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Docket No. 50-259
.

DEC 3 3
..

Mr. Hugh G. Parris
Manager of Power
Tennessee Valley Authority
500A Chestnut Street, Tower II
Chattanooga, Tennessee 37401

Dear Mr. Parris:

SUBJECT: INTERIM RELIABILITY EVALUATION PROGRAM (IREP) STUDY OF BROWNS
FERRY MUCLEAR PLANT, UNIT 1

We have received from our contractor, EG&G - Idaho the results of its IREP
aridlysis of Browns Ferry Unit 1. The results are presented in NUREG/
CR-2802, which consists of four volumes; the main report and three ap-
pendixes. The main report provides a summary of the engineering insights I
acquired in doing the study and a discussion regarding the accident -

- sequences that dominate the risks of Browns Ferry, Unit 1. It also de-
2cribes the study methods and their limitations, the Browns Ferry plant
and its systems, the identification of accidents, the contributors to these

# accidents, and the estimating of accident occurrence probabilities. Appendix
A provides supporting material for the identification of accidents and the

| development of logic models, or event trees, that describe the Browns Ferry
| accidents. Appendix D provides a description of Browns Ferry, Unit 1, plant
| systems and the failure evaluation of those systems as they apply to

accidents at Browns Ferr4. Appendix C generally describes the methods used
to estimate accident sequence frequency values. A copy of the main report
and appendixes is enclosed.

We understand you are nearing completion of your own IREP Study. We would
appreciate you reviewing the enclosed reports and provide us any comments you
may have on the results of the EG&G IREP study and your current p6sition with
respect to the conclusions of the report. He would appreciate a response
within the next three months. Upon completion of our review of your response,
we plan to prepare and issue a Safety Evaluation. If you have any questions or

i

| would like to discuss this with our staff, please contact Dick ClarP, the

| Browns Ferry project manager (301-492-7162).
|
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The reporting and/or recordkeeping requirements contained in this letter
affect fewer than ten respondents; therefore. OMB clearance is not re-
quired under P. L. 96-511.

Sincerely,

CRIGIHAL sic:= n

Domenic B. Vassallo, Chief
Operating Reactors
Division of Licensing
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H. S. Sanger, Jr., Esquire Mr. Ron Rogers
General Counsel Tennessee Valley Authority
Tennessee Valley Authority 400 Chestnut Street, Tower II

400 Commerce Avenue Chattanooga, Tennessee 37401
E llB 33C
Knoxville', Tennessee 37902 Mr. H. N. Culver

249A HBD
Mr. Charles R. Christopher 400 Commerce Avenue
Chairman, Limestone County Commission Tennessee Valley Authority
P. O. Box 188 Knoxville, Tennessee 37902
Athens, Alabama 35611

Resident Inspector
Ira L. Myers, M. D. U. S. Nuclear Regulatory Commission
State Health Officer Route 2 Box 311
State Department of Public Health Athens, Alabama 35611
State Office Building
Montgomery, Alabama 36104 George Jones

Tennessee Valley Authority
Mr. Oliver Havens P. O. Box 2000
U. S. Nuclear Regulatory Commission Decatur, A1 1bama 35602
Reactor Training Center
Osborne Office Center, Suite 200 Mr. Robert Christie
Chattanooga, Tennessee 37411 Tennessee Valley Authority

W10D 190C-K
b 400 West Summit Hill Avenue

Knoxville, Tennessee 37902

James P. O'Reilly
Regional Administrator, Region II
U.S. Nuclear Regulatory Commission
101 Marietta Street, Suite 3100
Atlanta, Georgia 30303
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NOTICE ,

This report was prepared as an account of work sponsored by an agency of the United
States Government. Neither the United States Government nor any agency thereof,
nor any of their employees, makes any warranty, expressed or i.nplied, or assumes any
legal liability or responsibility for any third party's use, or the resul's of such use, of any
information, apparatus, product or process disclosed in this report, or represents that

its use by such third party would not infringe pnvately owned rights.
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| Available from

GPO Sales Program

Division of TechnicalInformation and Document Cor trol *

U.S. Nuclear Regulatory Commiss!on
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| National Technical Information Service
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ABSTRACT ,

A probabilistic risk assessment (PRA) was made of the Browns Ferry, Unit 1, nuclear plant as part of
the Nuclear Regulatory Commission's Interim Reliability Evaluation Program (IREP). Specific goals of
the study were to identify the dominant contributors to core melt, develop a foundation for more extensive
use of PRA methods, expand the cadre of experienced PRA practitioners, and apply procedures for exten-
sion of IREP analyses to other domestic light water reactors.

Event tree and fault uee analyses were used to estimate the frequency of accident sequences initiated by
transients and loss of coolant accidents. External events such as floods, fires, earthquakes, and sabotage
were beyond the scope of this study and were, therefore, excluded. From these sequences, the dominant
contributors to probable core melt frequency were chosen. Uncertainty and sensitivity analyses were per-
formed on these sequences to better understand the limitations associated with the estimated sequence
frequencies. Dominant sequences were grouped according to common containment failure modes and
corresponding release categories on the basis of comparison with analyses of similar designs rather than on
the basis of detailed plant-specific calculations.

Each of eight dominant sequences for Browns Ferry, Unit 1, were initiated by postulated plant tran-
sients. Six of the eight sequences involved failure of the long-term decay heat removal functions of the

*

residual heat removal system. These sequences account for 73?o of the sum of the dominant sequence fre-
quencies. The other two sequences involved an anticipated transient without a (subsequent) scram and
account for 27?o of the sum of the dominant sequence frequencies.

v

While no LOCA-initiated sequences were dominant contributors to the frequency of core melt accidents,
two of the eight dominant sequences involved transient-induced stuck-open relief valve scenarios.

,

The results show that the single most important factor in reducing the risk of a core melt accident at
Ilrow ns Ferry, Unit 1, is providing reliable long-term decay heat removal capability; the next most impor-
tant factor w ould be providing more reliable means to ensure that the reactor can be rapidly shut down and
maintained suberitical.

.

r'

.
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SUMMARY

Probabilistic risk assessment (PRA) techniques offer important analytical tools for the safety evaluation
of nuclear power plants. Toward this end, the Three Mile Island Action Plant identifies the Interim
Reliability Evaluation Program (IREP) as a high priority effort to apply PRA techniques in the measure-

,

ment of public health and safety risk of nuclear power plants. Because of plant-to-plant differences in
design and operation, it is desirable to apply these techniques to other reactor plants in addition to those
already studied.

.

The purpose of the current program, then, is to apply PRA techniques to several plants. Specific goals
include:

1. Identik/ accident sequences that dominate the contribution to core melt.

2. Develop a foundation of information for additional and more extensive application of
PRA techniques.

3. Expand the cadre of experienced PRA practitioners.

I 4. Develop procedures for the uniform application of PRA techniques to other domestic
light water reactors.

EG&G Idaho, Inc., was contracted by Sandia National Laboratories to perform the IREP assessment of
the Browns Ferry Nuclear Plant, Unit 1 (BFI). Analytical support was furnished by Energy Inc., Seattle
office. Battelle-Columbus Laboratories provided analyses for grouping the dominant sequences according
to release categories.

*
; The BFI 1 REP team identified and estimated the frequency of potential core melt sequences caused by
| loss of coolant accidents (LOCAs) and transients. The dominant sequences were identified and release

categories similar to those defined in WASil-1400 were assigned to each of these sequences. In the course
9 of the analysis, many engineering insights important to risk were identified. This section of the report sum-

marizes those insights and the dominant sequence evaluation.

Engineering Insights;

The single most important engineering insight relating to risk is the dependence of BFI on the residual
heat removal (RHR) system for long-term decay heat removal. For the majority of the accident initiators,
the power conversion system (PCS) is unavailable. Therefore, only the RIIR system in either the torus
cooling or the shutdown cooling mode is available to remove decay heat from the reactor.

Six of the eight dominant sequences identified involve failure of the torus cooling and shutdown cooling
modes of the R11R system. These sequences account for approximately 73We of the sum of the dominant
sequence frequencies. Therefore, no significant reduction in core melt frequency can be achieved without
reducing the unavailability of the R11R system or providing an alternate means of long-term decay heat
removal. Thus, the RiiR system is the most risk-critical system at BFl.

!+ Of the three dominant sequences involving a loss of offsite power, failure of the emergency equipment
cooling water (EECW) system accounts for approximately 40To of the initial core melt frequency value.
While consideration of potential recovery actions makes EECW system failure a nonsignificant con-
tributor to the final frequency of these sequences, it would seem feasible that the system could be designed.

and operated in such a way that the dependence on operator recovery actions is minimized.

The rupture disks on the exhaust lines of the reactor core isolation cooling (RCIC) and high pressure
coolant injection (llPCI) systems affect the unavailability of these systems. These devices are intended to

iii
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be last-resort safety devices to prevent a rupture of the turbines or turbine exhaust lines. Premature failure
of these rupture disks leads to isolation of the system when no such isolation is required. Therefore, rup-
ture disk failures contribute significantly to RCIC and HPCI system unavailabilities.

Scheduled testing and maintenance accounts for approximately 25% of the HPCI system unavailability.
That is, one fourth of the probability of the HPCI system being unavailable when required is due to the ,

operators making the system unavailable in order to test or maintain the system. This value seems to be
high in light of scheduled testing and maintenance contributions of other systems. This indicates that a
close examination of the scheduled testing and maintenance requirements may be needed to ensure that the

,

benefit of frequent testing is balanced against the unavailability caused by that testing.

Dominant Sequences

Eight dominant sequences were identified for BFl. Table S-1 lists these sequences along with the
sequence frequencies, calculated error factors and containment failure mode frequencies. Each error fac-
tor represents an upper 95% sequence frequency bound divided by the corresponding frequency point
estimate. The containment failure modes are identical to those of WASH-1400. For these particular
sequences, the release categories are a - 1, y' - 2, and y - 3, where the Numbers I,2, and 3, refer to the
WASH-1400 release categories.

Table S-1. Dominant sequences versus containment failure modes

Containment Failure Mode Frequenciesa

Error
y' ySequence Frequency Factor a *

9.7 x 10-5 8.7 9.7 x 10-9 1.9 x 10-5 7.8 x 10-5TRRUBA
F

TB 5.1 x 10-5 5.0 5.1 x 10-9 1.0 x 10-5 4.1 x 10-5U

2.8 x 10-5 2.8 2.8 x 10-9 5.6 x 10-6 2.2 x 10-5TpRgRA

9.3 x 10-6 9,0 9,3 x 10-8 1,9 x 10-6 7.4 x 10-6TKRgRA

4.1 x 10-6 15.3 4.1 x 10-10 8.2 x 10-7 3.3 x 10-6T QRgRAU

T BM 3.7 x 10-6 4.6 3.7 x 10-10 7,4 x go-7 3,o x go-6A

1.6 x 10-6 2.8 1.6 x 10-8 3.2 x 10-7 1.3 x 10-6TpKRgRA

1.2 x 10-6 4.7 1.2 x 10-10 2.4 x 10-7 9.6 x 10-7TpQR RBA

Final 2.0 x 10-4 5.6 1.3 x 10-7 3.9 x 10-5 g,7 x 10-4

.

a. Probabilities of containment failure modes:
i

(in-vessel steam explosion) 0.01 for LOCAs=a
*

(in. vessel steam explosion) 0.0001 for transients=a
y (release through annulus) 0.8=

y' (direct release to atmosphere) 0.2.=

iv
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Several of the dominant sequences have similar phenomonology and system responses and will be
grouped together in this discussion. Each is discussed individually in the main report and Appendix C.

Transients with DHR Failure
.

Three sequences, T RgR , TKR RB A, and T QR RB A, involve transient initiators with subsequentU A U
failure of the torus cooling and shutdown cooling modes of the RHR system. In each case, a transient is
followed by a reactor scram and successful overpressure protection. In one case, TKR RB A, a relief valve*

fails to rescat causing steam to be discharged from the reactor to the torus. In each case, one of the high
pressure injection systems (RCIC or HPCI) operates to maintain reactor water level. However, failure of
the RH R system to remove the decay heat being transferred from the reactor to the torus eventually results
in an inability to pump the torus water back to the reactor due to excessive torus water temperatures. Core
uncovering and core melt ensues.

The dominant contributc.rs to the unavailability of torus cooling and shutdown cooling modes of RHR
are control circuit faults associated with motor-operated valves. In particular, minimum-flow bypass valve
faults contribute approximately 18% to the total system unavailability of 7.6 x 10-5. Figure S-1 is a
sequence evaluation diagram illustpting RHR failure for these sequences.

Since the high pressure systems can operate for several hours before the torus water temperature
becomes excessive, there are recosery actions available to the operator. One potential recovery action is to
use the PCS to remove decay heat frem the reactor. Since some transient initiators may preclude use of the
PCS and since PCS recoverability is not easily quantifiable, no credit was taken for PCS recovery in the
final sequence frequency. HowcVer, control circuit faults were considered to be recoverable in this time
frame. The operator could manually operate the valves or bypass / repair the control circuits. Inclusion of
recovery olential reduced the unavailability of the torus cooling and shutdown cooling modes from
7.6 x 10- to 5.7 x 10-5. This value was used to calculate the final sequence frequency of Table S-1.*

Loss of Offsite Power with DHR Failure,

Three sequences, TpR RB A,TpKRgRA, and TpQR RB A, involve a loss of offsite power and subse-
quent failure of the torus cooling and shutdown cooling modes of the RHR system. The phenomonology
of these three sequences is identical to the three described in the previous section. The differences between
these sequences and the previous sequences are in the initiator frequency and effect of the initiator on
system unavailabilities.

The dominant contributors to the unavailability of torus cooling and shutdown cooling can be separated
into two parts: EECW-related faults and non-EECW-related faults. Failure of the EECW system will
eventually cause failure of all the emergency diesel generators, thereby precluding use of the RHR system.
The non-EECW faults are primarily combinations of diesel generator faults which of themselves disable
the RHR system. The unavailability of torus cooling and shutdown cooling is the sum of these two values
(2.0 x 10-2 + 2,9 x go-2 = 4,9 x jo-2). Figure S-2 is a sequence evaluation diagram describing RHR
failure for these sequences.

As before, the high pressure systems can operate for several hours before the torus water overheats. This
allows time for the operators to take recovery actions. Among the recovery actions available is restoration*

2of offsite power. WASH-1400 data suggest that offsite power can be restored 97% of the time before the
torus water overheats. For the other 3% of the time, the operators could manually start additional pumps
to scrse the EECW function before total diesel power failure occurred. The operators could also isolate-

nonessential EECW loads so that fewer than three of four pumps would be needed to serve the vitalloads.
Taking these factors into account reduces the unavailability of torus cooling and shutdown cooling from
4.9 x 10-2 to 9.4 x 10-4. This value was used to calculate the final sequence frequency of Table S-1.

v
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Appendix B Appendix B Appendix B Appendix B
Section 2.2

INEL 21674

Figure S-1. Residual heat removal failure for transient sequences with normal power available.

Transients with Failure to Scram

Tw o sequences, T B and T BM, involve failure of the control rod drive system to insert enough rods toU A
make the reactor subcritical. For the first sequence, T B, a transient that disables the PCS is followed by aU
failure to scram. The resulting power level causes the relief valves to lift and dump steam to the torus. This
coolant loss rate is greater than the high pressure system makeup rate. Therefore, core uncovery and core
melt occurs. For the second case, T BM, the PCS is available. However, the turbine bypass valves cannotA
pass more than 30% rated steam flow. Without successful recirculation pump trip reactor power may
remain significantly higher than 30%. Therefore, the relief valves open to dump steam to the torus. This

*

causes depletion of the water in the condensate storage tank (CST) and a trip of the feed pumps. Main
steam isolation valve closure follows and this sequence is then identical to T B.U

.

The value for failure to scram (3.0 x 10-5) was taken from Reference 3. The complexities of precisely
modeling how many rods in which patterns must fail to insert in order to remain critical was considered to
be beyond the scope of this analysis,

vi
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RB and RA 4.9 x 10 - 2faults

A'

-
.

3.0 x 10 -4 | | 4.9 x 10 - 2 s

Independent Common
faults faults

-%

|7.2 x 10 - U | 4.2 x 10 - 2 | 2.9 x 10 -2 | 2.0 x 10 - 2
' ElectricTorus Shutd.own EECW

cooling cooling power faults
faults faults faults.

Appendix B Appendix B Appendix B*

Combination
of three Ii

diesels
INEL 21673

Figure S-2. Residual heat removal failure given a loss of offsite power.

The lack of adequate models to determine plant thermodynamics under the failure to scram conditions
previously described, along with the rapid development of events in such a scenario, resulted in the deci-
sion to exclude operator recovery actions for these sequences. Therefore, no credit for operator recovery is
taken in calculating the final sequence frequency of Table S-1.

Conclusion
.

The single most important factor in reducing the risk of a core melt accident at BFI is providing reliable
long term decay heat removal capability; the next most important factor would be providing more reliable,

means to ensure that the reactor can be rapidly shut down and maintained suberitical. The analysis sug-
gests that no significant reduction in the core melt frequency can be achieved without making
improvements in these two areas.

,
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FOREWORD
;

i This report describes a risk study of the Browns Ferry, Unit 1, nuclear plant. The study is one of four
such studies sponsored by the NRC Office of Research, Division of Risk Assessment, as part ofits Interim
Reliability Evaluation Program (IREP), Phase II. Other studies include evaluations of Arkansas One,
Unit 1, by Sandia National Laboratories; Calvert Cliffs, Unit 1, by Science Applications, Inc.; and
Millstone, Unit 1, by Science Applications, Inc. EO&G Idaho, Inc. was assisted by Energy Inc., Seattle, in

' its evaluation of the Browns Ferry, Unit 1, plant. Battelle-Columbus Laboratories provided information
regarding the fission product releases that result from risk-significant accident scenarios. Sandia National
Laboratories has overall project man.ngement responsibility for the IREP studies. It also has responsibility
for the development of uniform probabilistic risk assessment procedures for use on future studies by the
nuclear industry.

i
This report is contained in four volumes: a main report and three appendixes. The main report provides

a summary of the engineering insights acquired in doing the study and a discussion regarding the accident
sequences that dominate the risks of Browns Ferry, Unit 1. It also describes the study methods and their
limitations, the Browns Ferry plant and its systems, the identification of accidents, the contributors to

,

those accidents, and the estimating of accident occurrence probabilities. Appendix A provides supporting
material for the identification of accidents and the development of logic models, or event trees, that
describe the Browns Ferry accidents. Appendix B provides a description of Browns Ferry, Unit 1, plant

,
*systems and the failure evaluation of those systems as they apply to accidents at Browns Ferry.

Appendix C generally describes the methods used to estimate accident sequence frequency values.

Numerous acronyms are used in the study report. For each volume of the report, these acronyms are
defined in a listing immediately following the table of contents.

;
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NOMENCLATURE
i

The complement of A (a success event if A is a failure event). ( may also be used to mean
" unavailability.")

A Alarm
*

AC Alternating current
ACC Accumulator
ADS Automatic depressurization system
All Alarm-high -

AO Air operator
APRM Average power range monitor

,

AT Anticipated transient
ATWS Anticipated transient without scram

BFI Browns Ferry, Unit 1, nuclear plant
BI Break isolation
BWR Bciling water reactor

CAD Containment atmosphere dilution
CCW Condenser circulating water
CD Complete dependence
CE Conductivity element
CIS Containment isolation system
Cig Cooling
COND Main condenser
CR-3 Crystal River, Unit 3, nuclear plant IREP study
CRD Control rod drive

*

CRDil Control rod drive hydraulic
CRDilS Control rod drive hydraulic system
CRW Clean rad waste
CS Core spray .

CS&T Condensate storage and transfer
CSCS Core standby cooling system
CSS Core spray system
CST Condensate storage tank
CV Control valve

D Demand
DC Direct current
DEP Depressurization
DG Diesel generator
DilR Decay heat removal
Diff Different
DPI Differential pressure indicator
DPIS Differential pressure indicating switch
DPS Differential pressure switch
DPT Differential pressure transmitter

.

EAC Equipment area cooling
ECCS Emergency core cooling system
ECl Emergency coolant injection .

EECW Emergency equipment cooling water
EllC Electro-hydraulic control
EMI Electiical Maintenance Instruction

Xiv
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1

EOI Equipment Operating Instructions
EPRI Electric Power Research Institute
EPS Electrical power system
ESFAS Engineered safety features actuation system

F(.) Frequency of initiator in parentheses.

FCV Flow control valve
FE Flow element

*
; FI Flow indicator.

FIC Flow indicating controller
FLS Front-line system
Fh1EA Failure mode effects analysis
FR Flow recorder

,'
FS Flow switch
FSAR Final Safety Analysis Report
FT Flow transmitter
FWC Feedwater control4

| FWCS Feedwater control system

G Green
GOI General Operating Instructions

11 liigh
11/L liigh/ low
ilCU liydraulic control unit '

ilCV iland control valve
llEP lluman error probability
IIPCI liigh pressure coolant injection.

IIPCS Fligh pressure core spray
llPI liigh pressure injection
IIS llandswitch,

IISS liigh speed stop
IIVAC lleating, ventilation, and airconditioning
flX lleat exchanger

I&C Instrumentation and control '

1&E Inspection and enforcement
IN11 Instrument hiaintenance Instruction
INJ Injection
IREP Interim Reliability Evaluation Program
IRN1 Intermediate range monitor

L Low
LA I_evel alarm
1.D Low dependence
LER Licensee Event Report
LIC Level indicating controller
LIS Level indicating switch.

