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NRC/ZAEC of RESPONSE
1969-STUDY > MARCH 1971 - NEDO 10349

STUDY OF COMMON MODE FAILURE
IN ELECTRICAL SYSTEMS

1973-WASH 1270 > JUNE 1975 - NEDO 20626

MITIGATION REQUIRED

1975 STATUS REPORT ——— JUNE 30, 1976 - CONSEQUENCE

DESCRIPTION
10~/ SAFETY GOAL
DETERMINISTIC EVENTS SEPT. 30, 1976 - RELIABILITY
ASSESSMENT

1978 - NURSG 0460 ———> AUGUST 1, 1978-ACRS ATWS
SUBCOMMITTEE PRESENTATION

ATWS IS DESIGN BASIS
ACCIDENT

SAFETY GRADE OR 107>
MITIGATION REQUIRED

NO CREDIT FOR SCRAM
SYSTEM IMPROVEMENTS

DETERMINISTIC METHODS T0
MEET PROBABILISTIC GOALS

EDF:Br/1234
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1969

1971

1973

1974

1975

1976

1977

1978

JMW : Pav/1057

9/13/78

ATWS
OVERVIEW

ACRS REQUESTS STUDY

- STUDY CMF -
NEDO 10349 - RPT

- RESOLUTION SOUSHT -
WASH 1270

MITIGATION REQUIRED -

NED0-20626 - AUTC-BORON

- RESOLUTION SOUGHT -
STATUS REPORT

- 1077 MITIGATION -
MITIGATION RELIZBILITY

- UNWARRANTED - - ARSS -
HANAUER TASK FOR(E
- RECONSIDERATION -

NRC STAFF POSITJON - NUREG-0460

-6 €
« 107° MITIGATION WITH RELIABILITY

L
?



1T, RELIABILITY OF CURRENT SCRAM SYSTEM
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o  SUBMITTED BWR SCRAM SYSTEM RELIABILITY ANALYSIS REPORT
TO NRC - SEPT. 1976
0  ANALYZED CURRENT GENERIC SCRAM SYSTEM DESIGN

REACTOR PROTECTION SYSTEM LOGIC-RELAY AND
SOLID STATE ELECTRICAL SYSTEMS

CONTROL ROD DRIVE MECHANICAL SYSTEMS

o  INCLUDED COMPLETE STUDY OF BWR SCRAM SYSTEM
WiTH PAPTICULAR ATTENTION TC COMMON MODE FAILURES

EDF:8p/1312
8/13/7%



COMPREHENSIVE RFIIARILITY ASSESSMENT

o  CONSUMED 8 MAN-YEARS
0 440 PAGES
o  SYSTEMS ANALYZED:
- REACTOR PROTECTION SYSTEM RELAY LOG:iC
- REACTOR PROTECTION SYSTEM SOLID STATE LOGIC
- CONTROL ROD 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 INC' JDED INVESTIGATION OF 455 REPORTED
INDIVIDUAL COMPONENT ABNORMALITIES

o  RESULTS CONFIRMED BY OTHER BWR STUDIES

EDF:cc/146
9/15/73



GE RELIABILITY STUDY SUMMAZY

o  EXISTING SCRAM SYSTEM LNRELIABILITY IS €.8x10™°/DZNAND

o  MAJOR CONTRIBUTOR TO SCRAM UNRELIABILITY IS SCRAM
LCGIC/SENSOPS

o  CCMMON CAUSE F*._!RE POTENT;AL IN MECHANI“AL CONTROL
ROD DRIVC IS if.:-* THAN 107 /YEAR

| JM
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i1, RFCIRCULATION PUMP TRIP
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1971 ALTERNATE PATH TO SAFE SHI/TDOWN
NO REDUNDANCY OR PEDIGREE
1973 STATUS LESS CLEAR
STILL NOT SAFETY GRADE
1976 MONTICELLO RPT
NOT SAFETY GRADE
1970 LETTER, RUSCHE 70 WARD
SAFETY GRADE NOT REQUIREZ
1978 NUREG-0460
RPT CRITERIA EFFECT ON OTHER SYSTEMS
TOUGHENED CRITERIA EVEN WORSE

JMN;MKS/GSl



INITIATING SIGNALS

SAFETY GRADE
FAST ACTING

TRIP FUNCTION

JMW:mMks/682
9/13/78

\THS PUMP TRIF

HIGH REACTOR PRESSURE

LOW WATER LEVEL

NO
NO

DRIVE MOTOP CR
PUMP BREAKER

0C RPT
TURBINE STOP VALVE
INITIATION

TURBINE CONTROL VALVE
INITIATION

YES
YES

PUMP MOTOR.
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IV, ASSESSMENT OF SYSTCM CAPABILITY
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o  RECIRCULATION PUMP TRIP TO REDUCE POMER

o  SAFETY/RELIEF VALVES TO RELIEVE PRESSURE

NUCLEAR SHUTDOWN PROVIDED BY:
o  RECIRCULATION PUMP TRIP TO REDUCE POWER
o  MANUAL INITIATION OF STANDBY LIQUID COMTRCL SYSTEM

