenser bypass valves.

c. Limiting Reactor Coolant Flow Increase. These transients include
failure of the recirculation flow controllers and the startup
of an idle recirculation loop.

d. Limiting Reactor Water Temperature Decrease. These transients
include $47/ddifidd/df/fHd feedwater controller failure
(maximum flow), loss of the maximum credible $ddWif/df/fdd/
amount of feedwater heating, and inadvertant initiation of
d#d/dddtf/td/d/ high pressure cold water injection systems.

e. Loss of Normal Electrical Power. This event covers the
simultaneous loss of power from the unit generator and from
the offsite grid, leaving the reactor with the onsite emergency
diesel generator sets functioning as the only source of
a-c power.

e. Stuck open safety / relief valve. This analyses should be
performed considering the effect of failing to reclose an
amount of relief valves equivalent to 10% of rated steam flow.

- - . - _ . _ . - -- - - - . - -
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comments on revised list of initiating events*

-Mi%

The preceding list is based on two modifications. First, I have tried to
allow some flexibility for eliminating analyses of non-limiting transients.
Second, I have eliminated some transients from the BWR list. The reason

dis that recirc pump trip (/ inadvertant rod withdrawals dar not cause a /d
reactor scram, and the analyses presently on record do not take credit for
a scram.

In addition, I should point out that one of the Dresden units managed to
lose a whole string fd of feedwater heaters. DOR intends to require all
8WR licensees to analyse loss of a string of heaters, unless the plant can
demonstrate that the Dresden event is not credible for its particular
installation.

Finally, although I left the BWR IORV event in the list for historical
reasons, I think we should consider leaving it out. This event also
does not lead to a scram (at least not for quite a long interval of
time) and might better be analysed as part of the TMI lessons learned
program. I say this in the context that we have an 47 analyses already

| (in the GE submittal) and therefore have some basis for believing that
10RV will never be limiting. It might be tactically advantageous for
us to tell the industry, "GE gave us a report and it resulted in
our scaling back our requirements a little."

I

:

.
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d. Moderator Temperature Coefficient

The initial moderator temperature coefficient value used must
be less negative than that experienced during 99% of the time the
reactor is at relevant power levels.(see Section I.C.a.1 above).
Because future changes in fuel design, cycle length, and other
changes can affect the moderator temperature coefficient, a statement
of intent must be submitted, which commits the licensee to
maintaining the moderator temperature coefficient more
negative than the value used for ATWS analyses for 99% of the plant's
operational life. -This statement must include:

1) a determination of the edesign aim for the MTC at steady state full
power BOC equilibrium xenon conditions with normal control

configuration, including reloads, and the resulting probability
function (at relevsnt levels) for the : steady state condition.

2) Confirmation from startup experiments (from similar reactors
for plants not yet in operation) that the MTC (at the required
state condition) has been as expected. This should include
analysis of extrapolations if measurements are done at zero
power.

3) an augmentation factor which accounts for the effect of power
change operational transients on the steady state MTC probability
function. If this augmentation factor is less than 2 x 10-5 ak/*F,
detailed justification must be provided.

|

|
|

:
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Initial Conditions (PWRs) '

Core Power
Moderator Coefficient
Doppler Coefficient
Primary System Pressure (peak location)
Safety and Relief Valve Capacities and Setpoints
Core Inlet Temperature
Auxiliary Feedwater flow rate
High Pressure Injection System Flow Rate
Service Water Temperature & Flow
Containment Volume
Steam Generator Inventory
Core Flow

_,.

Baron Concentration
Fuel Element Gap Size
Heat Exchanger Capability

Initial Conditions (BWRs)

Core Power
Void Coefficient
Doppler Coefficient
Reactor Pressure (peak location)
Safety and Safety / Relief Valve Capacities and Setpoints
High Pressure Coolant Injection Flow Rate
Reactor Core Isolation Cooling System Flow Rate
Vessel collapsed Water Level
Suppression Pool Volume and Temperature
Core Flow
Core Active Void Fraction

Systems:

For systems relied upon,td/p/fA provide the signal used to actuate, the
setpoint, and bases for assumed actuation time. This should include valve
opening and closing times.
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D. Systems and Equipnent

i~ The following systems are relied upon to mitigate the ATWS event, bring
the reactor to a cold shutdown, and maintain it in that condition:'

1. Pressurized Water Reactors

Automatic Initiation of Turbine Trip
Integrated Control System
Pressurizen Safety and Relief Valves
Auxiliary Feedwater
Secondary Safety Valves
Residual Heat Removal System
Containment and Containment Pressure Suppression System
High Pressure Safety Injection System
Low Pressure Safety Injection System
Steam /feedwater Isolation System
Chemical and Volume Control System

2. Boiling Water Reactors

Automatic Recirculation Pump Trip System
High Pressure Coolant Injection or Core Spray
Reactor Core Isolation Cooling System
Residual Heat Removal System

;

Safety / Relief Valves
Standby Liquid Control System
Feedwater Pump Trip

|

1

|
.

- ,_ ------_ ,, - , _ , _ . - - - - c -
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I
,

w.
N" - .

.)t TABLE I -

h9-
TYPICAL MATRIX FOR PRIMARY SYSTEM PEAK PRESSURE CALCULATIONS -

.-
.

ARCS' APressu-4?- ' # u

/. %' c r ' AT Av; MTC+ ado ppl er+ GAP + AS/G MASS AUX Fced Vo l or - Levt

'l 00 ( * F)' (PCM/ -T) (%) _(n il s) - (%) Time (Second s)_ (%) __
(*

'
. . .
,h' O 100 0 -11.1 0 3.0 0 20 0 0

,

4'' 1 In4 4 -7 +25 4 .4 -5 40 0 f."
. ,

'

x 2 lot. 4 -7 -25 1, 5 15 0 0
.f -

U N 3 104 -4 -15 +25 4 . 4. 15 0 ('.

f :S

$- 4 104 -4 -15 -25 1.6 40 0 ('~

a
ci;. 5

_ 9 r. 4 -15 +25 1.6 -5 15 0 0r

b) E (- 96 4 -15 -25 4.4 5 40 0 (
cc

'

9 o
,4 2 96 -4 -7 +25 1. 6, 5 40 0 (-

'h
i w_ A 96 -4 -7 -25 4.4 -5 15 0 (

' y 100 0 -11.1 0 3.0 0 25 5 C-

6 g

9 . I., 10 1 0 -11.1 0 3.0 0 25 0 4

' '

.,ase|11 i n. , 0 -11.1 0 3.0 0 25 0 0..