LL Low-low
LOCA Loss of coolant accident
LOSP Loss of offsite power

*

LPCI Low pressure coolant injection
LPI Low pressure injection
LS Limit switch
LSS Low speed stop
LT Level transmitter

xv
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,

M Motor (operated valve)
MCR Main control room
MD Moderate dependence
MGU Master governor unit

4 MMG Motor generator
MMi Mechanical Maintenance Instruction ,

] MO Motor operated
j MOV Motor-operated valve

MSC Manual speed control; ,

MSI Main steam isolation
MSIV Main steam isolation valve
MSL Main steam line

NA; N/A Not applicable
NC Normally closed
NMS Neutron monitoring system
NO Normally open .

3

OI Operating Instructions
,

' OL Overload
l OP Overpressure protection

OP(C) Overpressure protection (relief valves closed)
OP(O) Overpressure protection (relief valves open)

PA Pressure alarm
Pil Pipe break
PCIS Primary containment isolation system
PCS Power conversion system .

PCV Pressure control valve
i PG IREP Procedure Guide

PI Pressure indicator ,

PORV Power-operated relief valve
PRA Probabilistic risk assessment

i PS Pressure switch
PSCWT Pressure suppression chamber water transfer
PT Pressure transmitter,

I PWR Pressurized water reactor
.!

j Q(-) Unavailability of system in parentheses

j QA Quality assurance

' R Red
RilCCW Reactor building component cooling water
RilEDT Reactor building equipment drain tank
RCII Reactor coolant boundary
RCIC Reactor core isolation cooling

i RCS Reactor coolant system
RCW Raw cooling water

I RCWS Raw cooling water system
Recite Recirculation
RFP Reactor feed pump

*

RFPT Reactor feed pump turbine
;

RFWP T Reactor feedwater pump turbine
RilR Residual heat removal,

RilRSW Residual heat removal service water

'
xvi>

i
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RMOV Reactor motor-operated valve
RMS Remote manual switch
RPS Reactor protection system
RPT Recirculation pump trip
RS Reactor subcriticality; reactor shutdown; reactor scram

*
RV(C) Relief valve (closed)
RV(O) Relief valve (open)
RWCU Reactor water cleanup
RX Reactor-

S/D Shutdown
S/RV Safety relief valve
S/V Safety valve
SBCS Standby coolant supply
SBGT Standby gas treatment
SCI Short-term containment integrity
SD-BD Shutdown board
SDV Scram discharge volume
SIV Scram instrument volume
SJAE Steam jet air ejector
SLCS Standby liquid control system
SORY Stuck-open relief valve
SRM Source range monitor

.

TA Temperature alarm
TCV Turbine control valve
TD Time delay

* TDC Time delay contact
TDPU Time delay pickup
TE Temperature element
TIP Traversing in-core probe-

TMI Three Mile Island
TR Temperature recorder
Trans Transient
TS Technical Specifications; torque switch
TVA Tennessee Valley Authority

UV Undervoltage

V Volts
VH Vacuum breaker
VO Valve open
VS Vapor suppression
VSS Vapor suppression system
VWI Vessel water inventory

An insignificant quantity, generally less than 10-8e
.
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INTERIM RELIABILITY EVALUATION PROGRAM:
ANALYSIS OF THE BROWNS FERRY,

UNIT 1, NUCLEAR PLANT
.

MAIN REPORT
.

1. INTRODUCTION

Probabilistic risk assessment (PRA) techniques offer important analytical tools for the safety evaluation
of nuclear power plants. Application of such techniques to commercial nuclear plants has (a) provided
useful information on accident sequences, (b) identified many strengths and weaknesses in the design and
operation of the plants, (c) provided insights into the importance of accident contributors, and (d) pro-
vided rough estimates of the likelinood of serious accidents. Recent evidence tends to suggest that plant-to-
plant differences in design and operation may give rise to significant differences in both the likelihood and
the event-sequence of accidents. Therefore, the application of PRA techniques to many reactor plants
appears to be desirable.

The need for PRA application is reflected in the Three Mile Island Action Plan,I which identifies the
Interim Reliability Evaluation Program (IREP) as a high priority effort. The IREP is intended to apply
PRA techniques to several nuclear power plants and then to develop procedures for the consistent analysis
of other plants. The IREP has the following specific objectives:

I. Identify those accident sequences that are the principal risks to public health and safety.
.

2. Develop a foundation of information for subsequent, more intensive, application of PRA

,
techniques on the subject plants.

3. Expand the cadre of experienced practitioners of risk assessment methods within the NRC
and the nuclear power industry.

4. Develop procedures for codifying the use of these techniques to other domestic light water
reactor plants.

Pluse I of the IREP study was a reliability analysis of the Crystal River, Unit 3, facility.4 Using
methodological insights gained from the Crystal River study, the Phase 11 IREP studies were initiated in
September 1980 to analyze four plants:

1. Browns Ferry, Unit I (BFI), by a team from EG&G Idaho, Inc., and Energy
incorporated.

2. Arkansas Nuclear One, Unit 1, by a team from Sandia National Laboratories, Science
Applications, Inc. (SAI), and Arkansas Power and Light Company.

3. Cahert Cliffs, Unit 1, by a team from sal, Evaluation Associates, and NRC.

4. Millstone, Unit 1, by a team from sal, Northeast Utilities, and NRC.

The principal analysts responsible for conducting the Browns Ferry risk assessment were Steve Mays,
Walt Sullivan, John Poloski, and Jack Trainer of EG&G Idaho, Inc., Bob Bertucio and Tim Leahy of the
Seattle Office of Energy Incorporated, prosided analytical support to assist EG&G Idaho in the early

I

m



- _ .

phases of the study. Utility support from Tennessee Valley Authority (TVA) was coordinated by
Mark Linn with assistance from Terry Tyler, Henry Jones, and Tom Barkalow. Unlike other IREP teams
who had a full-time participant from the utility, the Browns Ferry team relied on telephone calls, mail, and
occasional meetings with TVA personnel for information exchange. The TVA support included documen-
tation of plant design, analyses beyond those found in the Final Safety Analysis Report (FSAR), and
verification of system operating characteristics. .

Responsibility for overall technical management of the study rested with Sandia National Laboratories.
Periodic reviews to assure the quality of the product were conducted by Sandia and NRC personnel not

,

involved directly with the work of any one team, with the assistance of Energy Incorporated.

This report is one of a series of four reporting the results of these Phase 11 studies. Separate reports will
be issued regarding procedures for conducting future analyses of the same scope and breadth as these four
studies, and detailing the technical and methodological insights and nuclear safety perspectives gained
from this activity.

The reader is cautioned that while it is our opinion that these studies represent the state-of-the-art within
their scope, they are incomplete. External events (earthquakes, fires, etc.) are not included, and the assign-
ment of accident sequences to release categories was performed in a subjective manner with limited plant-
specific calculations. Thus, this portion of the study relied heavily on analyses performed previously on
similar facilities. Other limitations are discussed in detail in Section 8.7. While accident sequence and
release category frequencies were quantified, they are of value primarily in comparative analyses, and the
absolute values determined should not be used without a clear appreciation of their inherent uncertainties.
The principal product obtained is the integrated engineering logic presented in the plant and system models
and the insights into plant features contributing significantly to risk-not the specific values computed for

! accident frequencies.

The main body of this report is essentially a condensation of the more detailed information supplied by ,

the three appendixes. A general discussion of the methodology used to conduct the risk assessment is pro-
vided in Section 2. Section 3 describes the general design of the plant including a brief discussion of the
systems that perform the functions to mitigate the effects of loss of coolant accidents (LOCAs) and tran-

~

.nent events at BFl. Section 4 defines the accident initiating events that were considered for BFI and how
their associated frequencies were estimated. Section 5 presents the event trees that display the functional
relationships between systems designed to respond to a potential accident initiator. Event trees were pro-
vided for the various LOCA and transient initiator groupings; a discussion of each is also given in
Section 5. A more detailed description of the various plant systems (and their associated support systems)
that affect the mitigation of a LOCA or transient is provided in Section 6. The assumptions that went into
the construction of fault tree models, as well as the insights gained from each of these models, is provided
for each system. The methodology for accomplishing the quantification of the accident sequences
displayed by the event tred is discussed briefly in Section 7. An example calculation for a representative
event tree sequenct is also given in this section. The selection of the final dominant accident sequences is
provided in the results, Section 8. Each of the dominant sequences is discussed on an individual basis.
More detail supporting each of the sections can be found in the appendixes. The appendixes are organized
as follows:

Appendix A-Event Trees. Applicable to Sections 2,3,4, and 5 of main report.'

Appendix B-System Descriptions and Fault Trees. Applicable to Sections 2,3, and 6 of the ,

main report.

! Appendix C-Sequence Quantification. Applicable to Sections 2, 5, 7, and 8 of the main
.

report.
,

| 2
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2. IREP METHODOLOGY

To provide guidance for the IREP analyses and to assist in consistency among the four IREP teams, pro-
cedures5 for conducting the analysis were developed. The four teams generally fellowed the same!

| approach. Even though these procedures had never been used in their entirety, and it was recognized that.

some flexibility in approach would be necessary.

2.1 Information Base-

The IREP analyses represent an integrated plant systems analysis. Detailed analyses were performed on
those systems required to respond to a variety of initiating events and on those systems supporting the
responding systems. The analysis included unavailabilities during test and maintenance activities, human
errors that could arise in restoring the systems to operability following test and maintenance and in
response to accident situations, and a thorough investigation of support system faults that could affect
operations of more than one front-line system.

To perform the analysis, considerable, and occasionally very detailed, information was obtained from
the plant. The sources of information used in the analysis are listed in Tr.ble 1.

Table 1. Information sources for IREP

Final Safety Analysis Report (FSAR)

System description and plant drawings*

Other analyses of the plant or a similar plant
.

Modified WASil-1400 (Reference 2) data base

EPRI NP-801 (Reference 7)

Licensee event reports for the plant and similar plants

System performance documentation

Electrical one-line drawings

Control and actuation circuitry drawings

Test and maintenance procedures

Emergency procedures

Plant logs*

NUREG/CR-1278 (Reference 8)

Plant visits

Discussions with and review by plant personnel

3

.
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6The final FSAR and plant system descriptions and drawings provided the basic inforuation base for
the analysis. This was supplemented by information contained in other studies of the plants (where
available).

To identify initiating events and initiating event frequencies, EPRI NP-801,7 was used as the basic
source. Additional insights were obtained through reviewing licensee event reports for the plant and for ,

plants of similar design. To identify the systems needed to respond to an accident and their success criteria,
the FSAR was used. In some instances, docaption from the plant or vendor was obtained suggesting
and supporting the use of less stringent success criteria.

.

To construct the fault tree models, detailed drawings were obtained, particularly for electrical systems
and control and actuation circuitry. Test, maintenance, and emergency procedures were reviewed to
identify potential human errors to be included in the plant models.

Data for quantifying the fault trees were a mixture of generic and plant-specific data. Basic hardware
failure rate data were obtained from a modified WASil-1400 data base ass embled by NRC personnel par-
ticipating in IREP. For particular components, plant-specific data obtained from plant logs were used.
Plant. specific test and maintenance frequencies obtained from plant logs were used in the analysis. Data
for human error rates were obtained from NUREO/CR-1278.8

In addition to the above documentation, the utility personnel participating in the study served as con-
tacts with the plant to obtain more information when needed. Each team visited their plant to view par-
ticular equipment and to discuss questions with plant personnel. The IREP team prepared periodic letter
reports that the utilities reviewed to ensure the accuracy of information.

2.2 Methodology

.

The IREP analyses consisted of eight tasks:

1. Plant familiarization.
,

2. Event tree construction.

3. Systems analysis.

4. Human reliability and procedural analysis.

5. Data base development.

6. Accident sequence evaluation.

7. Containment analysis.

8. Interpretation and analysis of results.

The relationships between these tasks are illustrated in Figure 1. Each is discussed briefly below.

2.2.1 Plant Familiarization. The initial task of the analysis was to become familiar with the plant. This
-

was done by identifying those functions that must be performed to present core melt or to mitigate its con-
sequences. Ily reviewing the FSAR and other documentation, the systems that perform these functions,
termed " front-line systems," were identified.

Initiating events for consideration in the analysis were determined from EPRI NP-801 and licensee event
reports. These were grouped such that all initiating esents requiring the same systems to respond were

4

|
1

, , - - _ - - - --



| r ;-

*

. f/ .j /
- ~; , .

_

. /
_

'
*- ,.

.
-.

-

_- ~ '
- '

-

9n s 3oi 1ss 6
italyl 1t

t a u 2 .
._ e snr e Lpa r E

_ r
i

a , , Nf ,e
Inot

_

Ina , - .

s.
*

e ~
,

* i, r

" - .. i"
,. ~t

n
e s 'mis r

-

ny e
iaa -

l

- c
.

t n s.
-

-n a m
{o f< 'C _*

'

,
. -

, "a .
.,-

. ,

W
* t

.
, i

- ~
. -

'

y
g

t o
t e n n l *

enco e e o L
i sent am d . a

oe_ d ea l bp h f'biuu i

" .alc o tei 7qlac e t eAs v av me D e

P / ,-
,j- d

. * I s

. R .
I ,'' u < i

,

a '

. .
1.
e, _ r

' u
- ~ J fi;

iF
g

p

;/
'

n
o l

d
nla ait ss I

n r istne c mis ayus
| ee u ey

l

d yt

E s s 'a
l mielr

v r t t i

ub c
t i a

Ha o nn yn
r ao Sa i pc le,

r

_ |
r
*

a
'

,

.

r
-

n < /
o
ita

'

. t

niz ,

lar 'a
Pi l

i

m
- a
- f

. ,

J'

.

, .
_

_.
- .

, - ,

.

-

u a

1

-

.,

4 1 1 ]1! !- | * +



4- ._

4-

.

.

5t h
r ; s

' ' '

H ' placed in th'e same group. LOCAs were generally grouped into three or four groups. This grouping was by
9 size of LOCA since mitigating requirements generally depend on the size of the break. Transients fellinto4

,

| three to six groups. The grouping often reflected equipment lost as a result of the initiating event.
'

~
.

4For each initiating event grouping, the criteria for successful system operation to mitigate the accident
,were determined. This information was usually found in the FSAR. Utility and vendor calculations ,

sometimes indicated that the FSAR criteria were too conservative. Where appropriate documentation
existed, the IREP teams used the more realistic criterion.

*

A final task during plant familiarization was to identify system dependencies. Systems that support the
front.lae systems were identified; dependencies among various support systems were also noted.

,

Upon completion of plant familiarization, the following information was available:
c

j l. The recessary functions to prevent core melt or to mitigate its consequence.'

k 2. The systems that perform these functions (i.e., front-line systems).-

\ ' 3. The initiating events included in the analysis and grouped according to mitigating
; requirements.

4. The systems required to respond to each initiating event group and the criteria for system
success.

5. Dependencies between front-line and support systems and among support systems.s

Completion of this task set the groundwork for construction of the models used in the study. The'

systems to be analyzed were identified, and the number of and headings for event trees were defined. .

2.2.2 Event Tree Construction. The accident sequences to be analyzed in IREP were delineated by
event trees. Functional event trees were constructed to clarify functional dependencies. From these and

*

information developed in the plant familiarization activity, systemic event trees were constructed.
Sequences delineated on the systemic trees were analyzed in the study.

Separate systemic event trees were constructed for each initiating event group. Each event tree has a dif-
ferent structne since the initiating events were grouped according to mitigating requirements. Different
ndtigating requirements result in different tree structure. Headings for the event trees correspond to the
systems responding to the initiating event. Only front-line systems appear on the trees. System dependen-
cies and dependencies arising from phenomenological aspects of the accident are reflected in the tree
structure.

2.2.3 Systems Analysis. Fault tree models were constructed for each front-line system. Support system
fault trees were constructed to further model the particular interfaces with the front-line systems. The fault
tree modeling approach used in this analysis is discussed in Section 6. Top events for the front-line system
fault trees correspond to the success criteria defined in the plant familiarization task. The fault trees were
developed to the component level. Component faults that affected only the particular component were

i grouped as " local faults." Faults that could affect multiple components, generally those faults associated
with support systems, were further developed. The level of detailin the fault trees generally corresponds to1 ,

the detail of available data.

In addition to hardware faults, the fault trees include unavailability due to test and maintenance, human
errors associated with failing to restore components to their operable state following test and maintenance,

'

and human errors associated with accident responses. Human reliability analysis is discussed in the next
section.

t
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The detailed development contained in the system fault trees facilitated identification of hardware, test
and maintenance, and human error faults that could cause multiple component failures. These three
classes of common mode failures were explicitly modeled in the fault trees. Other potential common mode
failures, such as environmental conditions or manufacturing defects, were not considered in the study.

2.2.4 Human Reliab|lity and Procedural Analysis. Test, maintenance, and emergency procedures,

i were reviewed to determine potential human errors. Human errors associated with failing to restore the
i system to its operable state following test and maintenance were included explicitly in the fault trees.
; Potential operator errors in response to an accident were included in a limited way. The emergency pro-,

cedures expected to be used in response to each accident sequence ' vere reviewed to identify actions
i expected to be performed. Incorrect performance or omission of the actions were postulated and included

in the model. The investigation, however, was limited to those actions expected to be performed, rather
than postulating all actions an operator might take.

i

; 2.2.5 Data Base Development. A modified WASH-1400 data base was used for quantification of
j hardware faults. In some instances, plant-specific data were used instead. Test and maintenance intervals

| and durations were obtained, where possible, from discussions with plant personnel and from reviewing
plant logs. Estimated upper values were chosen for human error rates for initial calculations. For those

i human errors that appeared in potentially dominant accident sequences, detailed analyses were performed
| with the assistance of human-factors specialists. This approach to human error quantification permitted

more efficient use of limited human-factors expertise.
(

2.2.6 Accident Sequence Evaluation. For each accident sequence, an initial frequency was calculated.
This was performed by logically combining the initiating event and the system successes and failures to
develop combinations of failures that could result in the accident sequence. Frequencies assigned to the
initiating events and probabilities assigned to each failure were combined to produce a frequency for each

| sequence.
.

The evaluation process was an iterative one. Initial calculations used generic data and upper bound
; human error rates. From these initial calculations, a collection of potentially dominant accident sequences

was chosen. These were chosen based on a certain frequency below which none of the sequences were
,

expected to contribute significantly.

"

The potentially dominant sequences were examined more closely to ensure that the probabilities chosen i

were as accurate as they could be and to develop better human error rate estimates. The potential for.

recovery actions that would terminate the sequence was evaluated in a gross manner. More refined
'

calculations resulted in a list of domirant accident sequences.

, 2.2.7 Containment Analysis. Each potential dominant accident sequence was evaluated by Battelle-

) Columbus Laboratories to determine the expected mechanism of containment failure and the associated

] probability of failure, and to characterize the potential radioactive release. This analysis was quite limited
~

in nature, relying primarily on insights developed from similar analyses in the past, but was supplemented
by further calculations where necessary.

,

2.2.8 Interpretation and Analysis of Results. The dominant accident sequences in terms of risk (the
i highest probability sequences in the most severe release categories) were examined to develop engineering
j insights from the analysis. Those plant features contributing most significantly to risk were identified;

these results constitute the principal results of the study. Limited uncertainty and sensitivity analyses were
', ,

performed to ascertain a rough estimate of uncertainty in results and to identify those assumptions which,
if changed, could significantly alter the results.

.

I

i

i

j

i
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3. PLANT DESIGN

3.1 General

BFI is a General Electric designed boiling water reactor (BWR) of the BWR-4 product line, with a ,

Mark I (drywell and torus) containment. The TVA owns and operates the unit, which is located with two
essentially identical units along the Tennessee River near Decatur, Alabama. Unit i began operating in
August 1974 and has a rated power of 3293 MW thermal (1100 MW electric). The primary differences in ,

the reactor systems of this plant compared with earlier BWR plant designs include:

1. Variable speed recirculation pumps that discharge into jet pumps arranged around the
periphery of the reactor vessel.

2. An integrated core standby cooling system (CSCS) including high pressure coolant injec-
tion (IIPCI), low pressure core spray, automatic depressurization (ADS), and residual
heat removal (RHR) systems.

3. An integrated RHR system providing low pressure coolant injection (LPCI), shutdown
cooling, and containment cooling modes of operation.

4. A reactor core isolation cooling (RCIC) system instead of an isolation condenser for
mitigating transients where the reactor is isolated from the main condenser.

5. LPCI loop selection logic has been disabled and the LPCI discharge header cross-connect
valve closed.

The containment design features include: ,

I. A drywell enclosing the reactor coolaat system.

*

2. A wetwd!(or torus) connected to the drywell and designed to provide energy suppression
in the event of a LOCA and to provide a source of water for injection into the reactor.

3. A reactor building surrounding the drywell and torus that houses the CSCS and provides a
second barrier between the reactor and the plant environment.

Figure 2 provides a simplified diagram of the safety-related design features.

3.2 Accident Mitigation Functions

The plant functions necessary to prevent core melt and mitigate radiological consequences of accidents
fall into two groups. One group is the functions necessary to mitigate a loss of coolant accident (LOCA)
while the other group is the functions necessary to mitigate a transient. The following sections generally
describe the functions and the systems that perform these functions. More detailed function and system
descriptions will be found in Sections 4 and 6, respectiv:ly.

'

3.2.1 LOCA Mitigators. There are four functions required to mitigate the effects of a LOCA. These are
reactor subcriticality, short-term containment integrity (SCI), emergency coolant injection (ECl), and
decay heat removal (DHR).