CORE_COOLING PROVIDED BY:

o  RECIRCULATION PUMP TRIP TO REDUCE POWER
o  MNORMAL FEEDWATER AS MAKE-UP INVENTORY

o  ECCS INVENTORY SUPPLY

o  REPLENISHMENT OF COMDENSATE STORAGE TANK BY
ALTERNATE WATER SOURCES

RECIRCULATION PUMP TRIP SIGNIFICANTLY REDUCES ATWS RISK |
|

EDF:cc/15]
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ATHS CVENT SEQUENCE
NON-ISOLATION EVENTS - TURBINE TRIP WITH BYPASS
LCAD REJECTION WITH BYPASS
o  TURBINE/GENERATOR TRIP INITIATED

o  TURBINE STOP VALVES CLOSED/BYPASS VALVES OPENED
ALLOWING CLOSED CYCLE HEAT REMCVAL - FZEDWATER
AVAILABLE FOR CORE COVERAGE

o  RPT OCCURS TO REDUCE POWER

o  SLC INJECTS BORON TO ACHIEVE NUCLEAR SHUTDOWN

o  SUCCESSFUL SHUTDOWN

JMW
MH/1656 3/13/78



ATWS FVERT SEQUENCE
ISOLATION EVENTS - MSIV CLOSURE

FW CONTROLLER FAILURE
RECIRC CONTROLLER FAILURE
LOSS OF FW FLOW
PRESSURE REGULATORY FAILURE
LOSS OF AUX PCWER
LOSS OF CONDENSOR VACUUM

o  MGIV CLOSURE INITIATED

o S/RV'S OPEN TO RELIEVE PRESSURE

o  RPT OCCURS TO REDUCE POWER

o  HPCI/RCIC ON AT LEVEL 2 (DRAWING FROM CCDENSATE
STORAGE) TO MAINTAIN WATER LEVEL

o  SLC INJECTS BORON TO ACHIEVE NUCLEAR SHUTDOWN
o  MSIV'S REOPENED AFTER PRESSURE EQUILIBRATES

o  CST INVENTORY MAINTAINED VIA CST TRANSFER PUMP
o  SHUTDCWN COOLING WITH RHR

o  SUCCESSFUL SHUTDOWN

JM
MH/1657 9/13/73



o  SORV OCCURS

o  RPT MANUALLY INITIATED TO REDUCE POWcR

o  RHR PLACED IN POOL COOLING MODE

o  SLC INJECTS BORON TO ACHIEVE NUCLEAR SHUTDOWN

o  DEPRESSURIZE USING ADDITIONAL S/RV'S

6 YPCI/RCIC ON (DRAWING FROM CONDENSATE STCRAGEZ’
TS MAINTAIN WATER LEVEL

o  SUCCESSFUL SHUTDOWN

Sl
MH/1658 2/13/73



POSSIRLE CHANGES TO SCRAM SYSTEM

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

CONCLUSION:

———

MODIFICATIONS WOULD REDUCE UNRELIABILITY OF THE SCRAM SYCTEM
BY GREATER THAN FACTOR OF 120,

EDF CC/’].SS

s/13/7¢
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0 TRANSIENT FREQUENCY

o SCRAM SYSTEM
UNRELIABILITY

o GSCRAM SYSTEM WitH
MODIFICATICNS
(GE ASSESSMENT)

o MITIGATED ATWS PROBABILITY

RECAL

o NUREG 0460 GJAL
o REASONABLE GOAL

)FipaT/11

S/12/73

L:

50

CHANGES TO SCRAM SYSTEM
(FREQUENCY COMPARISON)

NUREG-0465 GENERA. 1L ECTRIC
6/YEAR 3.5/YEAR

3x1072/DEMAND 0. 8x105/DEMAND

(3107 /DEMAND) <1077 /DEMAND

(ACEVERRY <1077 YIAR

1075/¥2AR
1072/YEAR

l |
HO CHANGE WARRANTZD !
L |

!




i Gacniin:
o  HUREG G460 SAFETY GOAL 1076/vEAR

o  EXISTING SCRAM SYSTEM 3x10°8/vean

- EXISTING SCRAM SYSTEM MEZTS
REASOHABLE SAFETY GOAL

o  RECIRCULATION PUMP TRIP SIGNIFICANTLY RECUCZS
ATWS CONSEQUENCES

o  INCLUSION OF ARSS WITH ZXISTING SYSTEM SUCCESSriLLY
MITIGATES ALL EVENTS

JiMW:mKs/683
G/13/72
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V.  REASONABLE VALUE IMPACT ASSESSMENT

EDF:paT/1114
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VALUE ASSESSMENT BASED ON KEY ASSUMPTIONS

REALISTIC
P(ATHS) 2 x 10™4/REACTOR-YEAR 3 x 10°8/PEACTOR-YZRR
OUTAGE TIME 12 MONTHS 0
BWR RADIOLOGICAL RISK  1000-3000 MAN~REM/ ]
OF ATHS CORE MELT REACTOR-YEAR ASSUNE
UNCHANGED

DOLLAR VALUE OF $1000/ MAN-REM b FOR THIS
RADIOLOGICAL EXPOSURE ASSESSMENT
BWR OFFSITE PROPERTY  $50,000-$200, 000/REACTOR-YEAR
DAMAGE RISK OF ATWS :
CORE MELT
DIRECT VALUE £33 - 47 MPLLION 3.3 - 0.7 MILLIOH
INDIRECT VALUE $23 MILLION 0

TOTAL VALUE §42 - 70 MILLION $0.3 « 0,7 MILLIO
ELF 1 50/553

9/13/78



SPURIOUS BORON INITIATIG
W e R L

o 1 SPURIGUS EVENT/10 YEARS/PLENT CAJSZD 5Y:
- SURVEILLANCE TESTING REQUIREMENTS
- EQUIPMENT FAILURES
- OPERATOR ERROR
o CLEAN-UP TIMEZ
1 MONTH ASSUMING 85 GPM SYSTEM wI7H 1J-MINUTE OPERATICHN
o IMPACT/PLANT

(4 EVEHTS ) X (1 MONTH/EVENT) X (315 MILLION/MONTH) =
PLANT LIFETIME

["$60 MILLION FOR 85 GPM SYSTEM/PLANT

(=3 paT/1128
S/15/7¢
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VI. ATWS RISK TQ THE PURLIC

(BASED ON WASH-14C0)

TOTAL AVG LWR RISK £x10™>/REACTOR-YR
TOTAL BWR RISK 3x10™°/REACTOR-YR
ATWS BWR RISK 1x10™°/REACTOR-YR
NON-ATWS BWR RISK 2x10™2/REACTOR-YR

24 DOMESTIC OPERATING BWRs PRESENTLY

CONSERVATIVELY ASSUME 500 REACTORS BY 2000

-5
THEN ATWS RISK FROM OPERATING BWRs = (500) (5x10-2
X

= 0.96%

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

JMW:Mks/684
9/13/78



CONCIUSIONS

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

o LY i
t H gl /.5//

1
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Ashok

Here is my input, censisting of a revised 1ist of (nitiating events,
a revised list of initial conditions, and a paragraph zincerning

PWR initial MTC, and a revised 1ist 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.