.t ase

,{ *!n :icates reactor operating parameters which were in each vendor's matrix,

L, #

g
,'

.

f -
.

y -

f.
.

.

%

'

'A ,

'

, j. -

.m ,. y 7 .. . - _ 3 . ,
. ._ .- - , ,.-- .

.,.,

,7[2 I 'ii' ,| ,'t / f
$ .,.

..

,
. .! |-

'
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PROBABILITY DISTRIBUTION FOR REACTCR OPCRATIiiG PARAMETERS
u-

.

. . . k,T
~

Distribution * *

Parameter S ! '.*' CE W -

Power (%) ti(100,2 ) ti(100,2) N(100.,2)
'

~

T,yg(o ) ) u(-4,4) c(-4,4) u(-4,4) ;g
!

Error in Doppler N(0,12.5) ti(0,12. 5 ) N(0,12.5) ~

Estimate (%) g
r ..

Moderator Temp. N(-19,5) N(-13,2.9) N(-19,5.2) y--

Coefficient (PCM/ F) ;

!
*

Reactor Cooling System ti( 0,2. 5 ) . N(0,2.5) N(0,2.5) i

Volume (difference . |

from nominal (%)) L
Steam Ger.erator Level. N(0,4) N(0,4) 2:'Dd-

(differer.ce from ?"
nominal (%)) P

r

GAP [
B&W Mils ;.

CE % difference [
from nominal N(3,1) N(0,25) N(4000,1000) '

_
'~

W units of UA
U

BTU /hr F ek*,w

Pressurizer Level N(0,2.5) F
F(difference from

nominal (%)) .

| . .

**
1

.

==_

b{.'
.

N ,, -
W .
>

.

M:

V >*e.
y

| -
.

i

|
* N(p.1) I f:orral distributior.; y ; iman; .r I stan.Lrd 2viation. L

m.m ; cm catribation in tn. ir. ..a a n a .@
-

.

-p" & . ). y S '
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U 'iL E I l l

EQUli ..:.G Fall .iin

--
.

,

-s % ~..
Prob. of Pressure

Occurrence Increase -

of Due to
vendor Event Event Event

B&W Relief valve ails to open .02** 200 psi *
'

1 train of Aux. Feedsater .04 150 ps1*
. ===::.

.-

is lost post.
~

>+
-

. . - . - .

CE 1 train of Aux. Feedsater .04 175 ps1* C
is lost

&
'

W Relief valve fails to open .0t** 150 psi ar-- -

I train-of Aux. Feed <ater .04 140 psi [t;:'

-

is lost p
i
!

+Where two failure modes are given, they were both included independently
as discussed in Section 5 of the text.

..

* Estimated sensitivity based upon an ATW5 prim.ary system peak pressure .

,(_eof about 3200 psi.

Np_W
'

**These probability valves are different because of the different
~ " ~''

. ., 4number of valves.
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CAUTIONS & CONCLUSIONS %

.L . CAREFUL SELECTION OF ALL IMPORTANT PARAMETERS NECESSARY.
-

WE PICKED A FEW PARAMETERS. (w.pc-
t
. . -

;

;

2. LINEAR & INDEPENDENCE ASSUMPTION ON PARAMETERS NEED {
l --

CAREFUL STUDY. .

"
. . .

-
i

-

3. DATA BASE MAY BE INSUFFICIENT TO GET GOOD ESTIMATES
|

ON PARAMETER DISTRIBUTIONS.
-'

-

W
P
r-

! 4. METHOD PROVIDES AN EASY ESTIMATION OF PARAMETER EFFECTS. Y
>

e
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410. R0D POSITION INDICATION (10) (5 pages)

411. Handwritten Notes, Seismically Induced Turbine Trip with Bypass Failure and
Failure to Scram, Abstract and Recomendation (26 pages)

41 2. Attachment III-3 (3 pages)

413. Question 222.22 (Attachment A) (13 pages)

414. July 27, 1979 Memorandum for S. H. Hanauer from A. Thadani Subject: NRC-
INDUSTRY ATWS MEETING SUMMARY (8 pages)

415. September 8,1976 Memo to V. Stello from Brian K. Grimes Subject: WESTINGHOUSE
ATWS CATEGORY B - LOSS OF NORMAL AC POWER (10 pages)

416. Power Reactor Operating Experience (3 pages)

417. Westinghouse ATWS Loss of Nonnal AC Power (9 pages)

418. February 25, 1980 Memorandum for A. Thadani from Ralph 0. Meyer Subject:
CURRENT STATUS OF ATWS EARLY VERIFICATION FUELS ISSUES (9 pages)

419. February 25, 1980 Routing and Transmittal Slip to Thadani et al . , from
Steve Hanauer, attaching February 25, 1980 Note to S. Hanauer from D. Ross (3 pages

420. February 22, 1980 Memorandum for Ashok Thadani from R. Wayne Houston Subject:
B&W ATWS REPORT (BAW-1610, JANUARY 1980) (5 pages)

421. February 21, 1980 letter to William Russell from Michael W. Golay, attaching
Policy Recomendations for the Treatments of ATWS Events for Standardized
Nuclear Power Plants, January 9,1980 (41 pages)

422. December 5,1979 Note to C. Stable from Ashok Thadadi (5 pages)

i
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423. November 25, 1977 Memorandum for Roger J. Mattson from Malcolm L. Ernst
Subject: EXPANDED OUTLINE FOR ATWS I-V ANALYSIS (14 pages)