Reactor suberiticality is necessary to stop the fission chain reaction so that the heat generated in the core
is reduced. This action limits the thermodynamic anditions that the remaining functions must mitigate.
The control rod drive (CRD) system performs this function.

8
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SCI is necessary to ensure that any radioactivity released from the reactor coolant system boundary is
not allowed to escape into the atmosphere. This is accomplished by ensuring that the pressure rise in the
containment is limited to less than the containment design pressure. The vapor suppression system
performs this function.

,

ECl ensures that the water lost from the reactor due to the LOCA is replaced. This action keeps the core .

covered and provides heat transfer from the fuel rods to prevent melting. The HPCI system provides high
pressure injection while the core spray and LPCI systems provide low pressure injection. The ADS
depressurizes the reactor so that the low pressure systems can operate. ,

DilR is the method by which heat from fission product decay is removed from the reactor to the
,

ultimate heat sink, the Tennessee River. The RHR system provides this function in either shutdown cooling
or torus cooling modes.

.

3.2.2 Transient Mitigators. There are four functions required to mitigate the effects of a transient. For
purposes of this analysis, a transient is any event that challenges the reactor protection system (RPS) to
initiate a reactor scram. The transient mitigating functions are reactor suberiticality, overpressure
protection, vessel water inventory (VWI), and DHR.

The reactor suberiticality function for transient initiators is identical to that for LOCA initiators, except
that successful reactor subcriticality can also be achieved if the power conversion system (PCS) remains

,

available following the initiator and both recirculation pumps trip. It is recognized that in this latter case
the reactor is not actually suberitical. However, the resulting power level after successful recirculation
pump trip is such that the capacity of the PCS is adequate to remove the heat being generated. In this case,
as long as the PCS is available, the core will be cooled. If PCS becomes unavailable, it is assumed the core
will melt.

The overpressure protection function is required to ensure two actions. First, the relief valves must open ,

to maintain reactor pressure below the emergency stress limits. Otherwise, some part of the reactor coolant
boundary may rupture. Second, all the relief valves involved in this pressure limiting action must reclose
after pressure falls below the relief valve setpoint to prevent an uncontrolled release of reactor coolant ,

inventog.

The VWI function is analogous to the EC1 function for LOCA initiators. The HPCI or RCIC system
can provide high pressure coolant injection. For some transients, the PCS can also provide both the VWI

i and DHR functions. If the PCS is not available, isolation of the main condenser from the reactor vessel
with the main steam isolation vahes is necessary for successful VW1. Manual depressurization of the reac-
tor vessel using the relief valves permits any of the low pressure systems, [i.e., core spray, LPCI, conden-
sate system, or standby coolant supply (SBCS) system] to provide injection.

The DHR function for transients is the same as that described previously for LOCAs except for the case
when PCS can provide long-term decay heat removal.

.

!

! 3.3 Front-Line and Support Systems

Front-line systems are those that directly perform the functions for mitigating the effects of a LOCA or
transients. Support systems are those systems that effect LOCA cr transient mitigation by way of their ,

effect on the front-line systems. Table 2 lists the front-line systems for each mitigating function mentioned
in Section 3.2. Table 3 lists both the front-line and support systems and their interdependencies.

.
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Table 2. Front-line systems for LOCA and transient functions
.

LOCA Transient
Functions Systems Functions Systems

RSa CRDHS RSa CRDHS, RPT

| SCI VSb ope Relief valves

ECl liigh pressure systems: VWI Main steam isolation:
HPCI MSIVs

Low pressure systems: High pressure systems:
ADS HPCI
CSd RCIC
LPCI PCS

Low pressure systems:
DliR RIIR Manual depressurization

'

CSa.

LPCI
Condensate

i SBCS.

DHR RHR, PCS

| a. RS = reactor suberiticality

b. VS = vapor suppression

c. OP = overpressure protection

d. CS = core spray.

.

,
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Table 3. Front-line systems versus support systems

Support Systems

Keep-
Front-Line AC DC Circulation Full
Systems Pow er Pow er EACb EECW RilRSW RCW Water RPS System Operatora

RCIC - X - - - - - - - -

RilR (shutdown cooling) X X X X X X - - X EOI-74

RilR (LPCI) X X - - - - - - X -

RilR (torus cooling) X X X X X X - - X EOl-74

RPT - X - - - - - X - -

IIPCI - X - - - - - - - -

G ADS - X - - - - - - - -

Core spray X X - - - - - - X -

SilCS X X - - X - - - - EOI-74

PCS X X - - - X X - - EOI-1,2,3,

CRD X X - - - - - X - EOI-85

Relief valves - X - - - - - - - -

Vapor suppression - - - - - - - - - -

NISI X X - - - - - - - -

a. The front-line systems are given a one-letter name on the systemic event trees (see Table A-12).

b. Equipment area cooling.

. . . . .
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4. INITIATING EVENTS

4.1 Introduction

Accident-sequence definition is one of the major steps of a risk assessment. It consists of defining a list.

of potential accident-initiating events and developing event trees to define the accident sequences that
could result from these initiating events. Event tree development is discussed in Section 5 of this report.

.

4.2 Identification of Potential Core-Related initiating Events

As a starting point for the risk assessment, potential initiating events that could lead to the release of
significant amounts of radioactivity to the environment had to be identified. The initiating event list
developed here is for core-related accidents with the plant at or near full power. Significant fuel pin
damage can only take place if, as the result of greatly increased fuel temperatures, the fuel melts (or at least
the cladding melts, which could, in turn, cause the fuel to collapse).

In order for the fuel or cladding to melt, an imbalance must occur between the heat generated in the core
and the heat removed from the core. Thus, potential accidents that could not cause this imbalance are
excluded from consideration of being core.related risks. There are two ways of creating a heat imbalance in
the fuel: inadequate heat removal for the designed amount of heat generated (either at power or s.fter
shutdown) or excessive power generation due to failure to scram.

4.2.1 Inadequate Heat Removal. Heat removal during normal power operation is accomplished by the
PCS, w hich consists primarily of the main steam, condensate, and feedwater systems. For inadequate heat
removal to occur during power operation, this normal heat flow system must be disrupted by transients or

. I.OCAs that disable the PCS, or by LOCAs that result in loss of reactor vessel coolant inventory. Tran-
sients can cause the PCS to be unavailable either directly by failing PCS systems or indirectly by isolation
of the main condenser from the reactor by events that result in closure of the main steam isolation valves
(MSIVs). Similarly, LOCAs cause the MSIVs to close upon low reactor vessellevel.

fleat removal during shutdown (i.e., decay heat removal) can be accomplished by the normal heat flow
system (i.e., by PCS) if available or by the RHR system. Inadequate decay heat removal would occur if
both of these heat flow systems were disabled.

4.2.2 Failure to Scram. The second possible means of creating a heat imbalance in the fuelis for the
reactor power to be greater than the capacity to remove heat. The transient initiators used in this analysis
are defined as malfunctions or failures in the mechanical / electrical systems that result in a demand for trip
of the control rods (scram) and removal of heat from the reactor core. Actions such as scrams as part of a
planned shutdown or transients that do not result in a challenge to the reactor RPS to initiate a scram were
not considered.

The transient and accident mitigating systems are designed to operate only with the reactor suberitical
(i.e., with the reactor only producing decay heat). Only the PCS system is capable of removing significant
heat from the reactor while maintaining reactor water level. Therefore, for all initiators where the PCS
system is unavailable and the reactor is not made suberitical, it was assumed that the mitigating systems
will noe 'able to keep the core covered and core damage will occur. For those initiators where the PCS is

,

not disabled by the transient and insufficient rods do insert, the PCS can still remove the reactor heat and
maintain water level prosided recirculation pump trip (RPT) is successful. RPT is necessary to ensure that
the resultant power level is within the capacity of the bypass valves to relieve steam to the condenser.

4.2.3 Initiating Event List. As discussed above, three major initiating event categories were
defined: (a) LOCAs, (b) transients that disable PCS, and (c) transients that do not affect PCS.

13



LocA in/rietors-Initially, breaches of the reactor coolant boundary that lead to LOCAs inside and out-
side of containment were considered, liowever, it was determined that a rupture in an interfacing system
that results in a LOCA outside primary containment always requires at least two valve failures. The
probability of such an occurrence coupled with the probability of the rupture and subsequent emergency
core cooling system (ECCS) failure is several orders of magnitude less than for ruptures inside contain-
ment. The rationale for exclusion of interfacing system LOCAs is provided in Section 5. Therefore only

,

breaks inside the primary containment were considered for this analysis.

Break size ranges were developed based on system mitigation requirements. The ranges of break sizes for
steam and liquid breaks were defined from the CSCS performance capability bar chart, Figure 6.3-1 of the

~

Browns Ferry FSAR. This figure is shown as Figure 3. In general, the CSCS that are required for the
various break ranges are indicated; specific CSCS performance is delineated in Table 4. The frequencies of
pipe rupture as an initiating event for these various LOCA sizes are listed in Table 5.
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Figure 3. Core standby cooling systems performance capability bar chart.
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'Table 4. LOCA mitigation success criteria

Reactor Short-Term Decay Heat
Subcntwahry Containment integnty Emergency Coolant injection Removal

2Large Break-Liquid Line-0.3 to 4.3 ft -Suction

No more than 30 rods Adequate suppression Two core spray loops and two of Two of four RHR pumps
scattered throughout pool level and no four LPCI pumps with associated heat*

the core not fully bypass leakage from eschangers in torus
inwrted drywell to netwell or cooling mode

or Four of four LPCI pumps or

No more than five or One of four RiiR pumps
adjacent rods not with associated heu
fully inwrted One of two core spray loops exchangers in shutdown

and two of four L PCI pumps cooling mode
tone L PCI pump per injection
loop)

2t arge Break-Liquid Line-0,3 to 4.3 ft -Discharge

No more than 30 rods Adequate supprewion Two core spray loops Two of four RilR pumps
wattered throughout pool lesel and no with associated heat
the core not fully b> paw leakage from or exchangers in torus
inwrted drymell to netwell cooling mode

One of two core spray loops
or and one of two LPCI pumps on or

unaffected side
No more than fise One of four RHR pumps

*

adjacent rods not with associated heat
fully mwrted exchangers in shutdown

cooling mode

2- Large Break-Steam Line-l.4 to 4.1 ft

No more than to rods Adequate supprewion Two core spray loers Two of four RilR pumps
wattered throughout poollesci and no with associated heat
the core not fully b> paw leakage from or ewhangers in torus
mwrted drymell to metmell coolmg mode

i^our of four LPCI pumps
or or

or
No more than fisc One of four RilR pumps

[

I adjacent rods not One of two core spray loops with awociated heat

( fully mwrtcJ and one of four ! PCI pumps ewhangers in shutdown
coolmg mode

__ _ ._.

2
_ _ _ _ _ _

Intermediate Break-l sqmd I.ine-0.12 to 0.3 ft

No more than 30 rNs AJequare suppreuion One of one llPCI pump Two of four RitR pumps
wattered throughout pool les el and no with awociated heat
the sore not f ulh hpaa leakage from or eschangers in torus

inserted dr>well to metwell coohng mode
Iour of sn Alh rehef sabes

* or or
and

No more than fne One of four RilR pumps
,

I aJiacent rods not One of four L pCl pumps with associated heat
- fulls msetted eschangers in shutdown

or coohng mode

One of two core spray hops
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Table 4. (continued)

Reactor Short-Term Decay Heat

Suberaticahey Contamment integrity Emergency Coolant Injection Removal

.

2Intermediate Break-Steam Line-0.12 to 1.4 ft

No more than M rods Adequate suppreuion One of one llPCI pump Two of four RHR pumps
scattered throughout pool level and no with associated heat

the core not fully bypass leakage from or exchangers in torus

mwrtel drywell to wetwell cooling mode
One of four LPCI pumps

or or
or

No more than fise One of four RilR pumps
adjacent rods not One of two core spray loops with associated heat

fully mwried exchangers in shutdown
cooling mode

2
Small Break-Liquid or Steam-Upjo 0.12 ft

No more than M rmis Adequare suppression One of one llPCI pump Two of four RilR pumps
wattered throughout poollesel and no with associated heat

the core not fully bypass leakage from or exchangers m torus

m wrted drywell to met *cil cooling mode
iour of six ADS relief salves

or and one of four LPCI pumps or

No more than Inc or One of four RilR pumps

adiacent rods not with associated heat

fully mwrted Iour of sis ADS rehef salves exchangers in shutdown
and one of two core spray loops coohng mode

.

__

.

Table 5. LOCA pipe rupture frequencies

Frequency
Type Size Location (per reactor-Year)

Liquid Large Suction side 9.9 x 10-6
Discharge side 3.9 x 10-5

Steam Large - 5.2 x 10-5

Liquid Intermediate - 9.0 x 10-5

Steam Intermediate - 2.1 x 104

I iquid or steam Small - 1.0 x 10-3
.

e
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Initirting event frequencies for the various liquid and steam LOCA break sizes were generally derived by
multiplying the probability for a given break size times the relative frequency the break occurs in a specific
portion of that size piping. One basic assumption was that, within a given break range category, (e.g.,
intermediate piping,2 to 6 in.), the rupture was equally likely to occur in any of the piping, whether it be
for liquids or steam. The probability for a given break size was taken from Table til 6-9 of WASH-1400.
The BFI plant piping isometrics for the systems that comprise the primary pressure boundary were*

examined to determine the relative probability the break occurs in a specific portion of the piping. Sec-
tion 2.1 of Appendix A provides an example calculation for LOCA initiator frequency.

.

Transient-induced LOCAs were treated as a special category of LOCA initiators. Failure of a sufficient
number of safety relief valves to open following a transient initiating event was assumed to result in a
primary system pressure boundary rupture. Failure of these valves to reclose after opening or failure of
isolation valves in the main steam lines to close (when PCS is not available) will also result in a LOCA
initiator. As discussed in Section 3 of Appendix A, both failure of a sufficient number of safety relief
valves to open and failure of the MSIVs to close were determined to be insignificant compared to other
LOCA initiator frequencies. However, the LOCA initiator due to a stuck-open-relief-valve (SORV)is the
most likely of all LOCA initiators and is similar to an intermediate steam-break. Section 3 of Appendix A
addresses these particular LOCA initiators.

These initiating event designators and their associated frequencies are shown in Table C-10 of
Appendix C.

Transient initietors-The initial set of transient initiators identified for this analysis were those listed in
EPRI NP-801. Table A-5 of Appendix A defines this list of transient initiators. Section 14, " Plant Safety
Analysis," of the Browns Ferry FSAR indicated those transients that result in thermal-hydraulic, flux,
pressure, or similar reactor parameters to challenge the RPS to initiate a scram.

The Licensee Event Reports (LERs)9 submitted by Browns Ferry were examined to determine if there.

existed events not identified in EPRI NP-801. No other additional events were identified from this set of
LERs. Each of the transient initiators were further examined along with various electric power bus and
cooling water system failures to identify transient initiators effects on front-line system availability. This.

analysis is described in Section 4.3.2. The set of transient initiators were then examined and grouped
according to common mitigating requirements. Only the availability of the PCS varied and, hence,
initiating events were grouped according to their effect on PCS availability. Seven of the 37 EPRI NP-801
events were classified as transient initiators that resulted in PCS being unavailable for mitigation of the
transient.

Of the remaining 30 events,8 were identified as having no effect on PCS availability and 22 were con-
sidered not applicable for this study. Reasons for exclusion of these events are briefly summarized in
Table A-6 of Appendix A.

One final consideration to the transient event was given in the case of the loss of offsite power (LOSP)
event. This LOSP event was originally grouped as a PCS unavailable transient initiator. However, due to
the dependency of other mitigation systems on this event, this particular event was treated separately in the
transient event tree analysis.

The frequency of the transient initiators was estimated using the techniques discussed in EPRI NP-801.
An example of these methods is illustrated in Section 2 of Appendix A. Table 6 lists the frequency of these.

transient initiators. The transient frequencies were estimated using two methods. The first method used
strictly the plant-specific data found in EPRI NP-801. The second method was to obtain all pertinent BWR

,
experience from EPRI NP-801 and to calculate the frequency based on the BWR data set. For this
analysis, the plant-specific data were used in the transient event tree quantification.

The transient mitigation success criteria are given in Table 7.
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Table 6. Tra.nsient initiator groupings and frequencies

Frequencies
(events / year)

.

BFI BWRs

~

Group 1-Transients that cause PCS to be unavailable

a. MSIV closure 0.58 0.24
b. Loss of normal condenser vacuum 0.56 0.41
c. Pressure regulator fails open 0. 0.25
d. Loss of feedwater flow 0.51 0.17
c. Loss of offsite power 0.03 0.11
f. Loss of auxiliary power O. 0.03
g. Increased feedwater flow at power 0.05 0.18

Totals 1.73 1.39

Group 2-Transients that do not cause PCS to be unavailable

a. Electric load rejection 1.02 0.74
b. Electric load rejection with bypass failure 0. O.

c. Turbine trip 0.58 0.77
d. Turbine trip with bypass failure 0. O.

e. Inadvertent closure of one MSIV 0. 0.10 .

f. Pressure regulator fails closed O. 0.11
g. Bypass / control valve fails causing pressure increase 0.05 0.25
h. Recirculation control fails causing increased flow 0.03 0.10 ,

Totals 1.68 2.07

4.3 initiating Event / Mitigating System Dependencies

In addition to identifying the initiating events, it is important to determine what effect the initiator may
have on those systems designed to respond to the accident. In some cases, the initiating event may originate
in a mitigating system. The resulting accident sequence could be significant since the normal level of
redundancy in mitigating systems has been degraded.

The following sections discuss the LOCA and transient initiator effects on mitigating systems.

4.3.1 LOCA initiator Effects on Mitigating Systems. Some of the LOCA initiators have the potential
to render LOCA mitigation systems partially or completely inoperable. For example, a break on the .

discharge piping of a recirculation loop renders one loop of LPCI inoperable. To account for this possibil-
ity in the sequence calculations, the following procedure was used.

! If a LOCA initiator could disable a mitigating system, the lent,th of piping for the mitige. ting system
susceptible to that LOCA was calculated using l'VA supplied isometric drawings. Then, the totallength of
piping susceptible to that initiator was calculated. Table 8 provides a list of the systems and the percentage
of their piping susceptible to a particular I.OCA initiator. It was assumed that for a particular break size,

18
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Table 7. Transient mitigation success criteria

Reactor Shutdown (herpressure Protection b eswl H ater Insentory DHR

Anticipa'ed
T ra rwient (kD RPf OPtOi gp,p)b PS MSI HPCI DE P INJ RHR

a

oT ranuents No more flot h N4 All rehef Cosidenwr MSIVs shut HPCI Manual One 1 PCI Too RHR pumps
where PCS e than 30 resircu!ation s ahes asailable operation of pump araJ two heat

Damadabk rods f a.1 pump stop rec hwe' or or at least four ewhangers en
to .nsert and rehef sahes or torus conding

Turhine RCIC nwste
dor Feed svstem sahes and One core

prosiding bypass sattes spray loop or
No more makeup shut
than fase et One RHR pump
aJiasent and one heat
rods fail One bseter enchanger in
to mwrt and ame shutdown

condensate coceing muste
pump

or

One RHRW
pump m
SBCS msxte

-

4 Tranuents No more Direct scram All rehef h4 MSIVs shus HPCI Manual One LPCI Two RHR pumps
where PLS n than 10 2 of I) sahes sahes operation of pump and two heat
unasaalable rods fait rechwe or or at least four ewhangers in

to mwrt f lux wtam rehef salses or torus coolsng
7 of 11 sanes Turbme RCIC mode

or sahes and One core
Preuure scram bypass sahes spray loop or

No more 10 of |} *ahes shut
than fase or One RHR pump
ad acent and one heatl

rods f el One boosier ewhanov in
to inwer and one shutdoen

condensaw coohng snade
pump'

or

One RHRSW
pump in
SBCS mode

a Rehef sabes open OPtO) and reskwe OPtC).

b If both recirculation pumps trip and PCS remains asadable. the resulties power level es such that the capacity of the bypass sattes is adequate to remost the heat bems generated.

c. I sen though rehef sahe acium is not required some rehef salses mill open.

d. M$1 only nesewery if M3 f ash.

e Although K3 as unasaalable, the condensate system may still be operable.
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Table 8. LOCA initiator effects on mitigating systems

Piping Susceptible to LOCA
'

LOCA Type Mitigating Systems Lost (%) Remarks

Large break on discharge One LPCI loop and one shutdown cooling NA Both are lost due to break location
of recirculation loops discharge path

Large break on suction All of shutdown cooling 55 (suction of recirculation Suction for both shutdown cooling
of recirculation loops or Loop A) loops comes from recirculation

,

None 45 (suction of recirculation Loop A
Loop B)

Large steam None - -

,

;

; Intermediate steam IIPCI 23.2 (11PCI) Majority of piping susceptible to
or LOCA does not affect mitigating'

One core spray loop 3.8 (core spray) systems
or

'd None 73.0 (other piping)

Intermediate liquid One LPCI loop and one shutdown cooling 78.2 (discharge of Loop A or _

discharge path B)
or
All shutdown cooling 11.2 (suction of recirculation
or Loop A)
None 10.6 (suction of recirculation

Loop B)

Small liquid or steam IIPCI 16.3 (IIPCI) Assumes small break can occur in
or larger piping and renders mitigating

Steam One core spray loop 1.3 (core spray) systems unavailable as in large break
;

; or cases

Liquid One LPCI loop and one shutdown cooling 23.3 (recirculation di.wharge)
discharge path,

or
Steam and liquid All shutdown cooling 3.4 (suction or recirculation

j
or Loop A)
None 55.7 (other piping)

.