As a general comment, I think we're all going to have to
re-review this gdocument 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.



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 limiting.

1. Pressurized water reactors

[use existing list]

oiling Water Reactors

—

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.

Limiting Reactor Water Inventory Decrease. These transients
include loss of feedwater, pressure regulator failure, and
inadvertant opening of condenser bypass valves.

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

Limiting Reactor Water Temperature Decrease. These transients
include #d]fdneLidn/e6f/Lth¢ feedwater controller failure
(maximum flow), loss of the maximum credible WugiBer/of/fés/
amount of feedwater heating, and inadvertant initiation of
ehergeéncy/édré/ high pressure cold water injection systems.

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.

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.



ccmments on revised 1ist of initiating events

e

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

is that recirc pump trip{}‘inadvertant rod withdrawals dernot cause a Fi
reactor scram, and the analyses presently on record do not take credit for
a scram.

In addition, I should point out that o~e of the Dresden units managed to
lose a whole string f¢# of feedwater heaters. DOR intends to require all
BWR licensees to analyse loss of a string of heaters, unléss the piant 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, [ 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. [ say this in the context that we have am A] analyses already
(in the GE submittal) and therefore have some basis for believing that
IORV 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."



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 ievels (see Section I.C.a.] above).
Because future changes in fue! desian, cycle length, and other
changes can affect the moderator temperature coefficient, 2 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
operaticnal life. -This stateament must include:

1) a determination of theclesign 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 relevant 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 probadility
function. If this augmentation factor is less than 2 x 105 ak/°F,
detailed justification must be provided.



Initial Conditions (PWRs)

Core Power

Moderator Coefficient

Doppler Coefficient

Primary System Pressure (peak location)
Safety and Relief Valve Capacities and Setpoints
Core Inlet Temperature

Auxiliarv Feedwater flow rate

High Pressure Injection System Flow Rate
Service Water Temperature & Flow
Containment Volume

Steam Generator Inventory

Core Flow

Boron Concentration

Fuel Element Gap Size

Heat Exchanger Capability

Initial Conditions(BWRs)

Core Power

Void Ccefficient

Doppler Coefficient

Reactor Pressure (peax 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,fd/BFfif provide the signal used to actuate, the
setpoint, and bases for assumed actuation time. This should include valve
opening and closing times.




D. Systems and Equipment

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

Pressurizem 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



ATHS
ANTICIPATED TRANSIENT ©OLLOWED BY FAILURE TO SCRAM

WASH-1270

GOAL ~ 10
SPECIFIED ACCEPTANCE LIMITS

STAFF APPROACH

MODELS & ASSUMPTIONS
= JUDGE ACCEPTABILITY “\\\

g SAT{SE
ATHE
GOAL
PROBABILITY e

e

S, MITIGATING SYSTEMS
UNAVAILABILITY

INDUSTRY RESPONSE

P(ATWS) <« STAFF ESTIMATE

STAFF REQUIRENMENTS EXCESSIVE
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FACTORTAL MATRIX
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TABLE 1
TYPICAL MATRIX FOR PRIMARY SYSTEM PEAK PRESSURE CALCULATICNS

-

B L T R

-

-

o

3

OISy

A

.

o

over” AT Avi mrc® ADoppler™ cap™ BS/G MASS AUX Feed v2$£
_A2) _(°F) (PCW -r) . {mils) - — %) ___ Time(Seconds) (%)
100 0 -11.1 0 1.0 0 20 0
10 4 »? 425 ‘.4 -5 40 0
19" 4 <7 -25 1 5 15 0
104 -4 -15 +25 4. . 15 0
104 -4 -15 -25 1.6 40 0
as, 4 =35 +25 1.6 -5 15 0
96 4 -15 -25 46 5 40 0
Gi -4 -7 +25 1.6 5 4o 0
9n -4 7 -25 4. -5 15 0
Jon. 0 -11.1 0 3.0 25 5
10 ) 0 T S 0 3.9 25 0

Yo T 0 -11.1 0 3.0 0 2 0

Lticates scoctor gperating parameters which were in each vendor's matrix

PRI s e e e 1B



Parameter Shw

Power (%)

U(-4,4)
Tavg(oF) S
Error in Doppler N(0,12.5
Estimate (%)
Moderator Temp. N(-19,5)

Coefficient (PCM/™F)
Reactor Cooling Syst
Volume (difference
from nominal (%))

N(0,2.5)

Steam Cererator Level  N(0,4)
(difference from

nominal (%))

GAP
B&W Mils -
CE & difference
from nominal
W Units Ofc",;«
BTU/hr °F

Pressurizer Leve!l
(difference from

nominal (%))
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£ 1il

EQULT. St FRIL 515
S ——
<
Prob. of Pressure
Occurrence Increase P
of Due to
Vendor gtvent Event Event
Biw Relief valve fails to open .02=+ 200 psi* i
1 train of Aux. Feedwater .04 150 psi* =
is lost 3
S
CE 1 train of Aux. Feedwater .04 175 psa* | _'
is lost |
i
n Relief valve fails to open 04** 150 psi P——
1 train of Aux. Feedwaler .04 140 psi ﬁ;&;
is lost '

+Where two failur

2 given, they were both included indepencentl
as discussed in Sect he

] NF' '~"-”v‘~<—|
Al

*fstimated sensitivity based upon an ATAS primary system peak pressure
of about 3200 ps
**These probability valves are different because of the different =t -
number of valves. o

= -
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CAUTIONS & CONCLUSIOHS

%1

|. CAREFUL SELECTION OF ALL IMPORTANT PARAMETERS NECESSARY.