424. March 9,1977 Letter to E. G. Case from Thomas G. McCreless Sub.iect: COMMENTS
ON ATWS, attaching November 25, 1976 letter to M.L Plesset, October 28, 1974
letter to W. R. Stratton (13 pages)

425. August 16, 1976 Note to Benard Rusche from Ashok Thadani Subject: W - ATWS (2 pages)
_

426. March 15,1977 Note to ATWS Distribution List from D. Ross (10 pages)

427. Draft notes on NUREG-0461 (2 pages)

428. April 20,1978 Memorandum for H. Denton from W. Minners Subject: ATWS (3 pages)

429. June 2,1975 to V. Stello R. R. Maccary Subject: B&W DRAFT REPORT - MECHANICAL
COMMON MODE FAILURE ANALYSIS OF CONTROL R00 DRIVE MECHANISMS (4 pages)

430. February 26, 1980 Memorandum for Ashok Thadani from R. Wayne Houston Subject:
EFFECT OF RAPID CONTAINMENT ISOLATION ON ATWS RADIOLOGICAL CONSEQUENCES (4 pages)

431. December 7,1979 Memorandum for Stephen H. Hanauer from K. I. Parczewski Subject:
ATWS MEETING WITH CE AND CE PLANT OWNERS GROUP (34 pages)

432. May 27, 1980 Memorandum for Karl Kniel from Ashok Thadani Subject: NRC- W-
0WNERS GROUP ATWS MEETING SUMMARY (12 pages)

433. September 15, 1978 Memorandum for Roger J. Mattson from Richard C. DeYoung
Subject: REVIEW 0F SUPPLEMENT 10F NUREG-0460, attaching November 23, 1977
Memorandum for Roger J. Mattson from Harold R. Denton(ll pages)

434. September 5,1978 Draft Notes by Buhl (12 pages)

435. October 20, 1978 Routing and Transmittal Slip to T. Novak from Gordon Chipman
(5pages)

,
436. November 10, 1977 Memorandum for T. M. Novak from D. F. Bunch Subject: ATWS

'

DRSFT PAPER (3 pages)

437. Accident Analysis, Probability and Risk Assessment: The Subjectivistic
Viewpoint and Some Suggestions (Nuclear Safety, Vol.19, No. 3, May-June,1978)
(11 pages)

438. November 2,1977 Memorandum for Roger J. Mattson from Harold R. Denton
Subject: COMMENTS ON ATWS REPORT (3 pages)

439. Routing and Transmittal Slip to A. Thadani frcm Ronald R. Bellamy, attaching
Accident Analysis Branch Input to ATWS Letter, March 5,1979 Note to F. Cherny
et al., from Ashok C. Thadani (10 pages)

440. June 2,1977 Memorandum for T. M. Novak from A. C. Thadani Subject: EPRI
ATWS MEETINGS SUMMARY (36 pages)

:

441. November 10, 1977 Memorandum for T. M. Novak from D. F. Bunch Subject: ATWS
DRAFT DRAFT PAPER (3 pages)
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442. April 20,1978 Memorandum for H. Denton from W. Minners Subject: ATWS (3 pages)

443. March 14, 1977 Routing and Transmittal Slip to ATWS Distribution from Hal
Ornstein (6 pages)

444. Undated Memorandum for Denton from Vollmer (7 pages)
|

445. Draft (2 pages)

446. July 24, 1978 Re-Evaluation of PWR Reactor Protection System (RPS) Fault Tree
With Updated Data, Draft, SAI/SR-196-78-PA (6 pages)

447. ATMS: A Reappraisal, A Presentation to the Advisory Committee on Reactor
Safeguards (27 pages)

448. May 9,1977 To R. Blond et al . , from Hal Ornstein (14 pages)

449. Undated riote to D. F. Bunch from H.E. P. Krug and P.S. Tam Sut, ject: ESTIMATED
THYROID DOSES FROM ATMS AS A FUNCTI0ti 0F STEAM GEtiERATOR TUBE LEAYAGE -
PRELIMIfiARY STATUS REPORT (20 pages)

450. Anticipated Transients Without Scram for Westinghouse Plants December 1979
(227 pages)

4 51. January 1980 Analysis of B&W NSS Response to STMS Ewents (81 omqw)
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ROD POSITIC?i IllDICATIC'i (10)

QUESTI0rl:

WOULD LOSS OF ALL fiORMAL AC POWER RESULT Ili LOSS

OF C0iiTROL R0D POSITION INDICATION ON A11Y PLA. HTS?

EX? LAIN HOW THIS WOULD IMPACT ACTUATIOil 0F A1Y

ATWS MITIGATING ECUIPFZilT. -

ANSWER:

o ROD POSITION INDICATING SYSTEftS ARE Oil DC

POWER

o THEREF0PI, fi0 IM?ACT 0:1 ATn'S filTIGATING

EQUIPMElli

JfM
8/8/79
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MITIGATION EQUIPMENT (5)

OUESTION:

DESCRIBE HOW EACH ITEM OF ALTERNATE #3 IN NUREG 0460
VOLUME 3 IS ADDRESSED IN GE REPORT. CAN THESE CHANGES

BE MADE ON ALL PLANTS?

ANSWER:

o RPT - LIMITS PRESSURE TO LESS THAN SERVICE LEVEL C

ARI - INSERTS RODS TO PROVIDE MITIGATION

SLCS - PROVIDES MITIGATION IF ARI FAILS

LOGIC CHANGES - LOWERS ISOLATION LEVEL TO PREVE!1T

TT FROM ISOLATING
(ra.r.. )

FW RUNBACK - REDUCES POWER AND STEAM RELEASED TO POOL

PROCEDURES & TRAINING - WILL BE DEVELOPED TO BE

CONSISTENT WITH ANALYSIS

SCRAM DISCHARGE V0LudE - NOT USED IN ANALYSIS

o ALL CHANGES SHOULD BE REFERRED TO THE UTILITIES FOR
OPERATING PLAdTS, FOR REQUISITION, THOSE CHANGES

(Ao,,_L
APPEAR POSSIBLE.