1
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the LOCA was equally likely to occur at any point on the piping susceptible to the LOCA. The
unavailability of the mitigating systems was calculated considering the effect of the initiator. Therefore,
the sequence frequency is the sum of two terms. The first term is the product of the probability of a break I

occurring in a location that affects the mitigating systems and the unavailabilities of those systems. The
second term is the product of the probability of the break occurring in a location that does not affect the

*

mitigating systems and the unavailability of those systems under that condition. Section 2.3.4 of
Appendix C provides an example of this method.

4.3.2 Transient initiator Effects on Mitigating Systems*

/nrroduct/on-Transient initiators are identified in Section 4.2 and are grouped according to their effect
on the PCS availability. However, it was necessary to examine these events further in order to determine if
these could originate in mitigating systems or affect front-line systems other than the PCS.

Prm edure-The goal of the transient initiator analysis was to identify those plant failures at a component
or system level that could impact mitigating systems availability. The identification of transient initiator
effects was done by a three part process as described below:

Task 1. Consequence Evaluation of ElectricalFailures-Failure of each plant electrical bus was
postulated. Equipment powered by the bus was tracked and the effect ofits failure on the plant
was identified.

Task 2. Consequence Evaluation of Cooling System Failures-Failure of each cooling system
was postulated. Loads cooled by the system were tracked and the effect of their loss on the
plant was identified.

Task 3. Causal Analysis of Transient Categories-Causal-type failure analysis was performed
*

on the 15 transient categories. The BFI study identified 15 transient initiator categories. These
were selected from EPRI NP-801. The causal analysis is similar to fault tree analysis in that
esents that can lead to occurrence of some undesired initiating event category are logically
depicted.'

conclusions-The ultimate purpose of this effort was to identify possible dependencies in the core damage
sequences not readily apparent from prior analysis. The results of Tasks 1 and 2 above are presented in
tabular form in Tables A-7 to A-10 of Appendix A; Task 3 results are represented by causal failure

j diagrams in Figures A-1 to A-7 of Appendix A. A discussion of these results can be found in Section 2 of
Appendix A. From these tables and charts the following conclusions can be drawn:

1. The only significant power failure that results in a scram and causes loss of a front-line
system (i.e., the PCS) is a LOSP event.

2. Equipment cooling system failures were not considered to be significant transient
initiators because of the allowable time for the operator to recover, e.g., to initiate
alternate cooling systems.

3. The events in front-line or support systems that can initiate a transient categ >ry do not
degrade the ability of the plant to respond to the accident. As can be seen by Figures A-1

' to A-7 of Appendix A, the only initiating event failures identified that originate in
mitigating systems were double failures in the electrical power system (EPS), e.g., failures
in 250 V DC powered instrumentation and control (I&C) buses or 120 V AC RPS buses.

! 4. Failure of IIPCI and RCIC upon loss of 250 V I)C nonclass IE power is possible but
relatively improbable.

j

!

i
,
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5. ACCIDENT SEQUENCE DELINEATION

5.1 Introduction

In general, the initiators listed previously in Tables 5 and 6 for LOCAs and transients, respectively, .

alone do not lead directly to fuel damage and release of radioactivity to the environment, but must be com-
bined with other system failures. Event trees are used to display the functional relationships between
systems designed to respond to a potential accident initiator. ,

5.2 LOCA Functional Event Trees

The LOCA functio'nal event trees are shown in Figures 4 and 5. The purpose of these trees is to show the
functions necessary to successfully terminate a LOCA sequence at BFl. A LOCA outside of the contain-
ment requires different functions for accident mitigation than the functions required for a break inside
containment. This distinction made it necessary to construct two separate functional event trees for this
plant.

5.2.1 LOCA Functional Event Tree-Breaks inside Containment. If a LOCA occurs inside the
primary containment boundary, there are three basic functions required for accident mitigation. These
functions are successful reactor shutdown, containment integrity, and core cooling. For this plant, it is
necessary to consider core cooling during two different phases of the accident. These phases are the
immediate core protection or coolant injection /reflood phase of the accident and the long-term protection
or decay heat removal phase of the accident. Consequently, core cooling is considered in two different
places on the functional event tree. This, in effect, gives a total of four functions to be considered on the
functional event tree for breaks inside containment. These functions together with the initiating event are
depicted as event tree headings on the functional event tree shown in Figure 4. .

runction oescriptions-In the following paragraphs, each function and its relationship to other functions
will be described. The LOCA, or pipe break, is the initiating event for the accident sequences depicted in ,

the functional event tree.

ReactorSuberificality-If a LOCA inside the containment takes place, it is necessary to immediately stop
significant power or heat generation due to the sustained fission process within the teamr. This is
accomplished by rapid insertion of the control rods into the core. This is the purpose of the reactor sub-
criticality function. It was assumed that w hen reactor suberiticality is unsuccessful, the accident-mitigating
functions will not successfully cool the core, the core will melt and, as a result, the containment will be
breached and radioactivity will be released to the plant environment.

Upon successful completion of reactor shutdown, it immediately becomes necessary to confine the
coolant imentory lost from the break to iac inside of the primary containment boundary and to replace the
coolant inventory that has been and is being lost out of the break.

short-rerrn containment integrity-Successful containment of the coolant inventory lost from the break
will prevent radioactive products contained or entrained in the coolant from being released into the
environment. Ilowever, since BWRs characteristically contain large volumes of hot coolant, the release of
this coolant into the containment atmosphere will rapidly pressurize the containment. If this pressurization ,

is not reduced or limited by some overpressure protection system, it is assumed that the containment will
rapidly overpressurize and rupture. The purpose of the SCI function is to provide this immediate contain-
ment protection during the coolant injection phase of the LOCA. ,

Functioning of the SCI has a direct side benefit. The physical scrubbing of the coolant by the torus water
while the coolant is being forced through the torus water results in some of the radioactive particulates
entrained in the coolant being transferred to the torus water. This, in effect, removes radioactivity from

22
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PB RS SCI ECf DHR

Short-term Emergency Decay
LOCA Containment Coolant HeatSubcr t cality integrity injection Removal

X = Function failure

Sequence R C C Remarks
Number S I I R

1 Core cooled

2 X Slow melt
i

3 X N/A Melt

y 4 X Core cooled

5 X X Slow melt

6 X X N/A Melt

7 X N/A N/A Melt

8 X X N/A N/A Melt

INEL 21642

Figure 4. LOCA functional event tree-break inside containment.
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the coolant, which results in less radioactivity buildup in the containment atmosphere. If the containment
is subsequently breached such that the containment atmosphere is released to the environment, the
resulting release will not be as severely radioactive as a release associated with the direct discharge of
coolant to the environment.

Should the SCI function fail and the containment ruptune, radioactivity will be released to the environ-.

ment. However, the physical failure of the containment does not necessarily preclude other functions from
being performed if the rupture occurs above the water line of the torus. As long as torus water is available,
coolant injection can succeed, regardless of the state of the containment. Therefore, the event tree still,

shows branches for other accident-mitigating functions even though the SCI function has failed.

Since SCI is immediately activated by the physical processes of the LOCA, it is shown on the event tree
prior to the remaining accident-mitigating functions. In other words, this function should precede the
remaining functions by some finite time, and chronological ordering of the functions will place SCI before
the remaining functions.

Emwyoncy CooAsnt in/scWon-Even though the reactor is shut down, a significant amount of heat will
still be generated in the fuel rods by the decay of the fission products contained within the fuel rods. This
decay heat must be removed or the fuel rods will melt. Consequently, it is necessary to replace the coolant
lost through the break or the core will be uncovered, the heat removal capability will be lost, and the core
will melt.

The injection of relatively cool water into the core at a rate that is greater than the loss of coolant
through the break is the purpose of the ECl function. There are two sources of injection water for the ECl
function, the condensate storage tank (CST) and the torus. Only a limited amount of coolant (approx-
imately 135,000 gallons) is available in the CST, requiring an eventual transfer of suction from the CST to
the torus for those systems initially aligned to the CST. Consequently, as the torus water is injected into the
core by the injection systems, the core is cooled, and a closed loop is formed by the injection pumps, the.

core, and the torus. This loop forms a recirculation fiow path for the water and ensures a continuous
source of water for injection. Thus, successful performance of this function will reflood the core and pro-
vide initial cooling of the core subsequent to the LOCA. Should ECl fail, it is assumed that the melt

,

scenario discussed above will take place and the core will me|t.

Upon successful completion of SCI and ECI, it becomes necessary to remove the decay heat from the
torus water so that long-term core cooling can be maintained.

o.cer n r nemover-In the injection phase of the accident, discussed above, heat is continually being
transferred from the core to the torus. The torus water is then pumped back into the core. This cycle will

,

! continually add heat to the torus and will ultimately cause loss of recirculation capabliny due to loss of net
positive suction head to the pumps. The purpose of the DHR function is to remove this heat directly from
the torus or prevent further heat buildup in the torus by removing the heat directly from the reactor

; coolant circulating around the core. These two modes of the RHR system are known as the torus cooling
j mode and the shutdown cooling mode, respectively. Success of the DHR function by either mode provides

long-term core cooling and protection of the containment from overpressurization.'

Heat is removed from the torus by the RHR heat exchangers installed in the discharge paths of the RHR
pumps. River water is pumped through one side of these heat exchangers while the torus water passes
through the other side. The heat in the torus water is transferred to the river water and the torus water is.

cooled.

Heat is removed from the reactor coolant circulating around the core in much the same way as it is
'

removed from the torus. The RHR pumps are aligned to take a suction from recirculation Loop A and
discharge back into one of the recirculation discharge loops via the RHR heat exchangers. Again, the decay
heat is transferred to the river water. Of course, if the break is located on the suction side of recirculation
Loop A, this method of decay heat removal will not be available.

25
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Should DH R fail, it is assumed that the core will melt and the containment will f ait due to the inability to
continue pumping water from the torus back to the reactor.

seguence osser(pwone-The following paragraphs discuss the sequences shown in the LOCA functional
event tree for breaks inside containment as depicted in Figure 4.

.

On 7 (no haussel-Sequence 1 is the LOCA sequence with all functions working as expected. In
this sequence, the core is cooled and no radioactivity is released to the environment.

*

soevence 2(ONs heure/-In Sequence 2, the DHR function is unavailable after successful performance
of the other functions. In this case, decay heat cannot be removed and, eventually, the core will melt, the
containment will be breached, and radioactivity will be released to the atmosphere.

soevence 3(EC1hiturel-in Sequence 3, ECI fails, which causes a relatively rapid core melt and, thus,
precludes the success of the DHR function.

seguence 4 (sC/ huurel- As discussed earlier, the failure of SCI does not necessarily preclude the suc-
cess of the ECI or DHR functions. This is depicted in Sequence 4. In this sequence, the core is cooled even
though the containment has been breached by the failure of SCI. The resulting radioactivity release will not
be as severe as a ' release following core melt because, in this sequence, the core is still cooled.

seguence s(sClendouslis#ure>-Sequence $ results when both SCI and DHR fail. In this case, the con-
tainment is breached by the loss of the SCI function and the core eventually melts because the DHR
function fails,

seguence s(sC/end EC/ fei/urel-Sequence 6 results when SCI and ECl both fail. Since the core cannot
be cooled and the containment has already failed, core melt will occur and radioactivity will be released to
the environment. No sequence branch is necessary for DHR because the core has melted before this ,

function can mitigate the accident.

sequene. 7(no mitigering functions >- As discussed earlier, w hen the reactor cannot be shut down follow-
'

ing a LOCA, it is assumed that the accident mitigating functions will not successfully cool the core, the
core will rapidly melt and, as a result, the contan. ment will be breached. In this case, a branch is still shown
for the SCI function because, if this function is successful, fission products entrained in the coolant will be
scrubbed by the torus water, and the resultant radioactivity release will not be as severe as when the SCI
fails to function at all. Sequence 7 depicts a failure of the reactor to shut down with subsequent success of
the SCI function.

It should be noted that even with SCI function success, the containment will eventually rupture due to
the core melt. But the consequences of the resulting release may be different from those resulting from
Sequence 8.

sequence s(screm and sC/ tei/ure>-Sequence 8 results when reactor suberiticality fails and SCI fails. In
this case, the core melts rapidly and the containment is breached with resultant release of radioactivity to'

the environment. ECl and DHR will not mitigate the accident.

The LOCA systemic event trees are presented in Figures 6 through 11. The purpose of these trees is to
show the interrelationships among the various systems that perform the functions previously discussed. ,

Specific system success criteria are provided in Tables A-2 and A-3 of Appendix A.

5.2.2 LOCA Functional Event Tree-Breaks Outside Containment. If a LOCA occurs outside of
the primary containment boundary, there are only two basic functics available for mitigating the LOCA
once it is determined that the break cannot be isolated. These functions are successful reactor shatdown
and core cooling. Containment os erpressure protection will not be necessary because all heat, nonconden-
sable gases, and radioactivity will be transmitted outside of the containment by the break. Core cooling is
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PB RS SCI ECl DHR X = Function failure
R S E DLOCA CRD y,$. 2 CS Looos 1 CS Loop 2 LPCI 2 LPCI-diff 4LPCI Torus Cla S/D Cla "'

LS B C FA FB GB GC Rg RAA Designator 1 i R

2 Core cooledBreak Size (f t ). 0.3 to 4 3 ,

I Core cooled.

X Slow melt~

LgR RBA
Core cooledSID = Shutdown i

Core cooledn .Cig = Cooling "

X Slow meltLgG R RABA

LOGB X N/A MeltSA
Core cooled

i

i Core cooled.

L F Rg A X Slow meltRSA
X N/A MeltLFGB3A

Core cooled,

a Core cooled
X Slow meltLFFRR3ABBA

LFFOSABC X N/A Melt
X Core cooledta ,

" i X Core cooled
LgCR RBA X X Slow melt

X Core cooled,

| s i X Core cooled
LgCG RgRA X X Slow me!t| A
L CG GB X X N/A Melt| S A

X Core cooled,
a X Core cooled

L CF R RABA X X Slow meltS
LgCF GB X X N/A MeltA

X Core cooled,

i X Core cooled
L CF F R RABBA X X Slow melt

"

S

L CF F OABC X X N/A MeltS
LB X N/AN/A MeltS,

LgBC X X N/AN/A Melt'

|

|NEL 21631

Figure 6. LCCA systemic event tree for large liquid break, suction-side of recirculation pumps (Lg).
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PB RS SCI ECl DHR X = Function failure

LOCA CAD 21 2 CS Locos 1 CS Loop 1 LPCI Torus Cla SiD Cia R S E D

G Sequence S C C H Remarks
FB D RB RALD B C FA Designator i I R

2 Core cooled
Break Size (f t ): 0.3 to 4.3

Core cooledI ,Legend:
X Slow melt'

LRRDBAS/D = Shutdown Core cooled
Cig = Cooling I Core cooled

1 .

X Slow meltLgF R RAGA
X N/A MeltLFODDA

LFFDAB X N/A Melt
X Core cooled

i
X Core cooledI ,

X X Slow meltL CRgRA'

!j D
X Core cooled,
X Core cooledi ,

X X Slow meltL CF R RABAD
X X N/A Me!tL CF GDD A
X X N/A MeltL CF FABD

LB X N/A N/A MeltD,

L BC X X N/A N/A Melt'

D

INEL 21632

; Figure 7. LOCA systemic event tree for large liquid break, discharge-side of recirculation pumps (L I-D
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X = Function failure
PB RS SCI ECi DHR

LOCA CRD VS HPCI 1 CS Loop 1LPCI Torus Cig S/D Cl9 Sequence S C C H Remarks
l B T D F U B RRy B D A Designator 1 | R

2Break Size (f t ): 0.12 to 1.4 Core cooled

Legend: Core cooled
i

S/D = Shutdown I
lRRBA X Slow melty

Cig = Cooling Core cooled
From--- #-

transient I Core cooled
systemic I l DRgRA X Slow meltyevent trees

Core cooled(Figures A 13
and A-14) Core cooled,

'
l DF R RABA X Slow melty
l DF GBD X N/A Melty

X Core cooled,M i X Core cooled,

'

lyCR RBA X X Slow melt
X Core cooled
X Core cooled,

l CDR RBA X X Slow melty
X Ccre cooled,
X Core cooledI .

l CDF R RBBA X X Slow melty

- l CDF GBD X X N/A Melty
lB X N/A N/A Melty,

' l BC X X N/A N/A Melty

INEL 21635

Figure 10. LOCA systemic event tree for intermediate steam break (ly).
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S G T O E FB
,

GD B RA Designator I I RR'

'' #
2Break Size tft ): L'ess Than 012

Core cooled
-; 1

Leend. SR RBA X Slow melt'

SID = Ghutdewn Core cooled
Cig = Cooling Core cooledi

' SDR RBA X Slow melt
.g

Core cooled'

Core cooled
g

'

SDF RgRA X Slow meltB
SDF GBD X N/A Melt
SDE X N/A Melt

X Core cooled, -,
X Core cooledrs

i i
-

SCR RBA X X Slow melt
X Core cooled,
X Core cooledi ,

"
SCDR PgA X X Slow melt

: X Core cooled
j X Core cooled,

SCDF R RBBA X X Slow melt)

SCDF GBD X X N/A Melt
i SCDE X X N/A Melt
'

SB X N/A N/A Melt.

SBC X X N/A N/A Melt

i
INEL 21636'

Figure 11. LOCA systemic event tree for small liquid-line or steam-line break (S).
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still needed during the injection and long-term decay heat removal phases. This results in only three func-
tions to be considered on the functional event tree fdr breaks outside containment. These functions, along
with the initiating event and break isolation, are depicted as event tre c headings in the fundional event tree '

shown in Figure 5. t,

runction oescriptions-In order for a break outside the containment to become a l'OCA, the break must
*

be incapable of being isolated. Otherwise, the accident becomes a transient in which the break is isolated ,
and, depending on break location, the PCS may or may not be available fo. mitigation of the transicnb

lThe second heading on the event tree, break isolation, reflects whether or not th'c break is isolated, , i
*

~

Reactor Subcriticelity end Emergency Cooientinjection--The reactor subbriticality and ECl functions are
identical to the corresponding functions discussed for the LOCA functional event tree for breaks inside

' '

containment.

oecey nest Removel-If a break occurs outside of the containment, the coolant emitted from the break .
does not enter the torus as it does when the break occurs inside the containment. Thus, no closed loop is
formed to return coolant to the core from the torus. Thus, the DHR function is different from that
discussed earlier for a break inside containment.

For the break inside containment, the DHR function basically involves cooling of the torus water. Since
a break outside the containment will eventually lead to loss of torus water, it will be necessary to replenish
the torus water for successfullong-term cooling of the core.

It shou'Id be noted that, in this case, the DHR function appears to be a continuous form of injection
rather than torus recirculation. This is in effect, the case. Failure of the DHR function will eventually lead -
to core melt.

'

Frequencies of LocA outside conteinment-Initially breaches of the reactor coolant boundary that lead to
LOCAs inside and outside of containment were considered. However, it was determined that a rupture in
an imerfacing system that results in a LOCA outside primary containment always requires at least two
valve failures. The probability of the rupture and subsequent failure to isolate is s(veral orders of*

magnitude less than for ruptures inside containment. Similarly, for low pressure systems connected to the
reactor coolant boundary but not normally operating when the reactor is at pressure, at least two valve
failure = must occur for the low pressure system to rupture due to exceeding its design pressure. Therefore,
only breaks inside the primary containment were considered for this analysis. The rationale for exclusion
of the Lieak outside containment initiators is provided in the following sections.

Lerge Brooks- A large liquid break on the suction side of the reactor coolant recirculation pump cannot
! normally occur outside containment since there are two normally closed flow control valves (FCV-74-48

and 47) on either side of the containment penetration.

A large liquid break on the discharge side of recirculation pumps in the RHR injection piping would

| require failure of the testable check valve (CV-74-54). From Section 2 of Appendix A, the frequency for a
,

large pipe rupture was 1 x 10'4 per reactor-year (Table Ill 6-9 of WASH.1400). Section XI of the ASME
Boiler and Pressure Vessel Code,10 provides that the test frequency for check valves is at least once every
3 months. Failure frequency of a check valve in the severe internal leak mode is 3 x 10-7 per hour. The
resultant unavailability based on a 3 month testing interval is 3 x 10-4. Thus, the failure frequency for a
large break LOCA in the RHR injection piping outside the primary containment is (1 x 10-4)

,

*

(3 x 10'4) - 3 x 10-8 per reactor-year which is insignificant compared to a large discharge break inside
containment (3.9 x 10-5),

*
,

Large steam breaks were also insignificant. Section 2.13 of Appendix B < hows a failure probability of
1.1 x 10-7 for failure of both MSIVs to close in a given steam line. A large steam break could ' lso occur in -a

the core spray, HPCI, or feedwater piping outside containment. For this failure to occur and not,be

33
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isolatable would require failure of a check valve and would be similar to the large liquid break frequency
shown previously,3 x 10-8. This value is insignificant compared to the frequency of 5.2 x 10-5 or thef

i large steam break inside containment.

!
intermedere areehr-The only intermediate size liquid break piping that interfaces with the primary

j coolant pressure boundary is that of the reactor water cleanup system. For a break to occur outside con- *

tainment in the reactor water cleanup piping and not be isolatable would require the failure of an electric
motor-operated valve to close (e.g., FCV-69-1), given the intermediate break. The valve failure rate is
1 x 10-3 per demand. The intermediate break frequenc per year. This results in a relative4
initiator frequency of (3 x 10 )(1 x 10-3) = 3 x 10-7, y is 3 x 10 compared with a frequency of 9 x 10-5 for an

-

4

intermediate break inside containment. In addition, hand control valve (HCV-69-500) can be utilized to
isolate the break.