WE PICKED A FEW PARAMETERS,

7

2. LINEAR & INDEPENDENCE ASSUMPTION ON PARAMETERS NEED

CAREFUL STUDY,

3. DATA BASE MAY BE INSUFFICIENT TO GET GOOD ESTIMATES
ON PARAMETER DISTRIBUTIONS.

Iy, METHOD PROVIDES AN EASY ESTIMATION OF PARAMETER EFFECTS.
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411.

412.
413.
414,

415.

416.
417.
418.

418.

420.

421.

422.

ROD POSITION INDICATION (10) (5 pages)

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

Attachment III-3 (3 pages)
Question 222.22 (Attachment A) (13 pages)

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

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

Power Reactor Operating Experience (3 pages)
Westinghouse ATWS Loss of Normal AC Power (9 pages)

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

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

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

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

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




423.

424,

425.

426.

427.

428.
429.

430.

431.

432.

433.

434,

435.

436.

437.

438.

439.

440.

441,

: 22
November 25, 1977 Memorandum for Roger . Mattson from Malcolm L. Ernst
Subject: EXPANDED OUTLINE FOR ATWS I-V ANALYSIS (14 pages)

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

August 16, 1976 Note to Benard Rusche from Ashok Thadani Subject: W - ATWS (2 pages)
March 15, 1977 Note to ATWS Distribution List from D. Ross (10 pages)

Draft notes on NUREG-0461 (2 pages)

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

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

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

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

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

September 15, 1978 Memorandum for Roger J. Mattson from Richard C. DeYoung
Subject: REVIEW OF SUPPLEMENT 1 OF NUREG-0460, attaching November 23, 1977
Memorandum for Roger J. Mattson from Harold R. Denton(11 pages)

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

October ?0. 1978 Routing and Transmittal Slip to T. Novak from Gordon Chipman
(5 pages

November 10, 1977 Memorandum for T. M. Novak from D. F. Bunch Subject: ATWS
DRAFT PAPER (3 pages)

Accident Analysis, Probability and Risk Assessment: The Subjectivistic
¥:$wpoint)and Some Suggestions (Nuclear Safety, Vo1. 19, No. 3, May-June, 1978)
pages

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

R0u§ing 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)

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

November 10, 1977 Memorandum for T. M. Novak from D. F. Bunch Subject: ATWS
ORAFT DRAFT PAPER (3 pages)
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443,

444,
445,
446.

447.

448,

449,

450.

23

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

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

Undated Memorandum for Denton from Vollmer (7 pages)
Draft (2 pages)

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

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

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

Undated Note to D. F. Bunch from H.E. P. Krug and P.S. Tam Surject: ESTIMATED
THYROID DOSES FROM ATWS AS A FUNCTION OF STEAM GENERATOR TUBE LEAKAGE -
PRELIMINARY STATUS REPORT (20 pages)

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

anuary 1980 Analysis of BAW N Response to ATWS Even 81 pages



B, L I o R
» 5—4-.‘§‘-M‘.{l‘,_‘-ﬁ-.3.l"_.v \__.‘ ol _.,gﬁ i

R o i e

. " N N S — R— = - N—— - I TN~ g — N -






ROD POSITION INDICATION (10)

QUESTION:

WOULD LOSS OF ALL NORMAL AC POWER RESULT IN LOSS
OF CONTRO. ROD POSITICN IADICATION ON ANY PLAATS?
EXPLAIN HOW THIS WOULD IMPACT ACTUATION OF AdY
ATWS MITIGATING EQUIPNMENT.

ANSWER:
0 ROD POSITION INDICATING SYSTEMS ARE On DC
POWER
0 THERSFORE, NO IMPACT Q! ATWS MITIGATING

EQUIPMENT

JIN
8/8/7S
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OPERATOR ACTION (3)

QUESTION: IN LIGHT CF TMI WHY SHOULD CREDIT BE GIVEN FOR
10 MINUTE OPERATOR ACTION?

ANSWER:

o NOTHING AT TMI LEADS US TO CONCLUDE THAT WITH PROPER
TRAINING AND INDICATIONS OPERATOR ACTION IN 10 MINUTES
OR LESS IS PROPER.

e VERY FEW ACTIONS REQUIRED




POOL COOLING (25)

QUESTION: HOW WOULD OPERATOR DECIDE TO COOL POOL WHEN
VESSEL LEVE. IS LOW?

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.



BOROH 1#APACT (31)

QUESTION:

WHAT 1S THE EFFECT OF BOROW O RcPBd
M’Qr"ev.q/s Fnb 4

ANSWER:

—————

WE HAVE NOT IDENTIFIED ANY PROBLEMS
Non e
wlo Fully CAraniuy c]._.ﬂ,,/5

JMW
3/8/79



BOROW IMPACT (31)

QUESTION:

WHAT IS THE EFFECT OF BOROW OM RCPB,
/ﬁo#cv-a/s P/ob 7

ANSWER:

WE HAVE NOT IDENTIFIED ANY PROBLEMS
No»t
W/O ﬁ"/-/ C"Aan-u] C/t'!U«/S

JMW
3/8/79
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During the Hartsville Environmenta] Hearing, the ASLB macde their Site

Seitabil ity and NEPA ‘*rc‘t?sA As was typical, at Teast at that time

WNRC S rOutmel

Aseseets then authorized, amohg other things, the comstruction of the

turtine building unger an LiWA-I authorization (i.e., authorization of

the construction of the turdine buflding withoyt the imposition of the

18 criteria of 10 CFR Part S0, Appendix B, Quality Assyrance).