F/ .ds7
JMW

8/8/79
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OPERATOR ACTION (3)

QUESTION: IN LIGHT OF TMI WHY SHOULD CREDIT BE GIVEN FOR

10 MINUTE OPERATOR ACTION?

ANSWER:

e NOTHING AT TMI LEADS US TO CONCLUDE THAT WITH PROPER

TRAINING AND INDICATIONS OPERATOR ACTION IN 10 MINUTES
OR LESS IS PROPER,

o VERY FEW ACTIONS REQUIRED

-

I

f

|

|
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POOL COOLING (25)

!

QUESTION: HOW WOULD OPERATOR DECIDE TO COOL POOL WHEN
'

VESSEL LEVE* IS LOW?
1

:

ANSWER:

e THE OPERATOR WILL INITIATE POOL COOLING BY PROCEDURE.

TWO LOW PRESSURE COOLING SYSTEMS ARE AVAILABLE FOR

USE EVEN WITH RHR IN POOL COOLING.
,

a

1

1

_ . _ . . _ _ _ _ . . , _ _ _ . . . _ _ , _ _ _ _ . . . . . _ _ , _ _ _ _ . _ . _ . _ _ _ . . . . . . _ _ . _ . . . _ _ . _ _ _ _ . . _ _ . _ _ _ . . _ _ _ . . _ _
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BOR0il il1 PACT (31)

QUEST 10il: -

lWHAT IS THE EFFECT OF BOR0il 0|! RCPB
pia k ,als f<<b7

ANSWER:

WE HAVE NOT IDENTIFIED AflY PROBLEMS

- //o .
w/o ru f t, en ~ . .; c}e la.ls

|
|

|

|
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BOR0il If4 PACT (31)

!

i

1
-

-| QUESTI0ft:

I
.| WHAT IS THE EFFECT OF BOR0i1 0|1 RCPB

% ../s 6.4 ?
.

i

ANSWER:

i

WE HAVE NOT IDENTIFIED ANY PROBLEMS,

- ii. , .

ele |a.|sw/o MIy ex a n . . .,
.

!

|

|
'

i

i

i

|

|
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During ne Hartsville Envirer ental Hearing :ne ASLB eace their site9
.

Suitattit:y and NE;A findin-s. As was ty;f:al, at least at tnat tire,

MAC 7 /'O o hn k
W then/au*nerized, a-ch; etter things, :ne : ns: rue:1:n of ee

*artine building under an LWA-I aut cri:ation (i.e., autt:rizati:n of

tne : nstru: icn f tre tu ine building mitn:ut the trocsi:1:n of tre
_

la criteria of 10 CFR Par. 50, A::endix 3. ality Assurance).
.

__ .

_ . . . _ _ .
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ShD ?f
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The AS'.i :+-I.. '.E; *.ne ag*ncri:ati:n f0r t e : nstru:*1:n of tre turtiae

building (1) be:ause it is adja:ent to the ausiliary tufiding, a safety

stru :ure, and (2) te:ause the tureine tuilding ::etains tureine tri:s

wnici activate the rea:::r protection systes causfr.g a rea::Or s:rar.
'

/ 3 Yb y ds9J s m .c.A.,

At a later hearing, '""'-- - 'n_ -- ex:lained tne icng standing
,.

[ - -
staff : siti:n tr.at turtine buildings need not te built in at:Ordance dtn
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/'The staff further explained that the Hartsville reactor protection trips

k['werequalifiedtoIEEE-279(197[exceptforseismicrequirements.
)_i

IEEE-

279 requires that the scram sensors be fail safe (i.e., de-energize to fail)

and that they be powered from essential M busfes.
'

*

g|4 c bl d
i

In light of this additional testimony, the ASLB found that the turbine

building need not be constructed in accordance with 10 CFR 50 Appendi B,

and that the turbine RPS sensors as designed provided adequate ;-~ *',
'

for their intended functions. b '

_

~

ASLB
The basic theory accepted by the t=sume, and very clearly presented to the

ASLB by , James P. Knight and which, is also clearly spelled out in the

regulations, is that the level of protection required of plant systems

should be directly proporticnal to the threat these systems pose to the

health and safety of tne public. '

?

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

'-
~-

_ _ _ _ _ _ _ _

When the ASLB received additional infomation alcng these lines, it

supported the original NRC authorization, i.e., that the turbine building

need not be constructed in accordance with 10 CFR 50 Appendix B. and that

the design the turbine S$$RM input d acceptable.

bh Nb
s concerning these matters cocorises Attach: ent QThe ASLB's -

n J,w
.

a 8
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The bypass valves are " fail safe" in that their normal position is closed.
.

! The bypass 'talves are designed to remain closed if vacuum is too low and

the valves will close if vacuum drops below a . poir.t.
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(1) Turbine stop valves close (no turbine island scram).
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(2) Turbine throttle valves close (no turbine island scram)
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(3) Turbine bypass valves are assumed to say closed. ,_,.___t_,.,
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UNITED STATES OF ,V'IRICA
NUCLEAR REGUIACORY CCM?tiSSICN

BEERE TIE AT7 TIC SA!T?l AND LICD3DI ECGD'

'

In the Matter of
Docket No.

Tennessee Valley Authcrity Sn1 50-513
S21 50-519

(Hartsville Nuclear Plant, Sn2 50-520
Units Al, A2, B1 and 32) S21 50-521

.

; SCPPLEMCCAL TESTI!CTI OF NRC STAFF
' D3 RESPCNSE it BCARD QUESTICUS

By
James D. C omas,

i Ap
This testimony if offered in response to the Board's gaestions concernLN!

turbine trip expressed in the Bcard's Partial Initial Cecision of
; Dececer 10, 1976, which reads as follows:

1
I"De Board adds the following issue to the health and safety

,

stiase of the hearing, sua scenter

j 1. Should the turbine trips of the reactor protection
system and the turelre bypass system be seismically'

qualified?

e 2. Should the turbine building be seismically gaalified?
.

| 3. Should the reactor protection system receive shutdown
j

i signals from buildings outside the nuclear island?"