An intermediate size steam break could occur outside containment in the RCIC or feedwater piping. For
this break to occur and not be isolatable would require failure of a check valve (CV-3-572) to close, given

- the intermediate break. In this case, the valve failure rate is 1 x 104 per demand. This results in a relative
I initiator frequency of(3 x 10 )(1 x 10-4) = 3 x 10-8, compared with 2.1 x 104 for an intermediate steam4

| break inside containment. In addition, hand control valve (HCV-3-66) can be utilized to isolate the break.
4

!

Although intermediate size breaks can occur on larger size piping, the frequency of these breaks and
failure to isolate the large line is likewise insignificant.

smen areeks-No small liquid or steam breaks were identified that interface with the primary coolant
il for excluding lines 1-1/4-in. diameter or less.i pressure boundary under the guidelines of NPRDS

Although small size breaks could occur on large or intermediate piping, the break frequency and probabil-
ity of failure to isolate makes these events insignificant compared to small breaks inside containment.

"

5.3 Transient Functional Event Trees

For purposes of this analysis, a transient is any event that causes thermal-hydraulic, flux, pressure, or -

similar reactor parameters to challenge the RPS to initiate a scram. Actions, such as a scram, as part of a'

'
planned shutdown or transients that do not directly result in a challenge to the RPS were not considered.
The transient functional event tree is shown as Figure 12. .

,

J

5.3.1 Function Descriptions

Reactor Suber/tice/ity-The control rods should insert upon receipt of a scram signal caused by the tran-
sient. It is necessary for the control rods to insert in order to ensure that the reactor power level after the'

transient is low enough to allow the transient mitigating systems to function. Failure to insert a sufficient
number of rods to achieve suberiticality after a transient with the PCS unavailable will result in a core melt.

t flowever, if both reactor coolant recirculation pumps trip and the PCS remains available, the resulting .

'

power level is such that the capacity of the bypass valves is adequate to remove the heat being generated.

Overpressure Protection-Following a loss of the PCS as a heat sink for the reactor, reactor pressure will
increase sharply due to the decay heat generated by the core. It is necessary for a sufficient number of relief

i valves to open to limit this pressure rise in order to prevent exceeding reactor design pressure limits. It is
also necessary that any relief valves which open in response to this pressure rise reclose when the pressure -

,

! has dropped below the setpoint of the relief valves. Thus, there are two different ways the overpressure

| protection function can fail. One involves allowing pressure to get high enough to cause a break
i somewhere in the system, while the other involves a LOCA due to failure of a relief valve to reclose when .

; necessary.

i

:
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Figure 12. Transient functional event tree.
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Failure of a sufficient number of relief valves to open was an insignificant LOCA initiator as discussed
in Section 2.5 of Appendix B. Failure of the safety relief valves to reclose was the most like.y of the LOCA
initiators. This initiator is similar to an intermediate steam break and was treated by transferring to the
appropriate LOCA systemic event tree.

vesset weterinventory-The PCS (if it remains available) can provide both the VWI and DHR functions .

by removing steam from the reactor, condensing the steam, and returning the water to the reactor via the
feed pumps.

.

If the main condenser becomes unavailable as a heat sink, it is necessary to isolate the reactor from the
remainder of the PCS in order to prevent a loss of VWI at a rate greater than the capability of the
mitigating systems to replace the water. Failure to isolate could result in a LOCA outside the containment.
However, both MSIVs in a given line must fail to close for this condition to occur.

Once the reactor is subcritical, a substantial amount of residual heat and fission product decay heat will
still be produced in the reactor. This heat will cause vessel pressure to rise and will result in either manual
or automatic operation of the relief valves to reduce pressure in the reactor vessel, as discussed above.
When the relief valves open to depressurize the vessel, the vesselinventory decreases because the steam
passing through the valves is directed to the torus. Therefore, there are systems that must operate to inject
water into the vessel to replace the lost inventory. If the systems capable of injecting water into the reactor
do not maintain adequate VWI, a core melt results.

Decay Nest Removal-Even though replacement of VWI will cool the core, the torus will heat up as a result
of open relief valves. Therefore, a means of directly cooling the core to prevent opening of relief valves or a
means of removing heat from the torus must be established. Failure to remove heat from the core or the
torus could result in containment overpressure, and ultimately, core damage.

5.3.2 Sequence Descriptions. The following paragraphs discuss the sequences shown in the transient ,

functional event tree as depicted in Figure 12.

sequence 1 (no feitures/-Sequence I represents the normal course of events where all functions are
,

successful and the core remains covered and cooled.

sequence 2 (DHR failure >- After successfully accomplishing the reactor suberiticality, overpressure protec-
tion, and VWI functions, the DHR function fails. With long-term decay heat removal capability lost, the
reactor begins to heat up. This hcat is transferred by relief valve action to the torus and causes the torus
water to heat ap. Eventually, the torus water becomes too hot to be pumped back into the reactor to
replace the fiam lost through the relief valves. Therefore, core uncovery occurs, and core melt and
containment failure result.

sequence 3(vwi fei/ure>- After the reactor suberiticality and overpressure protection functions succeed,
the systems designed to maintain vessel water level fail. This causes the core to uncover, that results in a
core melt. This sequence is more sesere than Sequence 2 since core melt occurs sooner (when the reactor is
generating more decay heat).

sequence d (overpressure protect'on failure >-After a successful reactor shutdown, either an insufficient
number of relief valves fail to open to limit the pressure rise or one or more of the relief valves fail to close
when reactor pressure drops below the relief valve setpoint. Either of these conditions results in a LOCA ,

inside containment.

sequence 5 (reactor subcriticality failurel- After the transient initiating event, the CRD system does not
function to bring the reactor to a suberitical condition. If the PCS is unavailable, the relief valves will con-

~

tinue to open and dump steam to the torus. The systems available to replace this lost inventory are not
designed to replace the inventory as fast as the reactor is losing it. Consequently, the core will uncover and
a rapid core melt will occur. Even if the PCS remains available following the initiator, failure of the reactor

36
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.

recirculation pumps to trip will result in power level beyond the capability of the bypass valves to remove
steam to the condenser. The feed pumps will eventually trip due to decreased inventory in the condensate
storage tank (CST) caused by steam being dumped in the torus instead of returned to the condenser. The
core uncovers and core melt occurs. This sequence, like Sequence 3, is more severe than other core melt
sequences of this event tree due to the rapid core uncovery and the high reactor power level at the time of

- uncovery.

The transient systemic event trees are presented in Figures 13 and 14. The purpose of these trees is to
show the interrelationships among the various systems that perform the functions previously discussed.-

Specific system success criteria are provided in Table A-3 of Appendix A.

*
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6. SYSTEMS ANALYSIS

The systems affecting mitigation of a transient or LOCA fallinto two categories. Front-line systems are
those systems that directly affect the mitigation of a transient or LOCA, while support systems affect
mitigation of a transient or LOCA only by their effect on front-line systems. Table 9 lists the front-line and

,

support systems for BFl.

,

Table 9. Front-line and support system list *

Front-Line Systems

Reactor core isolation cooling (RCIC)

Residual heat removal (RliR)

liigh pressure coolant injection (HPCI)

Automatic depressurization system (ADS) and safety relief valves

Core spray

Vapor suppression

Control rod drive (CRD)
*

.

Power conversion (PCS)

Standby coolant supply (SBCS)
.

Recirculation pump trip (RPT)

Main steam isolation (MSI)

Support Systems

AC power and DC power

RilR service water (RilRSW)

Emergency equipment cooling water (EECW)

Keep-full system

Condenser circulating water (CCW) ,

Raw cooling water (RCW)

Reactor protection system (RPS)
'

Equipment area cooling (EAC)
_
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Based on the success criteria specified by the event tree analyses, fault trees were constructed and quin-
tified for each front-line and support system, with the exception of the PCS, CRD system, RPS, keep-full -
system, and condenser circulating water system. Isor the first three systems listed, experience data from
U.S. power reactor operating plants or values from WASH-1400 (BFI is functionally identical to the Peach
Bottom Plant analyzed in WASH-1400), or similar NRC-sponsored studies, such as NUREG-0460, were
utilized. The latter two systems were determined to be insignificant contributors to front-line system-

unavailabilities, as is discussed in this section.

The success criteria from the event tree analyses def' e the top event for each fault tree. Construction ofm.

fault trees followed the guidelines of the abbreviated fault tree approach,12 and the parent tree / daughter
tree concept as presented in the IREP procedures guide. The parent tree was constructed first and
represented the logic associated with the top event down to the subsystem, pipe segment, or similar level
without specifically identifying the components involved. The daughter trees then expanded the inputs to
the parent trees down to the component level. These daughter trees were generally divided into two
parts: local faults (faults of components in that system) and interfacing fauks (faults associated with
operators or support systems). The interfacing faults identified locations where transfers were made to
other fault trees. The local faults were then listed using tabulation OR gates. Each fault event in the tabula-
tion OR gate is described by an eight-character code. This eight-character event naming code is described in
Attachment A to Appendix B. Fault tree construction also conformed to the following guidelines:

1. System faults that could also be LOCA or transient initiators are explicitly included.

2. Passive failures are excluded except for single failures that fail an entire system or are
either LOCA or transient initiators.

3. Flow diversions are explicitly included for fluid delivery systems if the diversion can cause
the system to fail to meet its success criteria and the probability of the diversion is
comparable to other system faults.-

4. Spurious control faults are excluded unless the component would receive additional
signals to change state during the course of a LOCA or transient..

5. Operator errors of commission are excluded for components not specifically identified in
procedures as requiring operator manipulation.

6. Operator action to "back up" automatic actions are excluded from the fault trees and
discussed under recovery operations.

7. Valve (or other component) mispositioning prior to a LOCA or transient is excluded if
valve position indication is available in the control room and is monitored once every shift
or if the mispositioned valve receives an automatic signal to return to the proper state
after a LOCA or transient.

Browns Ferry is a three-unit nuclear station. The three units are not independent and, in fact, share
many systems between the units. The front-line and support systems for Unit I that are shared with other
units are as follows:

Residual heat removal system*-

Electric power system (AC and DC)*

.

Residual heat removal service water system*

Emergency equipment cooling water system*
,
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Raw cooling water system*

Power conversion system*

Control rod drive hydraulic system.*

.

Although the study was intended to address only Unit 1, the large number of shared systems between
units made it necessary to address the effects of certain failures (e.g., loss of offsite power) on a plant-wide
basis. Figure 15 illustrates some of these interunit and intersystem ospendencies.

,

As a general rule, only those portions of shared systems dedicated to Gnit I were modeled. In other*

words, no credit was taken for cross-connects to other units. There are of course exceptions. These are
detailed in Section 1.2 of Appendix B.

6.1 Front-Line Systems Description

This section provides an overall description of the front-line systems. System description, assumptions,
interfaces, and fault trees are discussed in more detailin Appendix B of this report.

6.1.1 Reactor Core isolation Cooling System. The purpose of the RCIC system is to provide a source
of high pressure coolant makeup water to the reactor vesselin case of a loss of feedwater flow transient.
The RCIC system is also used to maintain the reactor in a hot standby condition.

For events other than pipe breaks, the RCIC system has a makeup capacity sufficient to prevent the reac-
tor s essel water level from decreasing to the level where the core is uncovered. This is accomplished without
the assistance of an ECCS.

.

RCIC system operation is designed to be completely independent of AC power. Only DC power from
the plant batteries and steam extracted from the reactor vessel are necessary for startup and operation of ,

the system.
,

Description-The RCIC system consists of a steam turbine assembly that drives a constant-flow pump and
includes the associated piping, valves, controls, and instrumentation. Figure 16 is a simplified diagram of
the system.

The RCIC turbine is driven by steam that is generated in the reactor vessel. The steam is extracted from
main steam Line C upstream of the NISIV. The turbine exhaust is directed to the suppression pool. The
turbine-driven pump is provided with two sources of water for injection into the reactor vessel.
Demineralized water from the CST is used normally but water from the suppression poolis also available.

The RCIC system controls automatically start the system and bring it to the design flow rate of 600 gpm
within 30 see after receipt of a reactor vessel low-low water level signal. The system is designed to deliver
the design flow rate to the core at reactor vessel pressures ranging from 1120 psig down to 150 psig. The
RCIC system automatically stops when a high water levelin the reactor vessel is signaled, when steam sup-
ply pressure drops below 50 psig, or when other system parameters generate a trip signal.

App // cation-The RCIC system appears only in the transient event trees. Its design basis is to provide ,

makeup coolant to the reactor following a closure of all NISIVs. Therefore, the system is not capable of
providing makeup coolant to the reactor during LOCAs.

Assumptions-There were no major assumptions that significantly affected RCIC system unavailability.
~

/nsights-Failure of the first of two rupture disks is the dominant contributor to RCIC unavailability.
This failure accounts for approximately 50ro of the RCIC unavailability. The purpose of the rupture disks
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is to prevent a turbine exhaust line blockage from damaging the turbine. In theory, the rupture disks
should only be challenged by a double fault such as the discharge check valve failing to open and the high
exhaust pressure trip failing to shut the turbine steam inlet. In practice, the cyclic heating load on the rup-
ture disks leads to fatigue failure. A pressure switch between the first and second disk senses this failure
and isolates the turbine. This is unnecessary if the second rupture disk is still intact. Therefore, failure of.

the first rupture disk leads to turbine isolation even though there is no exhaust line blockage and the second
rupture disk is still functional. A factor of two reduction in RCIC unavailability could be achieved by
modifying the sensors / circuitry to isolate RCIC on failure of the second rupture disk and only alarm on,

failure of the first disk.

6.1.2 Residual Heat Removal System. The RHR system provides water at low pressure to the reactor
to restore and maintain water level following a LOCA. It also provides a means of removing the residual
heat of the reactor after shutdown either by directly cooling the reactor water or by cooling of the tows
water.

Description-The RHR system consists of two loops. Each loop has a suction line, two pump and heat
exchanger combinations, and a discharge line. The loops take suction on the suppression pool (torus) or
the reactor recirculation Loop A. Each loop discharges to the reactor, containment sprays, or torus cool-
ing headers, depending on the mode of RHR operation. The LPCI mode takes water from the torus and
pumps it into the reactor recirculation discharge piping. Shutdown cooling takes water from recirculation
Loop A, cools it in the heat exchanger, and returns it to the reactor via the same discharge path as the
I.PCI modes. In the torus cooling mode, water is taken from the torus and cooled in the heat exchangers.
The torus cooling discharge path is either to the torus spray header or torus test return line. SBCS uses the
RHR service water (RHRSW) system to inject river water into the reactor via the same discharge path as
LPCI (on Loop 2 only). Figure 17 shows a simplified drawing of Loop 1 of the RHR system. The RHR
system drawing shows all the major components included in the fault trees. The valves are shown in their
normal positions with the suction aligned to the torus. Loop 1 is shown in the drawing; Loop 2 is similan,

There are four modes of RH R operation modeled in the fault trees. These are the LPCI mode, shutdown
cooling mode, torus cooling mode, and SBCS mode. The LPCI mode is automatically initiated upon

,

receipt of a low level signal or a high drywell pressure signal coincident with low reactor pressure signal. All
other modes of RHR operation are manually initiated. The logic circuitry provides reactor pressure
interlocks to prevent system overpressurization during shutdown cooling and provides signals to open and
close the minimum-flow bypass valves for each loop.

There are six system interfaces with the RHR system. These systems are AC and DC power, logic initia.
tion circuitry, keep-full system, emergency equipment cooling water (EECW), raw cooling water, and
RHRSW system. There are multiple combinations of AC and DC power necessary to operate the RHR
system depending on w hich mode of RH R is in use. The logic circuitry provides automatic initiation signals
and protective interlocks to prevent overpressurization of the RHR system whenever the raw cooling water
system cannot. The EECW system provides room cooling and pump seal cooling for the RHR system. The
keep-full system ensures that the discharge piping of each RHR loop is filled with water. This prevents
water hammer damage w hen the pumps start. The RHR service water system provides cooling to the RHR
heat exchangers for the shutdown cooling, torus cooling, and containment spray modes of RHR
operation.

. Application-The RH R system appears in every event tree in one or more modes. Table 10 summarizes the
success criteria for each mode of RHR operation and lists which event tree applies to each mode.

Assumptions-Failure of the minimum-flow bypass valves to close when required can allow 10To of rated
flow to be diverted from the desired path. This analysis assumes this causes failure of that loop since no
analyses are available to show that 90To of rated flow is sufficient. Also, if the LOCA initiator is a break
on a recirculation loop discharge side, this analysis assumes that the RHR loop which discharges to that
loop is likewise failed due to flow diversion.
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Table 10. RHR operational mode success criteria

Designation Success Criteria Applicable Event Trees

*

GA Two LPCI pumps in the same loop Large suction break
deliver rated flow to the core

*

GB Two LPCI pumps in different loops Large suction break
deliver rated flow to the core

GC Four LPCI pumps deliver rated flow to Large suction break; large steam break
the core

! GD One LPCI pump delivers rated flow to Large discharge break; large steam
the core break; intermediate breaks; small

breaks; transients

RA One pump and heat exchanger All
circulating reactor coolant

RB Two pumps and heat exchangers All
circulating torus water

Rs One RHRSW pump delivering rated Transients
flow to reactor through RHR Loop 2

*
,

/nsights-Other than the main condenser, the RHR system is the only system capable of transferring reac-
for decay heat to the river. Therefore, for LOCA initiators and transients where PCS is not available, it is,

the only system available to remove decay heat. This fact makes the RHR system the limiting factor affect-
ing core melt frequency. No matter what actions are taken to improve the reliability of other systems, the

i core melt frequency can never be made less than the frequency of core melt sequences where RHR fails.
Furthermore, this analysis has shown that core melt sequences resulting from RHR failures constitute over

.

70ro of the frequency of the total dominant sequences even after recovery is considered. Therefore, the'

'

RHR system must be considered to be the most risk critical system at BFl.
i

6.1.3 High Pressure Coolant injection System. The HPCI system is one of the ECCS at BFl. The
primary purpose of the HPCI system is to provide a supply of cooling water to reflood the reactor core in<

the event of a LOCA that does not result in depressurization of the reactor vessel. The HPCI system is
2 n area (or approxi-designed to provide this function unassisted for all liquid breaks less than 0.12 ft

mately 5 in. in diameter) or all steam breaks that are less than 1.4 ft2 (or approximately 16 in. in
diameter). The HPCI system can also be used to provide makeup water to the reactor during periods when
the reactor is at or near normal operating pressure and is isolated from normal makeup sources.

Descript/on-HPCI system operation is designed to be completely independent of AC power. Only DC
power from the plant batteries and steam extracted from the reactor vessel are necessary for startup and4 -

operation of the system. The HPCI system consists of a steam turbine assembly that drives a constant-flow
pump and includes the associated piping, valves, controls, and instrumentation. Figure 18 is a simplified'

, diagam of the system.

The llPCI turbine is driven by steam that is generated in the reactor vessel. The steam is extracted from
main steam Line B upstream of the MSIVs. The turbine exhaust is directed to the suppression pool. The
turbine-driven pump, w hich actually consists of main pump and booster pump driven by the HPCI turbine
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through a speed reducer, is provided with two sources of water for injection into the reactor vessel. Ini-
tially, demineralized water from the CST is used. This provides reactor-grade water to the reactor vessel
for the case where the need for HPCI is rapidly satisfied. After the water in the CST is depleted, the CST
low level signal will automatically shift suction to the supprersion pool.

The HPCI system is designed to start and inject water into the reactor vessel without operator action.*

However, the system can be operated manually. When reactor vessel level decreases to 476.5 in, above
vessel zero or when drywell pressure increases to 2 psig, the HPCI logic circuitry sends an initiation signal
to various HPCI components to start the system. The turbine control system will maintain turbine speed to-

provide constant-flow to the reactor vessel until a turbine trip signal or an isolation sigr.al shuts the system
down.

Application-The HPCI system appears in the event trees for intermediate and small breaks and all tran-
sients. It does not appear in event trees for large breaks since depressurization will occur too fast for the
HPCI system to be useful.

Assumptions-A major assumption associated with the HPCI system is that suction transfer from the
CST to the torus is required for LOCAs but not for transients. The minimum level of the CST is based on
having sufficient volume to replace inventory lost due to decay heat for 8 hours. For LOCAs, the rate of
inventory loss is much higher and therefore requires the transfer.

Iris /ghts-The rupture disk arrangement for the HPCI system is almost identical to that of the RCIC
system. Depending on whether the initiator is a LOCA or transient, rupture disk failure accounts for about
31 and 45%, respectively, of the HPCI unavailability. For the same reasons mentioned in Section 6.1.1,
this contribution could be eliminated by modification of the sensors and circuitry.

Routine scheduled tests and maintenance account for over 25% of the HPCI system unavailability for
LOCA sequences (about 14% for transients). The purpose of routine testing is to verify operability and*

limit unavailability by discovering faults as soon as practical for standby systems. Since the testing itself
accounts for one quarter of the unavailability, it would be desirable to review the testing duration and fre-

- quency to determine if a more optimum schedule can be arranged that will reduce the tating contribution
to unavailability without causing component unavailabilities to significantly increase.