‘,’/:0/?,'4-4‘! ﬁ

The ASLE cameeriww tne aythorization for the comstructlion of the tyurtine

suiiding (1) because it 15 acdjacent to the auxilfary buildging, a safely

structure, and (2) because the turtine byflding comtains turbine trips

which activate the reactor protection sysies causing a8 reactor scram.

-

Lra TatEr TEITITL e———— 1 lained the long standing

staff pesition that turtine buildings meed not De Built in accordance win

10 CFR S0 Appendix B provided that the turdine SURRESET- -2t 22 s

[ ® » : I‘ e - I‘Ql.-.! & “...' —;e
Guring A AT A SULITEEe—, b T des Z"J

a‘n) cms}wsg s Joad smwss

L.'r,f;fm (wJ :nz/,/ *4—5%.««») -



1)

,.‘,"Tho staff further exglained that the Hartsville reactor protection trips
ﬁj were qualified to IEEE-279 (!97f¢xc¢ot for seismic requirements. IEZE-
279 requires that the scram sensors be fail safe (1.e., de-energize to fail)
J?and that they be powered from essential aé bus/cs. .
._L¢ c.}YW - ’
In 1ight of this additional testimony, the ASLB found that the turbine
building need not be constructed in accordance with 10 CFR 50 Appendiz
and that :he turbine RPS sensors as designed provided adequate w

Il
for the‘r intended functions. L" ol

ASLE

The basic theory accepted by the mmmmmi, and very clearly presented to the
ASLE by James P. Knight and which, s also clearly spelled out in the
regulations, is that the level of protection required of plant systems
should be directly proportional to the threat these systems pose to the

nealth and safety of the public.

When the ASLE received additional information alecng 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
'"{'3 1
the design the turbine SEEM inputs, acceptable.
2 g

C—
The ASLE's oamigmemees concerning these matters comorises Atucmmw
T'v; Jlﬂ”
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The bypass valves are "fail safe” in that their normal position is closed.

The bypass valves are designed to remain closed if vacuum is too low and

the valves will close 1f vacuum drops below a point.
.
L avtvma frally top
a0/t pramore
With tno/hl’-é——‘-.,’the Tﬁn fncredible scenario proceeds
as follows: 455“"‘"",3

(1)
(2) Turbine throttle valves close (no turbine island scram)
(3)

Turbine stop valves close (no turbine island scram) .

Turbine bypass valves are assumed to say closed. . ,
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UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMLSSION
BEFORE THE ATOMIC SAFTTY AND LICENSING BSCARD

In the Matter of

Docket No.

Tennessee Valley Authcrity ST 30-518
ST 50-313

(Bartsville Nuclear Plant, STN 50-520
Units Al, A2, 8l and B2) S™ 50-521

SUPPLEMENTAL TESTIMCIY OF NRC STAFF
IN RESPONSE TC BOARD QUESTIONS
8y
James D. Thomas

>
This tcuimny/k(otfeud in response to the Boarc's questions concerning
turbine trip expressed in the Board's Partial Initial Decision of
Decenber 10, 1976, which reads as follows:

*mhe Board adds the following issue to the health and safety
phase of the hearing, sua sponte:
——————————

1. Should the turbine trips of the reactor protecticn
systam and the turbine Dypass system De seismically
qual ified?

2. Should the turbine building be seismically qualified?

3. Should the reactor protection system receive shutdown
signals from buildings outside the nuclear island?”

In the GESSAR-238 design, the reactor trip system (RIS) receives inputs
from sensors located in the turbine building (generally a non-seismic
Category I structure). These sensors monitor the open-ciused status of
the turbine stop and control valves anc provide the RIS a scram signal
should these valves begin to close during power cperation (turdine stop
or control valve fast closure is indicative of a pending turbine tris,.

The singular function of these RTS turdine trip sensors is tQ tect the
during turbine trip transients by providing a scram si#,
icient time to prevent the fuel from exceeding its design safety

limit (a minimum critical power ratio of 1.07).

Since these sensors will be designed to IEEE-273-197
1y g { L5 sl + 2 ~

fuel will not



—

" "boiling transition, For thls event the reactor scram signal generaf.ed'

DL - i PR P T s+ Ml .

ired to fun
! ar thquake and the
for their function

: se RTS turbine trip are located
e ;m@-%?ﬁ%m?n—
C ailure of the trubine trip sensors
and demonstrate tRat other RIS 3ensors are availapble to assure that a
reactor scram could be acnieved,

statad that the probability of failure is small -
r year., Further, GE calculated the percentage
core which could be subject to boiling transition
as the result of the failure of the RTS turbine trip sensors when they
are called upon to operate. The 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 2greent of the fuel rods being subject to
eutron flux sensors to the K03 will terminate the transisnt
and maintain reactor system pressure well below the ASME allowable limit.

we have reviewed the GE response and conclude that the GE analysis is

-sufficiently conservative an : based on our own calcu-
lations, a margin in excess of 1200 Fahrenig etween the temoerature

We have analyzec the radiological consequences of this event using the
following assumptions:

(1) The 7 r rcent of the fuel rods in the core which experience
transition boiling will We and ralease the
activity contained in the fuel-c gap tO the reactor coolant.

(2) The containment and reactor vessel isclation control system does

not operate until all the fission products released to the reactor
coolant have escaped to the turbine condensor.