In the GESSAR-233 design, the reactor trip system (ICS) receives incuts
from sensors located in the turbine building (generally a non-seismic
Catescry I structure). These sensors monitor the open-clused status of'

the turbine step and control valves and provide the ICS a scram signal
should these valves begin to close during power operation (turcine stop
or centrol valve fast closure is indicative of a pending turbine tripl.

De singular function of these ICS turbine trip sensors is to erotact tne
gduring turoine trip transients by providing a scram signaA in

surricient time to prevent the fuel from exceeding its design safety
,

j limit (a minimum critical power ratio of 1.07).
.

k Since these sensors will be designed to IEEE-279-19H ea~'"~a-**,
c:.d senscr s i , --a #a "6'e '' iregal er.=nts a w. lea a ca. w-.a

-precacilitv that tne daeien ufety limits on tae fuel will not te8

_exceeceo uuring anticipated opera lanaa occurrences (in acccccance to
Gr.,G w and 29).

i

,

h
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n Rese RTS turb .e trip sensors ar __not _recuired to fuac* ion d'.*rino any'-

_desian basis encid= * ~ d" 4-~ % ma s:utuown eartnquane ano tne
GereraA r.lectr ;.c Compad7 m + am e.ot tase cr m t for their function
in the GSSAR-J33 accident analysis calcuAacA ....

$ However, de td the f actthat these RrS turbine trio sensers are located*

/ in a non seismie catecocv I area i turcin+ ' mino , we requirea uz. to'

m yze cne cens aences ot ene tallure of tne R 5 trubine trip sensors
' hO}) and demonstrate t. at other ICS sensors are availaole to assure that a

reactor scram coul beacnieved

In their respon e, stated that the probability of failure is small -
on the order o i' p r year. Further, 2 calculated the percentage -

core which could be subject to boiling transitionof the fuel red - F

as the result of the failure of the RrS turbine trip sensors when they

are called upon to operate, ne most limiting case identified was that
for a turbine trip at full power with a failure of the turbine bypass
system which results.in_7 eeretnt of the fuel rods being subject to

* ' ' ' ~ boiling transition.- For tais event the reactor scram signal generated. ' ',

b.a -.c ..Aga neuDon flux sensors to the IC3 will terminate the transient
and maintain react.)r syste.n pressure well below the ASME allowable limit.

We have reviewed the G response and conclude that the 2 analysis is
sufficiently ' conservative and *%* *9-a adets, based on our own calcu-**

lations, a marcin in excess of 1200 Fahrerhai* retween tne te rerature
the fuel exeeria-~ = +-am *>e event , and the cradicted ena-ot-11te

"
fuel melting temeerature,'

'
We have analyzed the radiological consequences of this event using the
following asst .:ptions:-

1 (1) ne 7 preent of the fuel rods in the core which experience
transition boiling will imediatelv wrforate and release the
activity contained in the fuel-clad gap to the reactor coolant.

(2) te containment and reactor vessel isolation centrol system does
not operate until all the fission products released to the reactor'

coolant have escaped to the turbine condenser.'

(3) The fission products are tnen telsa cd fr m the turbine condensor
in accordance to the criteria specified in the Appendix to Standard _

_

Review Plan 15.4.7._
-

Utilizing these parameters, we calculate a 0-2 hour dose of 7.6 Eam,

to the thyroid and 0.7 Rem whole body assumitry a relative concentrocion'

of 1 x 10 - 3 sec/m3, ano a .ourse of event dose of 5.,0 Rem to the thyroid
and 0.2 Rem whole body as ~ .iming a relative concercation value of 1 x 10'

3I sec/m .
1

.

I
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(%ese doses were given in Supplement No. 2 to the Safety EvaluationDue to more favorable meteorology, the 0-2 hour
.

doses at the Hartsville site for this event would be 3.7 Rem to the
Report for GESSAR-238).'

ld

thyroid and 0.4 Rem whole body and the course of the event dose wou
be 2.6 Rem to the thyroid and 0.1 Rem whole body.

'

,

Based on our review of the information submitted by GE and our own
calculations, we have concluded the followings

Sere is a high probability that the Rrs turbine trip sensorswill prevent the fuel from exceeding safety limits during anticipate
d

(1) ~

turbine trip transients.

The probability of failure of the EtS turbine trip sensors is low.,

(2)|

Ql,"In the event of RTS turbine trip sensor failure, other RrS sensorsne 1stdiIable whiett can.effect.a reactor cram,and maintain reactor
'

s " ''''M ''b*.

system pressure below the ASME allowable limit. ' * * ~~ ~ ~
S ow . ,, . . * .*

The radiological consequences of the Rrs turbine trip failure event
are small fractions of the 10 CFR Part 100 guideline exposures.(4)

,, , r. . y,* :- , ~ . < . . , , ~,1I*6, , , , '

Based on the above conclusions, du,r s,pecifi'c responses''to 2e B ard 's # ;
.

, , . -,,- '- .

-

, questions are as follows: -

The turbine trip sensors of the reactor protinction system andthe turbine bypass system are not required to be seismically qua
,

lified
(1)

since neither is required to function during a safe shutdown
. earthquake.'

The turbine building is not required to be seismically qual'.fiedsince it contains no components connected to the reactor protection(2)

system that are required to function during the safe shutdown
earthquake.

The reactor protection system in the GESSAR-238 design may receive
signals from outside the nuclear island since these trip signalsassure that the design safety cargins for the fuel will be mainta ne(3) i d

during anticipated operational occurrences.
,

!
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h QUESTION 222.22 (Attachment A)

Availability of turbine trip and control valve fast closure trip scrams.

ABSTRACT

A reliability analysis has been performed to predict the probability
of failure to scram, given a turbine trip or a generator trip. A mathematical
model of the system has been developed showing the relationship between com-
ponent failure and system failure. The known or assumed failure rates, test

intervals, repair rates, and logic for the components are of failure inputs
to a computer program which performs the reliability / availability calculations.