6.1.4 Automatic Depressurization System and Relief Valves. The reactor and the steam system are
; protected from overpressure by 13 relief valves. The 13 valves are distributed among the four main steam

lines and located upstream of the main steam isolation valves. Each valve discharges to the suppression
pool. The relief valves are designed to maintain primary system pressure below the emergency stress limit
of 1350 psig at all times. ADS is provided to reduce reactor pressure whenever the high pressure makeup

i systems are unable to maintain reactor water level. This allows the core spray system or the LPCI system to
maintain water level. The ADS is used in an intermediate or small break LOCA if the HPCI system fails.
The depressurization is accomplished through automatic opening of 6 of the 13 safety ielief valves to vent
steam to the suppression pool.

Description-IlF1 has 13 identical Target Rock two-stage safety relief valves. When operating in the over-
pressure relief mode, the vals es are operated by the self-contained pilot valve. The valves are set as follows:

Fise valves at i105 psig*

.

Four valves at i115 psig*

i

Four valves at i125 psig.*
.

At their rated setpoints, the 13 valves provide a total relief capacity of 74% of rated steam flow.,
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ADS uses 6 of the 13 relief valves. The ADS itselfis nothing more than the instrumentation and control
;

required to automatically open the six valves. Each valve relieves approximately 800,000 lb/hr at 1000 psi.'

ADS activation of a relief valve involves energizing a solenoid, which allows compressed air from the
drywell control air system to pressurize a pneumatic actuator which in turn opens the relief valve. The4

valve will remain open until closed by the operator. All ADS valves are equipped with an accumulator on>

the air line. A simplified diagram of ADS is shown in Figure 19. Depressurization will occur if three .

conditions exist:

>

Reactor water level at Level I (-143 in.)+
,

High drywell pressure (+2 psig)*

Sufficient LPCI or core spray pumps are operating to ensure that makeup water is*

available after depressurization.

All relief valves can be manually activated from the control room. This serves as a backup to ADS
should depressurization be required and the activation logic fails.

Successful ADS requires that four of the six valves open when required to depressurize the reactor. Suc-
cessful overpressurization protection depends upon the availability of the bypass valves and the signal
causing the reactor scram. If the bypass valves are available, no ielief valves are required. If the bypass
valves are unavailable, then the number of valves varies as shown below:

* Direct scram 2 of 13

* Flut scram 7 of 13

* Pressure scram 10 vf 13. ,

/ns/ghts-Since the ADS logic requires both a low level signal and a high drywell pressure signal, ADS will
not actuate during transients if HPCI and RCIC fail because no high drywell signalis present. Therefore, ,

the operator must manually depressurize the reactor vessel. Removal of the high drywell signalinput would
not increase the system unavailability and would allow ADS to automatically function for transients where
HPCI and RCIC fail. This would significantly increase depressurization reliabihty (approximately two
orders of magnitude).

6.1.5 Core Spray System. The core spray system along with its control and instrumentation is one of
several ECCSs used to inject coolant onto the reactor core following LOCA (pipe break) or a transient.
The core spray system is designed to prevent excessive fuel cladding temperature for a pipe break of up to

1 4.0 ft2 by spraying water onto the reactor core.

Description-The cote spray system consists of four pumps divided into two parallel systems, which are
identical and are physically and electrically independent. Each system contains two AC motor-driven'

centrifugal pumps, a core spray sparger, and interconnecting pipes and valves.

The pumps in each loop are connected in parallel. Both pumps in a loop must operate since, with only
one pump operating in a loop, the core spray system will not deliver the required flow to those fuel
assemblics located near the sertical centerline of the core. The arrangement of the core spray system is ,

shown in Figure 20.

! The controls and instrumentation for the core spray system include the sensors, relays, wiring, and
'

vals e-operating mechanisms used to start, test, and operate the system. Logic control power for each of the
core spray loops comes from separate 250 V DC buses. The signals used to initiate the core spray system
are:
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1. Low-low-low reactor water level (470 in.).

2. High drywell pressure (+2 psig) concurrent with low reactor vessel pressure (less than or
equal to 450 psig).

These signals seal in and have to be manually reset when the initiating condition has cleared. No*

operator action is necessary for proper core spray system operation.

Application-The core spray appears on every event tree in one of two modes. One mode requires that.

both loops deliver rated flow to the spray spargers above the core. The other mode requires only one of the
two loops to function.

Assumptions-As with the RHR system, the minimum-flow bypass valves for each loop must shut to
ensure that flow is not diverted from the injection path. Failure to close these valves is assumed to fail that
loop even though a significant portion of rated flow is not diverted. Likewise, if the LOCA initiator is a
break on one of the core spray discharge lines, that loop is considered to be failed.

Insights-The design basis for the core spray system is to provide core cooling by spraying water on the
fuel elements following a large break. As noted earlier, both pumps in a loop must operate to provide the
required spray. However, the core spray system can also provide inventory makeup capabilities during
transients. In this case, the spray effect is not the crucial feature but flow rate is. However, the initiation
circuitry is set up such that if one pump in a loop does not have power, the other pump is prevented from
starting even if it has power available. This appears to be an unnecessary increase in the unavailability of
the loop especially when flow rate, not spray effectiveness, is the desired feature.

6.1.6 Vapor Suppression System. The vapor suppression system is designed to diiect the LOCA
effluents to the pressure suppression chamber to prevent containment overpressurization following a pipe
rupture in the drywell. The suppression chamber receives this flow, condensing the steam portion and.

leaving the noncondensable gases and fission products. The suppression chamber-to-drywell vacuum
breakers limit the pressure differential between the drywell and suppression chamber.

.

Descr/ prion-Figure 21 represents the basic configuration of the vapor suppression system as part of the
primary containment. Large vent pipes form a connection between the drywell and the pressure chamber.
A total of eight circular vent pipes are provided, each having a diameter of 6.75 ft. The pressure suppres-
sion chamber is a steel pressure vessel in the shape of a torus located below and encircling the drywell. It
contains approximately 135,000 ft3 of water as a maximum and has a net air volume above the water pool

3of approximately 119,000 ft . The eight drywell vents are connected to a 4-ft,9-in. diameter vent header in
the form of a torus, which is contained within the airspace of the suppression chamber. Projecting
downward from the header are % downcomer pipes (24-in. diameter) terminating approximately 4 ft
below the surface of the water. Vacuum breakers (18-in. diameter) discharge from the suppression
chamber into the drywell to equalize the pressure differential and to prevent a backflow of water from the
suppression pool into the vent header system. Success criteria for the vapor suppression system is defined
as adequate suppression pool level and no bypass leakage from drywell to wetwell.

Application-The vapor suppression system appears on all of the LOCA event trees. Since the system is
designed to respond only when there is a breach in the primary coolant boundary into the drywell, it will
not be found on the transient trees.

.

Aswmptions-It is conservatively assumed that any of the faults identified (i.e., pipe ruptures or any
vacuum breaker failed open) would result in failure of the vapor suppression to perform its function
following a LOCA of any size. Faults of wetwell water level being too high, too low, or too hot are

,

assumed to be insignificant contributors to vapor suppression failure due to instrumentation redundancy
and frequency of operator observance of this instrumentation.
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6.1.7 Control Rod Drive System. The CRD system is designed to supply and control hydraulic
pressure and flow to the CRD mechanisms. Water is supplied to the hydraulic control units (HCUs). Each
HCU controls the flow to and from an individual drive. Water that is discharged from the drives during a
scram flows through the HCUs to the scram discharge volume. During normal operation rod positioning,
this discharge flows through its HCU and exhaust header to the reactor vessel,

s

osser4pt/on-A simplified schematic of the CRD hydraulic system is shown as Figure 22. This figure
shows one of the 185 HCUs and scram valve arrangements, which is typical of all the units. During a reac-
tor scram, the scram inlet valves and scram discharge valves open, allowing water from the CRD hydraulic.

system to flow into the drives, thereby inserting the control rods. Operation of the scram inlet valves and
the scram discharge valves is controlled by the scram pilot valves. The pilot valves are operated by signals
recieved from the RPS. Two scram pilot valves for each HCU control both the scram inlet valve and scram
discharge valve for that HCU. The scram inlet and discharge valves are designed to open on loss of air
pressure. The pilot valves are normally energized and are aligned to provide air pressure to the scram inlet
and discharge valves, thus keeping them closed. Upon loss of electrical signal, the pilot valve inlet ports are-

closed and the exhaust ports are opened, which depressurizes the scram inlet and discharge valves. This
opens the valves, inserts the rods, and trips the reactor. The scram accumulators store sufficient energy to
insert a rod during scram independently of any other energy source. Each accumulator is a water volume
stored under nitrogen pressure.

The scram discharge volume, which is provided by the instrument volume and the scram discharge
headers, is designed to contain water from all the drives during a scram. During normal plant operation,
the volume is empty with both its drain valve and its two vent valves open. These valves close upon receipt
of a scram signal. During a scram, the scram discharge volume is partly filled with water, which is
discharged from above the drive pistons. An isometric view of the scram discharge volume equipment is
included as Figure 23. 4

The success criteria for the CRD system requires that no more than 30 distributed or 5 adjacent rods fail-

to insert. The 30 rods are considered conservative for maintaining the reactor suberitical. The 5 rods are to
prevent a localized criticality.

.

Applications-The CRD system appears on every event tree. The system is required for reactor
suberiticality in the event of a LOCA or transient.

Assumptions-As noted previously in Section 6, the unavailability for the CRD system for this analysis
was taken from NUREG-0460. The complexity of determining "how many rods in what patterns fail to
insert by how much and by what means" was considered beyond the scope of this analysis.

6.1.8 Power Conversion System. The PCS provides a means of bringing the reactor to a stable shut-
down condition following a transient event that does not preclude PCS availability. The PCS can provide
both the VWI and DHR functions by removing steam from the reactor, condensing the steam, and return-
ing the water to the reactor via the condensate and feedwater systems. Successful PCS operation requires
that the condenser is available and the feed system is providing makeup water to the reactor vessel.

Description-The PCS consists primarily of the main steam, condensate, and feedwater systems.
Simplified flow diagrams for these systems are provided by Figures 24 and 25.

During normal operation, steam from the reactor flows directly to the main turbine generator via the-

main steam lines. Condensed extraction steam is cascaded through the feedwater heaters to the main con-
denser where it is deaerated and collected in the condenser hotwell along with condensed steam from the
turbine exhaust and miscellaneous drains from the turbine cycle. Condensate pumps, taking suction from.

the hotwell, pump the condensate through the air ejector condensers, gland exhaust condensers, and
filter /demineralizers to the condensate booster pumps, which increase the condensate pressure and
discharge through the low-pressure heaters to the reactcir feed pump suctions. The reactor feed pumps
discharge through the high-pressure heaters to the reactor.'
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Figurc 22. CRDH system.
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instrumentation v capacity-
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Figure 24. Main steam system.
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flader tboormal coadusons requiring e.n emergency shutdown from poecr. IM foneowing action occurs
if the PCS es out rendered unava4lable by the manatmg event. Th main turbem is inppei, and is isolated

j from the masa steam system by the turbme stop valves and turbine control valves. There are a,ne turikas
bypass valves that open to take steam from ahead of the turbine stop valves and discharge to the con.
denser. The bypass valves are sued to pass up to M*e of mammum turbine deusa flow. The 6cadensed

3

steam drops to the lower sectma of the condenser, called the condenser hotmen. The operator manually
snpo a4 but one of the operating condensate pumps taking sucuon from the condenser hatweu. The con.
densate dtschasse passes through filter /demineralucrs to the suction header for the condensate boaster
pumps. The operator manuaHy trips all but one of the operatmg condensate boo.ser pumps. The re,'iaimag
condensate booster pump dixharges through a series of heaters to raise the condensate water temperative.

,

*
t

The feed =ater system is actually an estension of the condensate system, eNeb (a) recesves mater from *

the condensate system at booster pump discharge pressure,(b) increasen the pressure via a s4eatednvea
,

reactor feed pump, and (c) feeds the reactor through the high prewre heaters, which frther raase the
remperarme of the feedwarer. The feedwater flow as combmed mio a 3No. misms header end them is
dmded mio two 24-in. knes to feed the reactor through the feed sparser rings. Tb eg-ator enps au but
one of the operstmg reactor feedeater pumrs.

s

a-a=-The PCS appears only on tk event tree for trannents where PCS W avaita^ se. The PCS actao
as a heat sink for reactor decay heat fo' owing a transient abcre reactor sinbcntacabiy is adieved. If seso-J
cnticahty is nos acturved but the recuculation peeps are inpped, the PCS has adeouate heat removal

, capacity to remove the heat being generated at the resulting 6cactor power levet.
-

- As noted previously in Section 6, the unavadabiPaty for PCS used in this analysis was based
on expenence data from U.S. power reneur operating plants.

s.1.9 Standby Cooaant supply syatam. The SBCS system is a special snode of ab ament of thef

RHRSW system to the itHR system to provide a standby source of coolant to the reactor. The D supply
header of the RHR$W system contains pipmg and vahes that cross-connect the RHR$W system with the i

RHR system. The purpose of this crossue is to inject RHRSW into ti.e reactor vessel or -- ' 1 via [
the RHR pipms, for fmal flooding if au other sources of coolant are expended. This anode of cana i iqac. i

tion to the reactor is included in the descripuon of the RHRSW syssesa (Section 6.2.2),

s.1.10 Racirculation Pump Trip Syntam. Dunns abnormal conditions that lead to sharp increases in
reactor system preuure, the RPT system ensures a rapid inp of the recirculation pumps. Tius action
reduces the flow through the core allowing for more void forniation and a correspondaag reductica in

treactor poetr.

', \
ossweefse-The RPT system consists of the control circuits for the recirculation pump motor generator

breakers and portions of the RPS that actuase the inp. The 250 V DC syntesa provides power to the RPT
control ciremtry. The circuat requires power *o function. Figure 26 is a simphfied diagram of a RPT
circuit.

r,

The RPT function only appears on the transient event tree where PCS is avait.ha* For the.

case where the reactor subenticality systems fail to shut down the reactor, successful RPT easieres that the
resulting reacar power letcl is within the capacity of the PC5 to remove the heat and mananasa reactor
coolant inventory. Fadure of the RPT would allow power levels to rensma too high for the PCS to
accomplish these tasks and a core melt would eventunuy occur. ,

6.1.11 hanin Steam leolation Syntam. The purpose of the meia steam isolation (MSI) sysseum is to
isolate the reactor from the main condenser when the PCS is unavadable to emanatasa reactor waser level.

W
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Fuse
s
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h !tFigure 26. RPT circuit. ,

| '

Descr/pr/on-There are eight h1SIVs, two in each of the four mi.in steam lines leading to the conmon ' ,
manifold in the turbine building. From the common manifold, there ire four lines leading to the mali tur-
bine, each having a turbine stop valve and turbine control valve. (here are rine bypass valves, arran; ed in. _ N
parallel, that can dump steam directly to the main condenser. Fsinis 16 presdnted a simplified draw;iig of D !. .

f\ 'the main steam system. ,! s
.

; r.~

The htSIVs are closed automatically if the reactor water level reaches the low telel setpoint. The valves
are air-operated to open and spring loaded to shut upon loss of air to the valves. The low level initiation

,

circuitry deenergizes an AC and DC solenoid valve. which causes the air supply to the valve to rapidly,
bleed off. This action causes the valves to close. The valves may also be closed from the control room by '
the operator.

'

.<
g

'

The turbine stop valves, control valves, and bypass vanes r'eceive their control signals from (ne pressure
regulator via the electro-hydraulic control system. Under normal cadhioAs these valves open and close to
maintain a constant pressure at the common manifold. Following a scramithe turbine stop valves and coni

' "
trol valves receive signals to shut, while the bypass val es open as necessary to wnitain the pressure at the
common manifold below a preset pressure. As long as pressure in the manifol6 n tnains below this va!(e,
the bypass valves will remain shut. The operator may manually open or shut flie bypass valves from the
control room. a

,

N1SI failure is defined as the inability to isolate the reactor from the main condenser when reactor water
level is low. This will occur if any two 51SIVs in the same steam line fail to close and the turbirN stop,

'
control, and bypass valves fail to close. -

'. Applicerion-The S1SI function appears on the transient event trees. It is necessary to isolate the reactor,

wheneser the PCS is unavailable in order for the other mitigating systems to be able ;o function properly.

Assumptions-in quantifying the N1SI fault tree, no credit was taken for (peration of the turbine stop,
control, or bypass valves. These valves are controlled by the pressure regulator and the electro-hydraulic

,

control system. Neither of these systems were modeled in this analysis. Instead, it is conservati<ely
assumed that the added redundancy of these salves provides no additionalisobrion protection.
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6.2 Support Systems Description

This section provides an overall description of the support systems. The systems and fault trees appear in
more detail in Appendix B of this report.

.

6.2.1 Electrical Power System. The Browns Ferry electric distribution system is a complex arrange-
ment of switches, transformers, generators, batteries, and other devices needed to provide power to the
various pumps, valves, and control circuits. In general, the system consists of two parts: an AC and DC

'

distribution system (Figure 27). The AC system consists of two parts, those buses powered only by offsite
power and those buses powered by either offsite power or emergency onsite diesel generators.

Description-The AC system consists of a distribution system powered by offsite power and a distribution |
system powered by either offsite power or emergency onsite diesel generators. Figure 27 shows those AC '

system buses directly associsted with Unit I that receive power from offsite power or the diesel generators.
Hreakers shown in solid black (filled in) are normally closed.

|

Each 4160 V shutdown board has two offsite power supplies. Automatic transfer from one to the other
offsite suppl occurs if one is lost. If both offsite sources are lost, the diesel generator for that bus receives/
an automatic start signal. When the diesel is successfully started, the output breaker will automatically
close to supply p(wer to the shutdown board if there is no offsite supply. Supplying a shutdown board
from its corresponding Unit 3 shutdown board (and vice versa)is a manual operation.

The 480 V shutdown boards each receive power from a normal and alternate transformer powered by
the 4160 V shutdown boards. Transfer from one power source to the other is a manual operation.

Each 480 V RN10V (reack ..mtor-operated valve) board has two power sources. Rh10V Boards ID
enerators providing power from the 480 V shutdown boards. Rh10Vand IE hase AC-to-DC . '. e ,

Boards 1D and IE automatically transfer from one power supply to the other on undervoltage. Transfers
for RN10V Hoards I A, IB, and IC are manual operations.

There are four DC systems at Browns Ferry. The 48 and 24 V DC systems do not directly supply any of
*

the loads necessary for accident or transient mitigation. Figure 27 also shows the 250 V DC system as it
apphes to accident and transient mitigation loads. Breakers shown in solid black (filled in) are normally
closed. Each battery board is supplied by a battery and a normal and alternate battery charger. The alter-
nate charger for each board is shared by all three battery boards. Each battery charger has two sources of
AC power. Each DC RMOV board receives power from one of two of the battery boards. All transfers of
power supplies in this system are manual operations. The 125 V DC system consists of the batteries and
chargers associated with starting and controlling the diesel generators. Each diesel has its own 125 V DC
system, which is independent of the other diesels' 125 V DC system.

Application- A fault tree emts for each interface between the EPS and a front.line system. Thus, there
are many EPS fault trees. Esery system except vapor suppression and overpressure protection (relief
vahes) has an EPS interface.

Assumptions-EPS buses powered only by offsite power were not modeled. Instead the house event
ilOUSELOP was used to describe the t.navailability for these buses. Thus, when IIOUSELOP is "on"
that bus fails. Otherwise, the value for frequency of loss of offsite power (LOSP) was used for those bus

*

unasailabilities, which, represents the dominant contributor to bus failure.

Normally open or closed breakers not required to change state do not appear in the fault trees.
.

Since each diesel generator's support systems a .nique to that diesel except for EECW cooling, the
support systems are not explicitly show n except fo< ac EECW cooling. This includes starting air, lube oil,
fuel oil, and others.
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6.2.2 Residual Heat Removal Service Water System. The primary purpose of the RHRSW system is
i to provide an assured heat sink for long-term heat removal when the normal means of heat removal

through the main condensers is not available or cannot be used. A second purpose of the RHRSW system
is to provide an assured supply of water for the EECW system. This system supplies cooling water for
various auxiliary systems and for items of equipment that support shutdown operations. The EECW'

system is discussed in a separate section of this report. Finally, the RHRSW system-to-RHR system cross- .

connection provides added long-term redundancy to other emergency core cooling and containment
cooling methods.

.

oneristion-The RHRSW system, as considered in this analysis, consists of eight service water pumps,
four service water headers, four service water heat exchangers and the associated piping, valves, controls,

: and instrumentation. Figure 28 is a simplified composite diagram of the system. Since the system consists
; of four nearly symmetric trains, a composite diagram more simply illustrates the system. Figure 29 shows

the electrical power dependencies for this system. There are eight service water pumps associated with the
RilRSW system. Four pairs of pumps are connected to the four RHRSW headers. Each pair is designed to

,

i supply only one header according to the following configuration:

Pump Pair Header

Al,A2 A
i B1, B2 B

Cl,C2 C
DI,D2 D

As Figure 29 shows, each pump pair supplies only one supply header and, in turn, each supply header sup-
plies only one Unit i RHR heat exchanger. Each service water pump has the capacity to supply 100ro of
the cooling water required by one RHR heat exchanger. No cross-connections exist between the service
water supply headers but there is a cross-connection to the EECW system on each train. Control of the -

; RHRSW system is entirely manual.
1

The D supply header contains piping and valves that cross-connect the RHRSW system with the RHR -

I system. Although it is only used as a last resort, this cross-connection provides a method of injecting river

| water directly into the reactor vessel or primary containment via the RIIRSW system and the RHR piping.