(3) The fission products are tnen teleased £rom the turbine condensor
in accordance to the critaria specified in the Appendix to Standard
Review Plan 15.4.7. SA———

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

to the thyroid and 0.7 Rem whole body assumint a relative concentration
of 1 x 10°3 sec/m?,"and & _ourse of event dose -f 5.0 Rem to the thyroid
and 0.32 Rem whole body a:« Jming a relative concer.racion value of 1 x 0%
sec/m?,



Y SR

(These doses were given in Supplement NO. 2 to the Safety Evaluation
Report for GESSAR-238). Due to more favorable meteorolody. the 0=2 hour
doses at the Hartsville site for this event would be 3.7 Rem to the
thyroid and 0.4 Rem whole body and the course of the event dose would
b-Z.GR-tothethyroidmo.l Rem whole body.

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

(1) There is a high probapility that the RTS turbine trip sensors
will prevent the fuel from exceeding safety limits during anticipated
turbine trip transients. '

(2) The probability of failure of the IS turbine trip sensors is low.

(3) In the event of RTS turbine trip sensor failure, other RTS sensors
+-are available which can affect.a reactor scram and maintain reactor

system pressure below the ASIE allowable limit.

(4) The radiological consequences of the RIS turbine trip failure event
are -ﬂb-lll fractions of the 10 CFR Part 100 guideline exposures.

Based on the apove co'ncldsims,‘ ‘our sp-cinc responses to the Board's® -
questions are as follows:

(1) The turbine trip sensors of :no'ructor protection system and
the turbine bypass system are not required to be seismically qualified

since neither 13 required to Lunction Juring a safe shutdown
ear thquake.

(2) The turbine building is not required to be seismically qual ‘fied
since it contains no components connected to the reactor protection
system that are required to function during the safe shutdown

ear thquake.

(3) The reactor protection system in the GESSAR-238 design may receive
signals from outside the nuclear island since these trip signals
assure that the design safety rargins for the fuel will be maintained

during anticipated operational occurrences.
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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
generator trip is of the order of 1(.1.6 per demand, considering random failures
only. There are no single point failures. The most dominant failure combina-
tions involve the pressure permissive that bypasses these scrams below 302 power
level. This bypass is common to both channels, turbine trip and generator trip
scrams.
METHOD OF SOLUTIOW™

A Reliability Block Diagram (RBD) is developed for each problen, ome for
the Turbine Trip Scram (Figure 1) and one for the Control Valve Fast Closure
Trip Scram (Figure 2). The RBD 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 path with no failures.

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

The solution to the RBD is programmed for GAMM (Ref. 1). GAMM accepts
the input data cn the failure rates, repair times, test intervals and logic,

and computes a numerical availability for the system.

-
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Pigure 2. Control Valive Fast Closure Trip Scram Availability Model
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ASSUMPTIONS *
The following assumptions realistically bound the scope of these problems
to make them tractable.

1.
2.

3.

4.

Given a turbine trip, all four turbine stop valves close.

Given a control valve fast closure trip, the pressure in the hydraulic
system actuating the control valve exceeds the trip point om all four
pressure switches.

The turbine stop valves are "exercised” daily, thus verifying the
mounting bracket, the switch, and the relay (except the contacts).
(Large Steam Turbine recommends daily testing.)

The control valve fast closure trip is exercised weekly, thus verifying
the pressure switches and the relay (except the contacts). (Large
Steam Turbine recommends weekly testing.)

The pressure permissive which bypasses the two scraz functions below
302 equivalent power is effectively tested each time.

Redundant relay contacts are tested when the channels are functiomally
tested. According to Reference 2, such testing shall be fnrforud at
least semi-annually.

The failure rates for the components (except for the mounting bracket)
are as follows:

Component !glurc/¥06 Hours
Prassure Switch 1.1

Limic Switch 1.1

Relay Coil (and armature) 0.4

Relay Contact (fail to open) 0.03

Mounting Bracket 0.01 (eetimate)

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 assumed to have a low probability of failure
relative to the irip channels.

The nv.irical predictions of availability assume only random failures.
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RESULTS, TURBINE TRIP SCRAM

The solution to the Trubine Trip Scram problem diagrammed in Figure 1 using
the failure rates and test intervals from the assumptions was obtained by using
the GAMM computer program (Reference l1). As indicated on Table 1, the unavaila-
bility, that is the probability that the turbine trip scram will fail on demand,

Table 1 also shows the top 20 combinations that comtribute to failure. Over
88 percent of the unavailability is charged to the two pairs of pressure permis-
sives that bypass the scram signal below 302 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 unavailabilicty of the system that involves the pressure permissives.

Table 2 shows the effect each zomponent has on system unavailability. The
sensitivicy index is the delta change in system unavailabilicy, 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-
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
vith a sensitivity inder of only 2.5% of that of the pressure permissives. The
least sensitive are the contacts which are highl: redundant and so have a =zinimal
effect on the system unavailability.

GAMM 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-
bilicty is 1.6 x 10'3. This is of interest because it simulates the condition
that would occur if only three of the four tr_ bine stop valves close. In other
vords, 1if only three turbine stop valves actually close, the probability of

7 o 1.4 = 1073, but the pressure trans-

failure to scram increases from 9.9 x 10~
ient associated with only three valves clcsing 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 unreliabilicty, but that calculation has no meaning

that relates to the problem at hand and should be ignored.