The impact of " common mode failures" on the system is discussed.
.

CONCLUSIONS

The probability of failing to scram the reactor following a turbine or

fgenerator trip is of the order of 10 per demand, considering random failures

only. There are no single point failures. The most doMnant failure combina- '

tions involve the pressure permissive that bypasses these scrams below 30: power
level. This bypass is common to both channels, turbine trip and generator trip
scrams.

{ METHOD OF SOLUTIC*'

A Reliability Block Diagram (RBD) is developed for each problen, one for
the Turbine Trip Scram (Figure 1) and one for the Control Valve Fast Closure !

Trip Scram (Figure 2). The RED is a " success" oriented diagram. The object
is to represent the logic of the system in such a way that if a path can be
traced from beginning to end through " good" components, the system is good.
The multiple paths depict the redundant paths to success so that if a failed

| , component is encountered in one path, success may still be achieved by utilizing
another pr.th with no failures.

Some components runy be important to the success of more than one path.
For example, component 105 in Figure 1 is a mounting bracket that holds two
switches that are used in two dif ferent circuits. For this reason, component
105 must appear in two different paths. The solution to the problem must
take into account that a failed co ponent fails all the paths it appears in.

The solution to the RBD is progra=med for GAMM {Ref.1). GAMM accepts

the input data en the failure rates, repair tines, test intervals and logic,
j and computes a numerical availability for the system.

.

"
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( ASSIMPTIONS .

The following assumptions realistically bound the scope of these problems
to make them tractable.

1. Given a turbine trip, g four turbine stop valves close.
2. Given a control valve fast closure trip, the pressure in the hydraulic

system actuating the control valve exceeds the trip point on g four

pressure switches.

3. The turbine stop valves are " exercised" daily, thus verifying the

mounting bracket, the switch, and the relay (except the contacts).
(Large Steam Turbine recomends daily testing.)

4. The control valve fast closure trip is exercised weekly, thus verifying

the pressure switches and the relay (except the contacts). (Large
Steam Turbine reconmends weekly testing.)

5. Ths pressure permissive which bypasses the two scram functions below
30% equivalent power is effectively tested each time.

6. Radundant relay contacts are tested when the channels are functionally
tasted. According to Reference 2. such testing shall be performed at

( least semi-annually. -

7. The failure rates for the components (except for the mounting bracket)

are as follows:

0
Component Failure /10 Hours

Pressure Switch 1.1

Limit Switch 1.1

Relay Coil (and armature) 0.4

Balay Contact (fail to open) 0.03

Mounting Bracket 0.01 (eetimate)

8. The Reactor Protection System Logic beyond the channel inputs from

turbine trip scram and control valve fast closure trip scram was not

modeled because it was assianed to have a low probability of failure

relative to the trip channels.

9. The uvarical predictions of availability assume only random failures.

,

1222.22-7
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BESULTS, TURBINE TRIP SCRAM

The solution to the Trubice Trip Scram problem diagrammed in Figure 1 using
the failure races and test intervals from the assumptions was obrafnad by using

,

the GAMM computer progrsa (Baference 1). As indicated on Table 1, the unavaila-

bility, that is the probability that the turbine trip scram will fail on demand.

is 9.9 x 10' . |
Table 1 also shows the top 20 combinations that contribute to failure. Over

i 88 percent of the tasavailability is charged to the two pairs of pressure permis-
'

'sives that bypass the scram signal below 30% equivalent power. These paired .,

components are 101 and 102, and 103 and 104. In addition, each of these same

pressure permissives are paired with other components to contribute an additional

10 percent unavailability. This makes for a total of approximately 98.5 percent

of the unavailability of the system that involves the pressure permissives. i

Table 2 shows the effect each component has on system unavailability. The
sensitivity index is the delta change in system unavailability, given that the

component failure rate is changed by 10 percent. Thus, the higher the sensi-

tivity index figure, the more influence that component will have on system un-

h availability. As might be expected, the pressure permissives rank high, the

first four. These are followed by the limit switches ranking 5 through 12, but

with a sensitivity index of only 2.5% of that of the pressure permissives. The

least sensitive are the contacts which are highly redundant and so have a minimal

effect on the system unavailability.

GANM calculates the system unavailability, given that a component is failed.

Of particular interest here is the mounting bracket which holds two limit switches.

| Given that a mounting bracket (say component 105) is failed, the system unavaila-
bility is 1.6 x 10' . This is of interest because it simulates the condition
that would occur if only three of the four trrbina stop valves close. In other

words, if only three turbine stop valves actually close, the probability of
~7failure to scram increases from 9.9 x 10 to 1.6 x 10-3, but the pressure trans-

isnt associated with only three valves clesing is not as severe as with four

closing. (The effect on the turbine overspeed is not considered.) Tables 1

and 2 also show a calculated unreliability, but that calculation has no meaning
that relates to the problem at hand and should be ignored.

R222.22-8
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Tabla 1

MATOR CORITRI3CTORS TO SYSTEM UNAVAIIABILIIT

TURBINE TRIP SCE4M

Component combinations Unavailability Percent
.

103 104 4.3909500E-07 44.2732

101 10 2 4.3909500E-07 44.2732

101 410 9.0672970E-09 0.9142

102 110 9.067297CE-09 0.9142

103 810 9.0672970E-09 0.9142

101 310 9.0672970E-09 0.9142

102 210 9.0672970E-09 0.9142

104 510 9.0672970E-09 0.9142

103 710 9.0672970E-09 0.9142

104 610 9.0672970E-09 0.9142
7

103 715 3.2971989E-09 0.3325

| 102 215 3.2971989E-09 0.3325

( 103 815 3.2971989E-09 0.3325

101 415 3.2971989E-09 0.3325*

102 115 3.2971989E-09 0.3325

101 315 3.2971989E-09 0.3325

104 515 3.2971989E-09 0.3325

104 615 3.2971989E-09 0.3325

110 310 9.2927999E-10 0.0937~

110 410 9.2927999E-10 0.0937

|

| c .