,

in the highly unlikely event that all other sources of injection water were unavailable, this source could be
f used to keep the reactor core covered and the containment cooled. When the RHRSW system is cross-

connected to the RilR system in this manner the resulting configuration is referred to as the SBCS. Control
of SilCS is also manual.

i

| Application-Since the RilRSW system provides culing to the shutdown cooling and torus cooling
modes of the RHR system, it contributes to every event tree through its effect on RHR unavailability. The

! SBCS mode appears only on the transient trees.

Assumptions-The four RilRSW pumps dedicated to the EECW headers are considered unavailable for
use in the RilRSW cooling system. Since three of four EECW pumps are required when that system
operates, it is likely that no spare pump will be available anyway.

Insights-The procedure for establishing SBCS flow to the reactor requires operation of RHRSW and
RilR system valves such that the cross-connect valves are opened before the RilRSW heat exchanger -

i discharge vai e is shut. This allows a flow path from either the reactor or torus (depending on the RHR
mode line up) directly to the river until the operator closes the heat exchanger discharge valve. Operator
failure to close the valve or valve failure would allow the torus (or reactor water) to drain to the river. Since .

after a LOCA or transient this water may be contaminated, the consequences of such a discharge could be
serious. Installing a check valve in the cross-connect line and changing the procedure to require shutting
the heat exchanger discharge salve first would reduce the likelihood of this sequence.

64



. . . . . .

~

{FCV p C and D supply headers only
intake s g,

station * L
'

,N X |{{ | EECW systems

pump A1 v 502 503 HCV-67-88
B1 522 523 HCV-67-89
C1 546 547 FCV-67 49
D1 565 566 FCV'7-48

7 supply header onlyDp-------- -- -;

504 | FCV FCV

524 y | |
I Unit 2544 4\ Unit 1 s -- m m ,

RHR Loop 2 | '
|

| RHR Loop t"' r' '563
74-101 74-100 g

I l

23-57 FCV?,
L_______ ._______I

y 0 FCVIntake - s

station ' HCV [ }
'

iN X %| .N ' '

' River'

"h HX A 23-34RHRSW j
506 507 23-31 510 B 23-46jpump A2

B2 526 527 23-43 530 C 2140
C2 542 543 23 37 550 D 2152
D2 561 562 23-49 569

|= Supply header = |
h = Pipe number n

INEL 21584
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g 2.3 Emergency Equipment Cooling Water Eystem. The purpose of the EECW system is to suppFf
coohng mater to safety-related components m the core spray. RHR, and dieset generator systems The
EECW system performs this functma by supplyms water from the mtake station to heat enchangers in the

i previously mentmned safety systems. This cooung mater them flows through the heat enchangers and
ducharges tmk to Wheeler Reservoir through yard dramage.

1 -

ceswesse- A simphfied diagram of the EECW syuem is protused by Figure 30. The EECW system is at

Class I safety-related system that serves au three of the Broens Ferry nuclear umts. Enher of too
I indegarndent piping headers (north and south headere can supply the safety-related cochng loads. The
) EECW system uses 4 of the 12 RHRSW pumps to supply the two EECW headers (two pumps per header)

j .) accordmg to the foHowing configuratwn;
i
'

Header Pump Pair

1

North A3.C3
! South B3,D3

The remammg eight pumps serve the RHRSW system. Four of these eight pumps may be valved into the

i Ef CW system if needet however, the RHRSW is considered to be a separate support system and is treated
1 indepeadently from the EECW system na Section 6.2.2.

Under worst-case condations such as exist follomma a LOSP transient, maximum design flow rates are
required at all three units result.ng in total stanos flom reqmrement of 99U0 spm. Smca cach pump is
designed to dehver approximately 4500 spm, three of four pumps assigned to EECW are necessary to
supply the EECW system design requirements.

The EECW system is normaHy in standby readiness with the A3, B3, C3, and D3 RHRSW pumps
ahaned to EECW service. The RHR$W pumps ahaned to EECW wiu automaticauy start on:

1. Low RCW header pressure.

2. Any time a diesel generator or core spray pump is started.

a. The two RHRSW pumps (B3 and D3) abgned to EECW and pomered from shut-
down boards in Units I and 2 edt start automaticany in less than 30 sec after
startma of a diesel generator or core spray pump in Uma I or 2.

b. The two RHRSW pumps (A3 and C3) ahaned to EECW and powered from sleut-
down boards in Umt 3 min start automaticauy in less than 30 sec after startang of a
diesel generator or core spray pump in Unit 3.

3. ECCS intiation signals of high drywen pressure ( + 2 pois) or low-low-low reactor vessel
mater level (-143.5 in.)in any unit (part of the core spray initiation logic).

4passaie.-The EECW system contnbutes to every event tree through its contribiation to RHR system
seal coolers and room coolers necessary for shutdown cochng or torus coolang. When offsete power is
available, this contnbution is small smce the raw coohng water system is normany used to supply these
loads. Under LOSP conditions, raw cooling water is unavadable and the EECW system fadure comanbutes
not only to RHR fadure but also to every AC powered system through its contribution to the loss of diesel
generator engine coohng.

.
Under LOSP condations, the EECW system becomes a major contributor to core melt fregues>

,

cies due to its effect on the unava !abihty of diesel generators and, therefore, au AC power. The EECWI

" system in this case represents a common mode fadure mechanism for AC power since au eight diesel
generators receive coolans froin EECW. Several steps could be taken to autigate its effects. Sec=h=nf
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the headers would allow the operators to keep some generators running if EECW flow was degraded
instead of the "all or none" situation. Aligning more RHRSW pumps to the EECW mode would also help.
It seems reasonable that the EECW system which requires automatic starting and running should have
more pumps dedicated to its headers than the manually initiated RHRSW headers which would normally
be operated later in the transient or LOCA sequence. This is especially true since the success criteria for the
EECW system are much more restrictive in required equipment and time available to recover from failure-

than for the RHRSW system.

- 6.2.4 Keep-Full System. The function of the keep-full system is to keep full of water the core spray
system Loops I and 2 and the RHR system Loops I and 2. The critical section of piping in both systems
(i.e., the piping that must remain full of water)is the section from the core spray /RHR pumps discharge
check valves to the normally closed core spray /RHR injection valves. Keeping this section of piping full of
water will ensure that no piping damage will result from water hammer upon core spray or RHR system
initiation.

Description-The keep-full system consists of two pumps, a head tank, and various valves and piping.
Figure 31 is a simplified diagram of the keep-full system. The head tank pumps water from the torus via
the core spray pump suction line and maintains head tank water level while pressurizing the system to
greater than 48 psig. The pumps automatically cycle on high and low head tank levels. The system head
tank has a capacity of 3090 gallons. When the system pumps are not running, the water levelin the head
tank maintains a static head of greater than 48 psig on the system by virtue of head tank elevation above
the system. This ensures that the associated core spray and RHR system piping is full and pressurized at all
times that the keep-full system valves are aligned to supply water to the associated core spray and RHR
loops.

App // cation-The keep-full system will be required to operate if gross leakage develops in the core
spray /RHR loops: (a) as a result of component rupture or operator error, or (b)if an operator inten-

- tionally drains a loop, in which case the associated keep-full system supply line should be isolated. In the
former case, the rupture or operator error causes loop failure regardless of the status of the keep-full
system. In order to intentionally drain a loop, the operator must violate a number of procedures and ignore
several indications and alarms in order to cause failure of the keep-full system. This operator action is.

incorporated in the test and maintenance contribution to the failure rates of the core spray and RHR
systeny. Since faults in the keep-full system will not disable the RHR or core spray system unless a fault in
the RHR or core spray systems has already disabled them, it is unnecessary to model keep-full system
faults.

6.2.5 Condenser Circulating Water System. The condenser circulating water (CCW) system is
designed to provide an efficient means of rejecting waste heat by providing flow to the condensers that
condense steam formed during the power generation cycle or following plant shutdown.

Description-The CCW system is designed to provide a flow of 630,000 gpm to the condenser during open
cycle operation and 30,000 gpm to the auxiliaries of each unit. The system consists of three pumps per
unit, each with a capacity of 220,000 gpm at a design head pressure of 32.5 ft. The full power requirements
of each generating unit are satisfied by that unit's respective erm of three CCW pumps. A simplified
diagram of the CCW system is shown a Figure 32.

Each of the three pump discharge lines are equipped with a 96-in. diameter motor operated butterfly
valve. The three discharge lines are brought together into a single culvert, whose cross section varies
throughout its length from an 18.5 ft in diameter circle to a 14.5 ft square. The CCW is carried to the con-
denser via this culvert. The condensei discharge passes to the discharge culvert and on to either the warm
water channel, the cooling towers, or the discharge diffusers.

The Unit I condenser is actually composed of three condensing units (I A, IB, and IC). Each condenser
unit is sersed by two inlet lines and two discharge lines. Each inlet and discharge line is equipped with a
motor-drisen flow control vahe. The CCW system is normally operating during plant operation; all valves
are normally open and all pumps are normally running.
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Figure 31. Keep-full system.
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App # cat /en-The CCW system operates during normal power operation. For this rea:on, CCW is not
required to change state in response to the LOCA or transient condition nor are componer ts of the system
required to change state or position. During normal power operation, three CCW pumps serve Unit 1.
Following scram, only one CCW pump is required to condense shutdown steam. A fault tree model of the
CCW system was not constructed since the CCW system is in operation during normal power operation
and the operational requirements in terms of CCW pump availability are less stringent following scram

*than they are during power operation, and since CCW may be obtained frem Units 2 or 3.

6.2.6 Raw Cooling Water System. The raw cooling water system (RCWS) furnishes cooling water to
various nonsafety-related in-plant cooling loads during normal operations. The purpose of the RCWS, as -

it relates to this analysis, is to remove heat from the RHR pump seals and room coolers under shutdown
conditions other than LOSP conditions. The RCWS is not a safety-related system nor does it interface with
any safety-related systems other than this interconnection with the R H5t pump seals and room coolers. The
purpose of this interconnection is to obviate the need for operation of the EECW system during normal

,

shutdown.

i

Description-The three-unit Browns Ferry plant has 11 raain raw cooling water pumps of which two are
spares. Units I and 2 are supplied by six raw cooling water (RCW) pumps with one common spare. Suc.
tion headers for Units I and 2 are interconnected. All of the RCW pumps discharge into a common
(three unit) cooling header system. Three pumps are required for each unit during normal operations.
Upon normal unit shutdown, there is still a need by that unit for at least one RCW pump for miscellaneous
cooling services. The RCWS pumps are supplied 4160 V power from the nonsafety-related unit buses.
Under LOSP conditions, the D spare pump can be manually connected to the Units I and 2 4160 V shut-
dow n Board A bus supplied by diesel Generator A. However, no credit is taken for this manual connection
for the LOSP transient. In the event the pressure in the RCW header that supplies the RHR cooling loads
decreases to a preset value, pressure switches sense the drop and start the EECW pumps. Figure 33 is a
simplified drawing of the RCWS.

Application-The RCWS can provide room and seal cooling for the long-term DHR functions of the RHR *

system during all LOCAs and transients where offsite power is not lost. For LOCA sequences, the EECW
i system automatically starts but the RCWS is also available. Therefore, for all sequences except the LOSP
j sequences, failure of room and seal cooling to the RHR system requires failure of both the RCWS and the -

EECW system.

6.2.7 Reactor Protection System Description. The RPS monitors key plant parameters in order to
protect against conditions that could damage the fuel or reactor pressure boundary integrity. The RPS

,

1 automatically initiates a reactor scram to preserve cladding integrity, protect the reactor coolant pressure
i boundary, minimize the energy that must be absorbed following a LOCA, and prevent subsequent
; recriticality.

Description-The RPS includes the sensors, relays, and switches that detect abnormal conditions and
initiate a rapid insertion of the control rods to shut down the reactor. The system consists of two independ-
ent trip systems (A and B) each hasing two automatically initiated scram channels (Al, A2, B1, and B2)
and one manual scram channel (A3 and B3). Scram initiation requires a trip of at least one channel from
each trip system. Power to each RPS trip system is supplied from an independent RPS bus fed by an AC-
to-DC motor generator. The RPS channels are designed to initiate a scram upon loss of power to the
system. Figure 34 shows RPS Channel A. Channel B is similar.

Application-The Browns Ferry RPS is very similar to the Peach Bottom system modeled in WASH-1400 -

and was not analyzed for this report. As mentioned in Section 2.9 of Appendix B, NUREG-0460 provided
the value for failure to achieve suberiticality (3 x 10-5 per demand). This value takes into account RPS
failures. For the majority of accident sequences, no mitigating systems other than the CRDH system -

required use of the RPS. For one case, transients where the PCS is available and the reactor subcriticality
systems fail, the RPT requires an input from the RPS. The value used for RPS failure in this case is the
1.9 x 10-6 value for common mode failures from WASH-1400. This value was chosen since it represents

| failures that would disable both the reactor suberiticality systems and RPT system.
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6.2.8 Equipment Area Cooling System. The equipment area cooling (EAC) system is not a system,
per se. In this analysis, the EAC system is considered to be the particular area fan, the associated cooler,
the cooling water interface with the cooler, and the power supply and control circuit for the fan.

Descr/pr/on-The EAC system is designed to cool the air in a specific area or room in the plant or to cool
* the air surrounding a specific component. This analysis determined that the only EAC system important

for correctly modeling front-line system response was that associated with each of the RHR pumps. That is
because the RHR pumps run for long periods in some modes of operation, while the remaining ECCS
pumps run for relatively short periods.-

Apa oer/en-The EAC system associated with each of the RHR pumps is required to run when the RHRn

system is aligned to the shutdown cooling or torus cooling modes of operation. In either of these modes,
the RHR pumps could be required to run for long periods (i.e., greater than 2 hours). Consequently, lack
of area cooling for the pump surroundings will ultimately lead to RHR pump failure.
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7. ACCIDENT SEQUENCE QUANTIFICATION

7.1 General Approach

Accident sequence quantification is a building block process. From the failure data and fault tree -

models, system unavailabilities can be calculated. The Boolean combination of systems from the systemic
event trees combined with the system unavailabilities yields the functional unavailabilities. Combinations
of functional unavailabilities and initiator frequencies produces accident sequence frequencies. Appen- .

dix C of this report describes in more detail the methodology for accomplishing this task. This section
presents a general description of this procedure.

7.2 Data Sources

Table C-4 of Appendix C provided the majority of the failure data for quantification of fault trees.
hiost of this information comes diret fly from the WASil-1400 report; since failure data were not available
for every component in the fault trees, other sources of data were occasionally used. Maintenance and
testing contributions to system / component unavailabilities w ere derived from information provided by the
utility company. A data summary table for each system appears in Appendix B, which describes the failure
data and their sources.

Iluman errors of omission were included where appropriate in the fault tree models for errors involving
test and maintenance, and those involving errors in response to an accident situation. Emergency operating
instructions were reviewed with regard to potential accident sequences to determine the required human
interactions with mitigating systems in response to the accidents. Section 3.2 of Appendix C describes in
more detail these operator response errors. Explicit human error models were developed based on the pro-
cedures found in NUREG/CR-1278. It was especially important to create these models for human error .

esents that affected multiple systems. For example, miscalibration of reactor vessel level switches could
result in failure of the CSBCs to be auto-initiated w hen required. These human error models can be found
in Section 4 of Appendix B. .

7.3 System Unavailabilities
.

l3 provided unavailability calculations based onThe Reliability Analysis System (RAS) computer code
the fault trees and failure data. The code calculates time dependent system unavailabilities using one
algorithm to generate minimal cut sets and another to evaluate the unavailability associated with these cut
sets. The code also ranks the cut sets from highest to lowest in terms of contribution to system
u nas ailability.

7.4 Sequence Frequencies

T he Boolean combination of systems combined with the sequence initiator produced the sequence fre-
quencies. These frequencies served as the basis for determining the candidate dominant accident'

sequences. The process includes:
.

l4
1. Accounting for commonalities between systems using the COMCAN 11 computer code

|
and special bounding techniques.

|
.

2. Accounting for success esents by recognizing w hen they can potentially be significant, and
| evaluating them.
t

3. Accounting for the effect of the initiator on the mitigating systems.
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7.5 Candidate Dominant Accident Sequences

Sequences from the systemic event trees with frequencies 3reater than 1 x 10-6 per teactor-year were
designated as candidate domiaant accident sequences. Appendix C presents each of the 11 candidate
dominant sequences and discusses the major contributors to the sequence frequency. The potential for.

recovery was considered for those sequences where the dominant contributors to sequence frequency were
recoverable. Recovery considerations required taking into account such factors as the amount of time
available for the recovery action, where the action must be taken, and what must be done to repair the.

fault. The candidate dominant sequence frequencies were requantified considering the potential for
recovery.

7.6 Example Calculation

B A s one of the dominant sequences that demonstrates the process of quantifyingiSequence T QR RU
sequence frequencies. Figure 35 is the systemic event tree that includes this sequence. Table 11 lists the
unavailabilities for the systems associated with this sequence. The sequence is initiated by a transient that
causes the PCS to be unavailable. Following a successful scram and relief valve cycling, the RCIC system
fails. The HPCI system operates to maintain reactor water level but the torus cooling and shutdown
cooling modes of the RHR system fail.

The unavailability of the mitigating systems for this sequence, Q(QR R ), is equal to the unavailabilityBA
of the Boolean combination of the systems making up the sequence. The bar over a system designator
indicates success for that system. A system designator 7ithout a bar indicates system failure. The term
CON 1( ) indicates the value of the commonalities between the systems indicated in parentheses. The
unavailability of the mitigating systems is 3.2 x 10-6 as shown below.

.

Q(QRB A} " O B A}

( Il= Q(Q n R A}~ B AB.

= Q[Q O (R N~B A

= Q(Q)Q(R I+ NB A B A

= Q(Q) Q(R A} +B

A+ I N= Q(Q)[Q(R NI I B AB
-5= (0.042)[(3.1 x 10' )(2.0 x 10' ) + 1.4 x 10 j

= 3.2 x 10 ,

where the Q in parentheses represents the RCIC system code.

The term CON 1[Q n RBnRA n (B U J U K U D)] accounts for the effect of the success of the
scram, relief valve, and HPCI systems on the failed systems. In this case, that effect is negligible. The term

B n R ) accounts for commonalities between the RCIC, torus cooling, and shutdown cool-CON 1(Q n R A
B n R ) accounts for commonalitiesing modes of RHR. This term is also negligible. The term CON 1(R A

between torus cooling and shutdown cooling modes of RHR. This term is not negligible and has a value of
,

d1.4 x 10 . It consists of common minimum-flow bypass valve faults and common support system faults.
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Table 11. Transients where the PCS is unavailable

System
Designator System System Unavailability

B CRD Q(B) = 3.0 x 10-5

J Relief valves (opening) Q(J) = 7.2 x 10-9*

K Relief valves (closing) Q(K) = 5.7 x 10-2

Q RCIC Q(Q) = 4.2 x 10-2

D fiPCI Q(D) = 4.4 x 10-2

V Manual depressurization Q(V) = 3.0 x 10-3

Fg Core spray Q(F ) = 6.6 x 104B

Q(G ) = 1.1 x 10-4GD LPCI D
'

W Condensate Q(W) = 7.0 x 10-3

X SBCS Q(X) = 4.2 x 10-2

The sequence frequency P(T QR R )is then equal to the product of the initiator frequency F(T ).U BA U
and the unavailability of the mitigating systems Q(QR R ). The initial sequence frequency is 5.5 x 10-6BA,

per reactor-year as shown below.

P(T I" IO IU BA U BA
-6

= (1.7)(3.2 x 10 )

-6
= 5.5 x 10

shutdow n cooling is reduced from 7.6 x 10}R R ) to 2.4 x 10-6. The unavailability of torus cooling and
Considering recovery options reduces Q( BA

- to 5.7 x 10-5, while the unavailability of RCIC is unchanged
since the majority of its faults are not recoverable. The mitigating system unavailability then is the product
of RCIC unavailability, Q(Q), and the unavailability of torus cooling and shutdown cooling considering
recovery, Q(R RB A considering recovery). This value is 2.4 x 10-6 as shown below.

Q(QR R ) = Q(Q)Q(R #" #' "E '## **'YIgg BA

= (0.042)(5.7 x 10' )

= 2.4 x 10'
'

|
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1

The final sequence frequency is the product of the initiator frequency F(Ty) and the unavailability just
4der;ved, Q(QRgR ). Thus, the final sequence frequency P(T QR R )is equal to 4.1 x 10 per reactor-A U BA

year as shown below.

P(T QR R ) = F(T MQR R IU BA U BA
-

| = (1.7)(2.4 x 10 )
!

= 4.1 x 10 .
.
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8. RESULTS

8.1 General

The quantification of the systemic event trees resulted in 11 candidate dominant sequences. Each of-

these sequences had an initial frequency value greater than 1.0 x 10-6 per reactor-year. The final value for
*

each sequence consisted of the initial frequency modified by potential recoverability. Table 12 lists these
1I sequences giving the initiator, initial frequency, and final frequency..

8.2 Dominant Sequences

The dominant sequences appear in Table 13. These eight sequences all have final frequencies greater
than 1.0 x 10-6 per reactor-year. Six of these sequences are transient sequences, while the other two are
transient-induced LOCAs. Six of the sequences involve failure to remove long-term decay heat from the
reactor, while two involve failure to acheive suberiticality. A general discussion of these sequences is
presented in the following sections; a more detailed treatment can be found in Section 4.2 of Appendix C,
which includes a systemic event tree representation of the sequence as well as a graphic display of the
dominant contributors to the sequence frequency.