R222.22-8



MAJOR CONTRIBUTORS TO SYSTEM UNAVAILABILITY

Table 1

TURBINE TRIP SCRAM

Component Combinations

103
101
101
102
103
101
102
104
103
104
103
102
03
101
102

101
104
104
1no

1o

104
102
410
uo
810
310
210
510
710
610

715
215
815
415
us
15
515
615

310
410

Onsvallabilicy
4. 3909500E-07
4. 3909500E-07
9.0672970E-09
9.067297CE~-09
9.0672970E-09
9.0672970E-09
9.0672970E-09
9.0672970E-09
9.0672970E-09
9.0672970E-09
3.2971989E-09
3.2971989E-09
3.2971989E-09
3.297.989E-09
3.2971989E-09
3.2971989E-09
3.2971989E-09
3.2971989E-09
9.2927999E-10
9.2927999E-10

Percenc
64.2732
44.2732
0.9142
0.9142
0.9142
0.9142
0.9142
0.9142
0.9142
0.9142
0.3325
0.3323
0.3325
0.3325
0.3325
0.3325
0.3325
0.3325
0.0937
0.0937
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Component

i

410
415
420
425
510
515
520
525
610
615
620
625
710
715
720
125
810
815
820
825

SW VLV SVOS 4X5¢<
K10G Coil

K10G Cont No. 1

K!'0G Cont No, 2

SW VLV 5V0S 1X3<
Ki0B Coil

K108 Cont No. 1

K108 Cont No. 2

SW VLV 5V0S 3X5¢<
K10F Coll

K10F Cont No. 1

K10F Cont No. 2

SW VLV 5V0S 2%5¢<
K10D Coil

K10D Cont No. 1

K10D Cont No. 2

SW VLV 5V0S 4X3<
KI10H Cotl

K100 Cont No. 1

K10H Cont No. 2

Table 2 (Continued)

System Unavailability

Sensitivity With Comp
Index Rank Perfect
1.159-09 8  9.801E-07
4.215E-10 16  9.875E-07
1.430E-13 31  9.917E-07
1.430E-13 32 9.917E-07
1.159E-09 10 9.801E-07
4.213E-10 18 9 875E-07
1.407E-13 33 9.917E-07
1.407E-13 34  9.917E-07
1.158E-09 11  9.801E-07
4,212E-10 19  9.875E-07
1.400E-13 37  9.917E-07
1.400E-13 38 9.917e-07
1.159E-09 9 9.801E-07
4.213E-10 17  9.875E-07
1.407E-13 35 9.917E-07
1.407E-13 36 9.917E-07
1.158E-09 12  ¢.BO1E-07
4.212E-10 20 9.875E-07
1.398E-13 39 9.917E-07
1.398E-13 40  9.917E-07

With Comp
Failed Index

System Unreliability
With Comp With Comp

Sensitivity

Rank

8.009E-04 4.215E-06 8
B8.009E-04 1.530E-06 16
1.090E-06 1.330E-09 31
1.090E-06 1.330E-09 32
8.006E-04 4.185E-06 9
8.006E-04 1.519E-08 17
1.049€-06 5.095E-10 33
1.049E-06 5.095E-10 34
8.006E-04 4.179E-06 11
8.005E-04 1.516E-06 19
1.037E-06 3.415E-10 37
1.037E-06 3.415E-10 38
8.007E-04 4.1B5E-06 10
8.006E-04 1.519E-06 18
1.049E-06 5.074E-10 135
1.049E-06 5.074E-10 36
8.006E-04 4.167E-06 12
8.005E-04 1.512E-06 20
1.033E-06 9.927E-12 139
1.033E-06 9.927E-12 40

Perfect

Failed

3.016E-04
3.285E-04
3.43BE-04
3.43BE-04
3.019E-04
3.286E-04
3.43BE-04
3.438E-04
3.020E-04
3.28B6E-04
3.438E-04
3.438BE-04
3.019E-04
3.286E-04
3.43BE-04
3.43BE-04
3.021E-04
3.287E-04
3.43BE-04
3.438E-04

1. 345E-02
1.343E-02
4.956E-04
4.956E-04
1.335E-02
1.334E-02
4.019E-04
4.019E-04
1.333E-02
1.332e-02
3.828E-04
3.828E-04
1.335E-02
1.334E-02
4.017E-04
4.017E-04
1.330E-02
1.328E-02
3.449E-04
3. 449E-04

STt
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RESULTS, CONTROL VALVE FAST CLOSURE TRIP SCRAM

The solution to the Control Valve Fast Closure Trip Scram problem diagrammed
in Pigure 2 was obtained by utilizing the GAMM computer program (Reference 1).
The failure rates and test intervals are as indicated in the Assumptions Sectionm.
As indicated in Table 3, the wnavailability, that is the probability that the
control valve fast closure trip will fail on demand, is 1.3 x 10°°.

Table 3 also shows the top 20 component combinations that comtribute to
failure. Nearly 69 percent of the unavailability is charged to the two pairs of
pressure permissives that bypass the scram signal below 30X equivalent power.
These paired components are 130 and 230, and 330 and 430. In additiom, each of
these same pressure permissives are paired with other componeats to contribute
an additional 26 percent unavailability. This makes for a total of 95% of
the unavailability of the system that involves the pressure permissives.

Table 4 shows the effect each component has on system unavailabilicy.

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
sensitivity index figure, the more influence that component will have on system
unavailability. The first four in semsitivity index rank are the pressure
permissives, components 130, 230, 330, and - “hese are followed by the
pressure switches ranking 5 through 8, the coil (and armature) rank.ng

9 through 12, the mounting brackets raoking 13 through 15, and, tm;uy.

the relay contacts ranking 17 through 24.

DISCUSSION OF RESULTS

The failure rate of the mounting bracket was estimated at 0.0l failures
per million hours. This is a relativelv low failure rate which should be ap-
propriate for a passive component such as a bracket. The sensitivity iadex
shows that these mounting brackets are two to three orders of magnitude less
influential than the pressure permissive, so a more precise estimate is not
needed.