1222.22-9
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Table 2 (Continued) -
i

.

Component System Unavailability System Unreliability

Senettivity With Comp With Comp Sensitivity With Comp With Comp

3 Name Index Rank Perfect failed Indes Rank Perfect Failed

410 SW VLV 5v0S 4I5< 1.159E-09 8 9.801E-07 8.009E-04 4.215E-06 8 3.016E-04 1.345E-02

j 415 K100 Coil 4.215E-10 16 9.875E-07 8.009E-04 1.530E-06 16 3.285E-04 1.343E-02

420 K100 Cont No. 1 1.430E-13 31 9.917E-07 1.090E-06 1.330E-09 31 3.438E-04 4.956E-04

425 K!OC Cont No. 2 1. 430E-13 32 9.917E-07 1.090E-06 1.330E-09 32 3.438E-04 4.956E-04
;

510 SW VLV SVOS 113< 1.159E-09 10 9.801E-07 8.006E-04 4.185E-06 9 3.019E-04 1.335E-02

515 K10B Coil 4.213E-10 18 9.875E-07 8.006E-04 1.519E-08 17 3.286E-04 1.334E-02

520 K10B Cont No. 1 1.407E-13 33 9.917E-07 1.049E-06 5.095E-10 33 3.438E-04 4.019E-04
'

g 525 K10B Cont No. 2 1.407E-13 34 9.917E-07 1.049E-06 5.095E-10 34 3.438E-04 4.019E-04

0 610 SW VLV SVOS 315< 1.158E-09 11 9.801E-07 8.006E-04 4.179E-06 11 3.020E-04 1.333E-02

y 615 K10F Coil 4.212E-10 19 9.875E-07 8.005E-04 1.516E-06 19 3.286E-C4 1.332E-02

U 620 K10F Cont No. I 1.400E-13 37 9.917E-07 1.037E-06 3.415E-10 37 3.438E-04 3.828E-04'

) 625 K10F Cont No. 2 1.400E-13 38 9.917E-07 1.037E-06 3.415E-10 38 3.438E-04 3.828E-04

j 710 SW Vi.V SVOS 215< 1.159E-09 9 9.801E-07 8.007E-04 4.185E-06 10 3.019E-04 1.335E-02
l 715 K10D Coil 4.213E-10 17 9.875E-07 8.006E-04 1.519E-06 18 3.286E-04 1. 334 E-02

720 K10D Cont No. 1 1.407E-13 35 9.917E-07 1.049E-06 5.074E-10 35 3.438E-04 4.017E-04

725 K10D Cont No. 2 1.407E-13 36 9.917E-07 1.049E-06 5.074E-10 36 3. 4 38E-04 4.017E-04

810 SW VLV Svos 413< 1.158E-09 12 S.801E-07 8.006E-04 4.167E-06 12 3.021E-04 1.330E-02

815 K10ll Coil 4.212E-10 20 9.875E-07 8.005E-04 1.512E-06 20 3.287E-04 1.328E-02

820 K10ll Cont No. I 1. 398E-13 39 9.917E-07 1.033E-06 9.927E-12 39 3.4 38E-04 3.449E-04
i

825 K10ll Cont No. 2 1. 39 8E-13 40 9.917E-07 1.033E-06 9.927E-12 40 3.438E-04 3.449E-04j
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Q RESM.TS, CONTROL VALVE FAST CESURE TRIF SCRAM

h solution to the Control valve Fast Closure Trip Scram probles diagrassed
in Figure 2 was obtained by utilizing the GAlet computer program (Raference 1).
h failure rates and test intervals are as indicated in the Assumptions Section. .

, As indicated in Table 3 the unavsflahility, that is the probability that the

control valve fast closure trip will fail on demand, is 1.3 x 10-6,
Table 3 also shows the top 20 component combinations that contribute to

failure. Nearly 69 percent of the unavailability is charged to the two pairs of
pressure permissives that bypass the scraa signal below 30% equivalent power.
h se paired components are 130 and 230, and 330 and 430. In addition, each of
these same pressure permissives are paired with other components to contribute
an additional 26 percent unavailability. This makes for a total of 95% of

the unavailability of the syrten that involves the pressure permissives.
Table 4 shows the effect each component has on system unavailability.

h sensitivity index is the delta change in system unavailability, given that
the component failure race is changed by 10 percent. Thus, the higher the
sensitivity index figure, the more influence that component will have on systea

{ unavailability. Ihe first four in sensitivity index rank are the pressure
permissives, components 130, 230, 330, and e hase are followed by the

pressure switches ranking 5 through 8, the coil (and armature) ranking
9through12,themountingbracketsranking13through15,and,fiS11y,
the relay contacts ranking 17 through 24.

DISCUSSION OF RESULTS

The failure race of the mounting bracket was estimated at 0.01 failures

per million hours. This is a relatively low failure rate which should be ap-
propriate for a passive component such as a bracket. h sensitivity index
shows that these mounting brackets are two to three orders of magnitude less
influential chan the pressure permissive, so a more precise estimate is not
needed.

h most influential portion of the circuit is the pressure permissives
associated with the 30% power level bypass. For example, if everything else
in the circuit was perfect (could not fail), the unavailability of the tur-
bine trip scram would only drop from 9.9 x 10'I to 8.8 x 10 Similarly, on

~7

the control valve fast closure trin scram, the unavailability m uld drop from
-6{ 1.3 x 10 to 8.8 x 10 h assumption that the pressure permissive will.
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Conoceent combi.atie a Unava''a$111tv Fer ent