The 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-

7 t0 8.8 x 10" Similarly, om
the control valve fast closure trin scram, the unavailabilicy ~auld drop from

1.3z 10-6 to 8.8 x 10'7. The assumption that the pressure permissive will

bine trip scram would only drop from 9.9 x 10

R222.22-12
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MAJOR CONTRIBUTORS TO SYSTEM UNAVAIABILITY
CONTROL VALVE FAST CLOSURE TRIP SCRAM

v

EEBEECEEEEEBEUECEREEREE

«30

i3
430

&30

ECEE

410
215
415
¢
410

L5

43¢

[

Table 3

Sesvailaviiicy
4. 3909 500E-07
4. 3905 500E-07
6.1405336E-08
6.14051362-08
6.1405356E-08
6.14053562-08
2.23292208-08
2.2329220E-08
2.2329220E-08
2.22922CE-08
1.6262400E-08
1.6262400E~-08
5.9135999E-09
3.9135999E-09
%. 9135999809
3.9135959E-09
2.1504000E-09
2.1504000E-09
5.5823051E-10
5.358230S51E-10

Perceac

34,3542
34,3942
4.809%
4. 8093
4. 8088
4.809%
1.74%0
1.7490
1.74%0
1.74%
1.2738
1.2738
C.<632
0.4632
C.4632
C.4632
0.1684
0.168+
0.0437
0.0437
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Component

MT BKT

SW Press

K8A Cotl

KBA Contact No.
KBA Contact No.

Press Permis-
slve A

MI BKT

SW Press

K8C Coil

KBC Contact No.
FBC Contact No.

Press Permis~
sive C

MT BKT

SW Press

K88 Coll

K8B Contact No.
K8B Contact No.

Press Permis-
sive B

Table &

COMPONENT EFFECTS ON SYSTEM UNAVAILABILITY
CONTROL VALVE FAST CLOSURE TRIP SCRAM

System Unavailability

System Unreliability

Sensitivity With Comp With Comp Jeasitivity With Comp With Comp
Index Rank Perfect Failed Index Rank Perfect Failed
7.614E-11 13 1.2756-06 B.206E-04 2.337E-07 13 1.352E-0) 2.803E-02
8.375E-09 5  1.192E-06 B.205k-04 2.559E-05 6 1.098E-01 2.778E-02
3.045E-09 1.245E-06 8.205E-04 9.243E-06 9 1.262E-03 2.769E-02
J.761E-12 19  1.276E-06 2.4B5E-06 2.654E-08 19 1.354E-03 2. 364E-03

1 3.761E-12 20 1.276E-06 2.485E-06 2.654E-08 20 1.354E-03 2, 164E-0)
5.236E-08 1  7.584E-07 B.199E-04 3.437E-05 1 1.0108-03 2.734E-02
7.614E-11 14  1.275E-06 8§.206E-04 2.337E-0' 14 1.352E-03 2.803E-02
8.375E-09 6 1.19BE-06 B8.205E-04 2.559E-05 5 1.098E-03 2.778E-02
J.045E-09 10 1.245E-06 8.205E-04 9.243E-06 10 1.262E-03 2.769E-02
J.761E-12 17  1.276E-06 2.485E-06 2.654E-08 17 1.354E-03 2.364E-03

1 3.761E-12 18  1.276E-06 2.495E-06 2.654E-08 18 1.354E-0) 2.364F-03
5.236E-08 2 7.524E-07 8.199E-04 3.437E-05 2  1.010E-03 2.734E-02
7.604E-11 15  1.275E-06 8.199E-04 2.278E-07 15 1.352E-03 2.736£-92
8.364E-09 7 1.192E-06 B8.198E-04 2.494E-05 7 1.105E-03 2.711E-02
J.041E-09 11  1.295E-06 8.1978-04 9.008BE-06 11 1.284E-03 2.702E-02
1.887E-12 23  1.276E-06 1,847E-06 8.978E-09 23  1.354E-03 1.696E-03

1 1.887E-12 24 1.276E-06 1.B47E-06 B.978E-09 24 1.354E-03 1.696E-03
5.231E-08 4  7.529E-07 B.192E-04 3.350E-05 3 1.019E-03 2.668E-02

SLTTITT
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Component

405
410
415
420
425
430

MI BKT

SW Press

KBD Cotil

K8D Contact No.
K8D Contact No.

Press Permis~
slve D

Table 4 (Continued)

System Unavailability System Unreliability
Sensitivity With Comp With Comp Sensitivity With Comp With Comp
Index Rank Perfect Falled Index Rank Perfect Falled

7.604E~11 16  1.275E-06 B.199€-04 2.278E-07 16 1.352E-03 2.756E-02
B.364E-09 B8  1.192E-06 B8.198E-04 2.494E-05 8 1.105£-03 2.711E-02
3.041E-09 12 1.246E-06 # 197E-04 9.008E-06 12  1.264E-03 2.702E-02

1 1.BA7E-12 21 1.276E-06 1.B847E-06 B.978E-09 21  1.354E-03 i.696E-0)
1 1.887E-12 22 1.276E-06 1.B47€-06 8.97BE-09 22  1.354E-03 1.656E-03

5.231E-08 3 7.529E-07 B8.192E-04 3.350E-05 4 1.019E-03 2.668E-02

1 744241
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be tested every month is crucial to this result. If the reactor and turbine
were to run for a very long time without reducing power below 30X, 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-
fectively backup the turbine trip scram and vice versa. Stated another way,
if the turbine trips off and the reactor fails to scram, 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 Comtrol
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 ].0.9 per demand. The
resulis of this calculation justify that assumption; that the channel logic
iar both the turbine trip scram and control valve fast closure trip scram
domi:atz the unavailability.

As stated in Assumptiou 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 failures involving three or more failed components are of
insignificantly low probability.
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