130 230 4. 39095CCI-07 34.3942

330 430 4.390950CI-07 34.3942

IJO 210 6.1405356I-C8 4.8099

110 230 6.1405336I-08 4.8099

310 430 6.1405336I-C8 4.8099

330 410 6.1405 356I-08 4.SC99

315 430 2.2329220E-CS 1.7490

130 215 2.2329222I-CS 1.7490

115 230 2.2329222I-CS 1.7490

330 415 2.2329222E-C8 1.7490

110 210 1.62624CCI-08 1.2738

310 410 1.626240CI-08 1.2738

110 215 5.9135999I-C9 0.4632

310 413 5.9135999I 4 0.4632

115 Ilt ?,.9135999I-09 0.4632

315 410 5.9135999I-09 C.4632

115 215 2.15040CCI-09 0.1684

315 415 2.15040CCI-09 0.1644

105 230 5.5523031I-10 C. 0437

305 430 5.5823051I-10 0.C437
i
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Table 4 7

COMPONENT EFFECTS ON SYSTEM UNAVAILABILITY

CONTR01. VALVE FAST CLOSURE TRIP SCRAM

Component System Unavailability System Unrallability
Sensitivity With Comp With Comp Zeaattivity With Comp With Comp

Jt! Hame Index Rank Perfect Failed Index Rank Perfect Failed

105 HI BKT 7.614E-11 13 1.2 75 E-06 8.206E-04 2.337E-07 13 1.352E-03 2.803E-02.

110 SW Press 8.375E-09 5 1.192E-06 8.205E-04 2.559E-05 6 1.098E-03 2.77AE-02
115 K8A Coil 3.045E-09 9 1.245E-06 8.205E-04 9.243E-06 9 1.262E-03 2.769E-02
120 K8A Contact No. 1 3.761E-12 19 1.276E-06 2.485E-06 2.654E-08 19 1.354E-03 2.364E-03
125 K8A Contact No. 1 3.761E-12 20 1.276E-06 2.485E-06 2.654E-08 20 1. 354E-03 2.364E-03

g 1 30 Press Permis-
gj sive A 5.236E-08 1 7. 584 E-07 8.199E-04 3.437E-05 1 1.010E-03 2.734E-02
[j 205 HT BKT 7. 614 E-11 14 1.275E-06 8. 206E-04 2. 337E-O ' 14 1.352E-03 2.803E-02
h 210 SW Press 8.375E-09 6 1.198E-06 8.205E-04 2.559E-03 5 1.098E-03 2.778E-02

215 K8C Coil 3.045E-09 10 1.245E-06 8.205E-04 9.243E-06 10 1.262E-03 2.769E-02
220 K8C. Contact No.1 3. 761E-12 17 1.276E-06 2.485E-06 2.654E-08 17 1.354E-03 2.364E-03
225 E8C Contact No.1 3. 761E-12 18 1.276E-06 2.e35E-06 2.654E-08 18 1.354E-03 2.364F-03
230 Press Permis- '

sive C 5.236E-08 2 7.524E-07 8.199E-04 3.437E-05 2 1.010E-03 2.734E-02<

305 HT RKT 7.604E-11 15 1.275E-06 8.199E-04 2.278E-07 15 1.352E-03 2.736E-02
310 SW Press 8. 364 E-09 7 1.192E-06 8.198E-04 2.494E-05 7 1.105E-03 2.711E-02,

315 K88 Coll 3.041E-09 11 1.295E-06 8.1978-04 9.008E-06 11 1.284E-03 2.702E-02
320 K88 Contact No. I 1.887E-12 23 1.276E-06 1.847E-06 8.978E-09 23 1.354E-03 1.696E-03
325 K88 Contact No. 1 1.887E-12 24 1.276E-06 1.847E-06 8.978E-09 24 1.354E-03 1.696E-03 <

330 Press Permis-
sive 8 5.231E-08 4 7.529E-07 8.192E-04 3.350E-05 3 1.019E-03 2.668E-02 gg

.
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1 Table 4 (Continued)

Component System Unavailability System Unreliability

S ensitivity With Comp With comp Sensitivity With Comp With Camp

JJ! Name Inden Rank Perfect Failed Index Rank Perfect Failed

405 HT BKT 7.604E-11 16 1.275E-06 8.199E-04 2.278E-07 16 1.352E-03 2.756E-02

410 SW' Press 8.364E-09 8 1.192E-06 8.198E-04 2.494E-05 8 1.1052-03 2.711E-02

415 K80 coil 3.041E-09 12 1.246E-06 P.197E-04 9.008E-06 12 1.264E-03 2.702E-02

420 K8D Contact No. 1 1.887E-12 21 1.276E-06 1.847E-06 8.978E-09 21 1. 354 E-03 1.696E-03

425 K80 Contact No.1 1.887E-12 22 1.276E-06 1.847E-06 S.978E-09 22 1.354E-03 1.696E-03

430 Press Permis-
sive D 5.231E-08 3 7.529E-07 8.192E-04 3.350E-05 4 1.019E-03 2.668E-02
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h be tested every month is crucial to this result. If the reactor and turbine
were to run for a very long tian without reducing power below 30%, it would be
necessary to test this pressure permissive with a pseudo signal.

Perhaps even more noteworthy is the fact that it is the same pressure
permissive modeled into both systems; if it is failed on one it is failed on
the other. The important thing to note is that the systems are not really in-
dependent. In particular, the control valve fast closure scram cannot ef-
factively backup the turbine trip scram and vice versa. Stated another way,
if the turbine trips off and the reactor fails to scras, it is unlikely that a

subsequent fast closure of the control valve will cause a scram because the
more probable cause of the original failure is' the pressure permissive which
is common to both systems.

The Reactor Protection System logic common to all channels and the Control
Rod Drives were not modeled because as noted in Assumption 8 the probability
of failure of that portion of the system was only 2 x 10'I per demand. The
results of this calculation justify that assumption; that the channel logic
Mr both the turbine trip scram and control valve fast closure trip scram

( domigate.the unavailability.
As stated in Assu:sption 9, the numerical results are based on the as-

sumption of random failures only. All of the failures that contribute signifi-
cantly to the overall probability of failure are combination failures to
exactly two components. There are no single component failures that cause
system failure and f ailures involving three or more failed components are of
insignificantly low probability.
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