8.2.1 Transients Without PCS and with DHR Failure (T R R ). In this sequence, a transientUBA
occurs that renders the PCS unavailable as a heat sink for the reactor. A reactor scram occurs and the

Table 12. Candidate dominant sequences

*

Frequency
(per reactor-year)

'

Initiator Designator Initial Final

1.2 x 10-5 9,3 x go-6Transient-induced LOCAs TKR RBA

8.3 x 10-5 1.6 x 10-6LOSP-induced LOCAs TpKR RBA

2.5 x 10-6 8.7 x 10-8TpKDF GBD

TRRUBA 1.3 x 104 9.7 x 10-5Transient with PCS unavailable

5.5 x 10-6 4,g x go-6T QR RBAU

TB 5.1 x 10-5 5.1 x 10-5U

T QDV 9.2 x 10-6 5.5 x 10-7U

T BM 3.7 x 10-6 3.7 x 10-6Transient with PCS available A.

1.5 x 10-3 2.8 x 10-5LOSP TpR RBA

6.2 x 10-5 1.2 x 10-6
'

TpQR RBA

TpQDF GBDX 1.2 x 10-6 3.6 x 10-8
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Table 13. Dominant sequences

Frequency

Initiator Designator (per reactor-year)

.

9.7 x 10-5TRRUBATransients without PCS

TB 5.1 x 10-5Transients without PCS U ,

J

2.8 x 10-5j LOSP TpR RBA
i

9.3 x 10-6Transient-induced LOCA TKR RBA

4.1 x 10-6Transients without PCS T QR RBAU,

T BM 3.7 x 10-6Transients with PCS A ,

.

1.6 x 10-6LOSP-induced LOCA TpKR RBA

1.2 x 10-6LOSP TpQR RBA

i nuclear chain reaction is stopped. As reactor decay continues to add heat to the coolant, reactor pressure
increases until the relief valves open. Steam from the reactor is passed to the torus to reduce reactor
pressure. Once pressure drops below the relief valve setpoints, the valves reclose until pressure increases

'

| again. This process is repeated until action is taken to remove decay heat by another means. Since the main
condenser is not available as a heat sink, the MSIVs automatically shut to prevent excessive loss of reactor
water inventory. Following this action, the RCIC system automatically starts to replace the inventory lost

*

during relief valve operation. At this point, the reactor decay heat is being trans erred to the torus waterT

either by relief valve action or by operation of the RCIC system. However, the RHR system is the only
7
; system capable of removing the decay heat. Its failure causes the torus water temperature to increase until

it can no longer be used to replace the lost reactor coolant inventory or condense the steam from the RCIC
turbine discharge. As a result, the ECl systems will be unable to replace lost coolant, and vessel vater level
will decrease until core uncosery occurs. A core melt will then occur.!

The RilR system can provide the DilR function in either the torus cooling mode or the shutdown cool-
ing mode. Torus cooling is the normal mode for this sequence. Both modes must be inoperable in order for
the DilR function to fail. The unasailability of the shutdown cooling mode is dominated by control circuit
faults of the three suction valves, resulting in the valves failing to open. These faults account for 84r, or
the 1.9 x 10-2 unavailability for shutdown cooling. Torus cooling unavailability is dominated by operator *

failure to initiate the system and combinations of control circuit faults of RilR and RHRSW system
motor-operated valses. The unavailability of both modes is 7.6 x 10-5 and is dominated by combinations
of control circuit faults. The minimum-flow bypass valves failing to close account for approximately 18Co

of the 7.6 x 10-5 unavailability for both systems.
,

*

There are approximately 6 to 8 hours available for the operators to take corrective action for this
sequence before core melt occurs. This estimate is based on the time it takes to deplete the CST and heat
the torus water to a temperature that presents the RCIC system from pumping the water, assuming no con-
tainment back-pressure.15 There are two paths the operators may pursue to prevent a core melt. One path -

involses recovering the PCS as a heat sink for the reactor. The other involves recovery of the RilR system
in torus cooling or shutdown cooling modes.
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The ability to recover the PCS depends upon the transient initiator. Some initiators may be easily
bypassed or repaired while others may not. For example, if a loss of feedwater flow were caused by a fault
in the automatic level controller, the operator could manually control the flow after opening the MSIVs. If
the loss of feed flow were due to a mechanical failure of the pumps, then recovery would be unlikely within
the time of this sequence. No credit for PCS recovery was considered since there is inadequate information
available on which to base a probability of recovery..

Since the dominant contributors to failure of both the torus cooling and shutdown cooling modes are
control circuit faults, it is possible that the operators could either bypass the faulty control circuits or,

operate the valves manually. During the Browns Ferry fire of March 1975, the operators demonstrated the
ability to improvise a fix on the relief valves so they could be operated. The final sequence frequency of
9.7 x 10-5 per reactor-year reflects recoverability of control circuit faults.

,

8.2.2 Transients Without PCS and with RS Failure (T B). In this sequence, a transient occurs thatU
causes the PCS to be unavailable as a heat sink, for the reactor liowever, an insufficient number of control
rods insert to make the reactor suberitical. As a result, the reactor continue to g-nerate considerable heat
depending upon the number and location of control rods that fail to insert. Because the reactor has been
isolated from its normal heat sink, pressure rises until the relief valves open and begin to pass steam from
the reactor to the torus. The rate of inventory loss due to relief valve action in this case is higher than the
makeup capacity of the high pressure systems. Therefore, water level steadily decreases until core uncovery
and core melt occur.

The CRD system unavailability, taken from NUREG-0460, is 3.0 x 10-5. As noted in NUREG-0460 and
i WASil-1400, the exact number of rods that must fail to insert and the position and relative location of
I those rods is not easily calculated and is considered to be beyond the scope of this analysis. Therefore, the

NUREG-0460 value of 3.0 x 10-5 was used in lieu of a specific evaluation by the Browns Ferry IREP team.

For this sequence, there is very little time for the operator to take recovery actions. No credit is given for.

operator recovery during the first 5 min of a transient or LOCA. Furthermore, the actions available for the
operator are neither clearly defined nor easily quantifiable. Therefore, the final sequence frequency of
5.1 x 10-5 per reactor-year takes no credit for operator recovery actions.

,

8.2.3 Loss of Offsite Power with DHR Failure (TpR B A). After a LOSP, a reactor scram occurs.R
The relief valves open to relieve the reactor pressure increase caused by the turbine trip without bypass that
follows a LOSP. The relief valves successfully reclose and the MSIVs isolate the reactor from the con-
denser. The RCIC system maintains reactor water level. Subsequently, the RilR system fails to remove the
reactor decay heat. A sustained loss of RilR cooling will cause torus water temperature to increase until
the ECI systems are incapable of pumping the torus water. Water level will decrease and core uncovery will
then occur, followed by core melt.

The dominant contributors to RilR unavailability for this sequence fallinto two groups: EECW related
faults and non-EECW related faults. Failure of the EECW system to provide its required cooling will even-
tually result in a loss of all diesel generators. The dominant contributors to the EECW system unavail-
ability are combinations of two or more diesel generators failing to start. The non-EECW faults result in a
direct failure of the RHR system to provide cooling. These faults are also dominated by combinations of
diesel faults (three or more failing diesels, not necessarily the same as those for EECW failure).

There are several factors involved in RilR recoverability for this sequence. Given successful RCIC.

operation, at least 6 to 8 hours are available for the operator to take action to recover the RHR system.

One potential recovery option is the restoration of offsite power. Figure 1116-4 of WASH-1400
,

indicates that offsite power can be recovered 97'*o of the time within 6 to 8 hours. The restoration of off-
site power changes the DHR unavailability from 4.9 x 10-2 to 7.6 x 10-5,

|
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Another potential recovery option is for the operator to manually start and valve into service additional
RilRSW pumps to the EECW headers to provide the necessary cooling. The operator cauld also act to
isolate nonessential EECW loads so that the flow from less than three of four pumps would still be suffi-
cient. Flow from two of four pumps provides 91% of rated flow so that judicious isolation of other loads
might allow two of four pumps to provide the required flow.

*

The operator could also attempt to restart diesel generators that have initially failed to start. However,
the success or failure of such action depends largely on the original cause of the failure to start. No credit is ,

taken for this action.
.

The final sequence frequency takes into account the probability of failing to recover offsite power and
the probability of failing to recover the EECW system. It does not reflect any credit for restarting diesel
generators. The final sequence frequency is 2.8 x 10-5 per reactor-year.

8.2.4 Transient induced SORV with DHR Failure (TKRgR ). The transient-induced SORV occursA
when any transient (except a LOSP, which is covered separately) resuits in a reactor scram, relief valve
opening, and a failure of one or more relief valves to reclose. This action is similar to an intermediate
steam break in all but two respects. First, the steam discharges directly to the torus; consequently, there is
no drywell pressure increase and, therefore, no high drywell initiation signal for the ECl systems. Second,
because the steam goes directly to the torus, the SCI function of the intermediate steam break tree is not
applicable.

Following the transient-induced SORV, the llPCI system successfully operates to maintain reactor
water level. In this case, the HPCI systems actuate on low level. Subsequently, the RHR system fails to
remove the reactor decay heat. This failure allows torus water temperature to rise to the point where the
llPCI system can no longer pump the torus water back to the reactor to maintain level. Consequently, core
uncovery occurs and a core melt ensues. The dominant contributors to RHR system failure in this sequence
are the same as that for sequence T R RUBA discussed previously in Section 8.2.1. Likewise, the
recoverability factors are essentially the same for this sequence. The final sequence frequency is 9.3 x 10-6

-

per reactor-year.

8.2.5 Transients Without PCS and with RCIC and DHR Failure iT QR R ). This sequence is the -

U BA
A n Section 8.2.1 except that the RCIC system fails to operate to maintain reactor wateriU nRsame as T R

level. Instead, the HPCI system operates to maintain level. Subsequent failure of torus cooling and shut-
down cooling eventually causes a core melt. The most dominant contributor to RCIC failure is rupture
disk failure in the drive turbine steam exhaust line. Should one of these two disks rupture, a pressure switch

signal will be generated that isolates RCIC.

The recovery factors for torus cooling and shutdown cooling are the same as in sequence T R RU B A.
;

6Thus, the final frequency for this sequence is 4.1 x IT per reactor-year.

8.2.6 Transient with PCS and with RS and RPT Failure (T BM). For this sequence, a transientA
occurs that does not directly cause a failure of the PCS system. liowever, an insufficient number of control
rods insert to stop the nuclear chain reaction. Therefore, reactor power remains high. If the recirculation
pumps are tripped, then the reactor power level will be reduced to within the capacity of the bypass valves

! to remove heat to the condenser. Failure of the RPT feature allows reactor power to remain above the

| by pas vahe capacity. Therefore, reactor pressure increases and the relief valves open to dump the excess
steam into the torus. As a result, torus water temperature rapidly rises until the water can no longer con-

dense the steam. Since the steam adJed to the torus is not condensed and returned to the reactor via the
*

PCS system, the water supply to the feed pumps rapidly decreases until the feed pumps trip. Subsequently,
reactor water lesel rapidly drops until core uncosery occurs and core melt ensues. The dominant con-

'

tributor ta this sequence is a reactor protection system (RPS) failure that prevents actuation of a reactor ,

scram or a recirculation pump trip. The operator could manually initiate these actions. However, the time
avahble for the operator to take these actions is sery short, and the final sequence frequency takes no
credit for such action. The final sequence frequency is 3.7 x 10-6 per reactor-year.
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8.2.7 LOSP Induced sORV and with DHR Failure (TpKRgRA). The phenomenological effects of a
LOSP induced SORV are identical to those described in Section 8.2.4 for a transient induced SORV. The
differences in the sequences lie in the frequency of occurrence and the unavailabilities of the mitigating
systems due to the LOSP.

The dominant contributors to DHR unavailability for this sequence are identical to those for the LOSP*

with DHR failure (sequence TpR R ) discussed in Section 8.2.3. The potential recovery actions for thisBA
sequence are the same as sequence TpR RB A. Applying these recovery factors results in a final sequence
frequency of 1.6 x 10-6 per reactor-year.-

8.2.8 Loss of Offsite Power and with RCIC and DHH Failure (TpOR R ). This sequence is theBA
sameasTpR RB A except that the RCIC system fails to operate to maintain reactor water level. Instead, the
HPCI system operates to perform this function. Sub;equent failure of torus cooling and shutdown cooling
lead to a core melt.

The recoverability factors associated with torus cooling and shutdown cooling are the same as the
sequence TpR RB A. Therefore, the final frequency for this sequence is 1.2 x 10-6 per reactor-year.

8.3 Containment Response and Release Categories

8.3.1 Introduction. The dominant BFI core melt sequences are listed in Table 14 along with the
applicable containment failure modes. The accident processes, timing of core melt, containment failure
modes, and consequences of fission product releases to the atmosphere for these sequences have been
estimated based primarily on previous analyses for other BWRs. Previously analyzed BWRs include the
Grand Gulf and Peacn Bottom plants. The Peach Bottom plant, which was also analyzed in WASH-1400,
is quite similar to BF1, and many of the present conclusions regarding BFI are based on these analyses. In
addition, a few MARCH code 16 calculations were performed specifically for BFl. However, no-

plant-specific CORRALI7 calculations were undertaken.

The containment failure modes (a, y, and y') listed in Table 14 for the various sequences are the same as.

those employed for the BWR in WASH-1400, Appendix I, Section 2.2. The notations for the fission pro-
duct release categories are also the same in WASH-1400, the probability of containment overpressure
failure in the event of core meltdown was found to approach unity. Failure with direct release of the
radioactivity to the atmosphere was assessed to occur about 20ro of the time (y' - 0.2); in the remaining
cases () - 0.8), fission products were released into the annular region between the drywell liner and the
concrete wall. Release to the atmosphere via the annulus results in additional fission product removal,
which reduces the accident consequences. Fission product deposition in this annulus was intended to
represent removal by passage through secondary containment structures.

The probabilities of release directly to the atmosphere and through the annulus were based in
WASil-1400 on an analysis of the layout and structural strength of the building enclosing the wetwell or
torus. No such analysis is available for BFl. Thus, the relative magnitudes of the y' and y probabilities for
BFI are uncertain.

The probability that a steam explosion in the reactor vessel causes containment failure is assessed in
Table 14 to be n = 0.01 for LOCAs and a = 0.0001 for transients. The higher value is identical to that in
WASH-1400. The lower 5alue is based on recent research that indicates steam explosions are suppressed at
high system pressures. Thus, for cases in which core meltdown occurs with the primary system at high
pressure, steam explosions are assessed to be less likely.

.

Table 14 contains no assessment of the consequences of containment isolation failure or failures of the
standby gas treatment system. These containment failure modes did not contribute significantly to the
WASH-1400 consequences, and are thus judged not likely to contribute significantly to the risk associated
with the core melt sequences in Table 14.
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Table 14. Dominant sequences versus containment failure modes

i

Containment Failure Mode Frequenciesa

y' y| Sequence Frequency a .

9.7 x 10-5 9,7 x go-9 g,9 x 10-5 7.8 x 10-5| TRRUBA
; .

TB 5.1 x 10-5 5.1 x 10-5 g,o x 10-5 4,3 x 10-5i U

2.8 x 10-5 2.8 x 10-9 5.6 x 10-6 2.2 x 10-6) TpR RBA
i

9.3 x 10-6 9.3 x 10-8 g,9 x 30-6 7,4 x go-6TKRgRA

4.1 x 10-6 4,3 x 10-10 8.2 x 10-7 3.3 x 10-6T OR RBAi U

T BM 3.7 x 10-6 3.7 x 10-10 7,4 x go-7 3,o x 10-6A

! TpKRg3 A 1.6 x 10-6 1.6 x 10-8 3,2 x go-7 1.3 x 10-6R

1.2 x 10-6 1.2 x 10-10 2.4 x 10-7 9.6 x 10-7TpQRgRA
i

Final 2.0 x 10-4 1.3 x 10-7 3.9 x 10-5 g,7 x go-4

a. Probabilities of containment failure modes: i

(in-vessel steam explosion) 0.01 (LOCAs)i a =

0.0001 (transients)(in-vessel steam explosion)i a =

y (release through annulus) 0.8=
*

3' (direct release to atmosphere) 0.2.=

i

All containment failure modes of dominant sequences fell into WASil-1400 release categories as
,

1 follow s: o- 1, y' - 2, ) - 3. Other release categories versus failure modes are possible for y and
1

i y' modes. but none of these sequences were dominant.

The core melt accidents in which containment failure occurs with direct release to the atmosphere
(y' cases) fall into three categories. The most sesere accidents (i.e., those with the greatest fission product
releases) are those in which core meltdown occurs while the pressure suppression pool is ineffective in
scrubbing fission products. This generally occurs for meltdown sequences in which the DIIR systems fail.
In accident sequences in w hich the suppression pool temperatures remain low, significant scrubbing of fis-
sion products may occur. These accidents generally involve early failure of the primary coolant makeup
system. Other types of meltdown accidents, including those that involse failures in the reactor shutdown
system, are discussed in more detail below.

[
8.3.2 Failure of Decay Heat Removal System. In a transient or LOCA in which the DilR systems

,

fail, water makeup to the primary system can generally be maintained initially by injection from the CST.
If the operators choose to maintain sufficient makeup to just compensate for decay heat boiloff, the CST
will empty (135,000 gallons assumed injected) after about 15 hours.a The operators would then be

,

; *

I a. The accident timing n obtained from a MARCit cateulation for a transient with DilR failure. The timing for LOCAs could be
somewhat shorter. For large t OCAs the supprewion pool temperature would be 20 to 30T greater due to heating by the primary
miem blowdown at the time of depletion of the CST. Thus, for some i OCAs ECC pump casitation may be concurrent with switch
oser to injection from the supprewion pool.

|
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expected to switch to injection of water from the suppression pool. However, in the absence of DHR,
h1 ARCH calculations indicate the suppression pool temperature would be increased to about 200*F and
the containment pressure to 21 psia. TVA systems analysts said that BFI measurements show ECI pump
cavitation will occur if the suppression pool temperature exceeds 185 to 190*F with the containment at
I atm. These measurements imply pump cavitation is likely if the subcooling of the suppression poolis less
than.

TSAT - TPOOL = 212 (185 to 190) = 17 to 12*F.
.

At 21 psia, the suppression pool is 30*F subcooled at the time of switch over to ECI injection from the
suppression pool. Thus, pump cavitation is unlikely at this time even though the pool temperatures exceed
the 185 to 190'F range. h1 ARCH calculations were performed in which ECI pump cavitation (failure) was
assumed when the subcooling fell below 10'F. ECI failure occurred for this case at 21.7 hours with the
containment at a pressure of 27.3 psia and the suppression pool at 235'F. With no primary system
makeup, the core starts to uncover at 25.6 hours and core melting at 26.2 hours. Containment over-
pressure failure (180 psia)is predicted to result from the release of steam and hydrogen from the primary
system, which accompanies bottom head failure at about 27.7 hours.

CORRAL calculations indicate a BWR Category 2 release for this sequence for direct release to the
atmosphere, and a Category 3 release for release through the drywell annulus. (Note: Release categories
are defined in WASH-1400.) No credit is given in these release calculations for potential scrubbing while
the suppression pool is saturated or after the containment fails.

8.3.3 Failure of Primary Coolant Makeup. Accidents develop quickly in which there is no primary
coolant makeup following a LOCA or transient. For a large LOCA, core melting may start in several
rninutes. For a transient with boiloff through the safety valves at a nominally constant pressure of
1100 psia, core melting is delayed until about 100 min. The suppression pool will remain well subcooled in
these accidents even in the absence of DHR (RHR failure), so there is significant scrubbing of fission

.

products in the pool as long as the containment remains intact.

For LOCAs, h1 ARCH calculations indicate containment overpressure failure shortly after bottom head
,

melt through. For transients, h1 ARCH indicates containment failure is delayed a few hours after bottom
head failure. Because of the delayed containment failure, significant scrubbing of the fission products
released during the concrete melting phase of the accident could take place. For the LOCAs, the fission
products released during the concrete melting phase are not scrubbed because of containment failure. hiost
of the fission products released during the core heatup and meltdewn phase of the accident are scrubbed by
the pool for both LOCAs and transients. The difference in timing of containment failure results in BWR .
Category 3 releases for LOCAs and Category 4 releases for transients for direct containment leakage to
the atmosphere. For release through the annulus, Category 4 releases are predicted for both LOCAs and
transients.

The difference in timing of containment failure for transients and (pipe-break) LOCAs is due to the
presence of water on the drywell floor and, consequently, in the reactor cavity for LOCAs.a Rapid
vaporization of this water by the molten debris following bottom head melt through results in a pressure
spike that is likely to produce containment failure. For transients, there is generally little water in the reac-
tor cavity because the primary system blowdown is released in the wetwell and condensed directly in the
suppression pool. However, operation of building coolers and sprays in the drywellincreases the amount
of water on the drywell door for transients A h1 ARCH calculation that considered drywell building cooler
operation indicated insufficient accumulation of condensate on the drywell floor to threaten containment
upon vaporization. Use of the RHR in a drywell spray mode could add sufficient water to the drywell floor
that the subsequent pressure generation could threaten containment. However, operation of the contain-
ment spray is generally inconsistent with the assumed unavailability of primary system makeup. Thus, for

,

a. llattelle-Columbus Iaboratories has not been able to definitisely establish that water enters the reactor cavity for BFI LOCAs.
However, this is beliesed to be the case for the similar Peach Bottorn plant.
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the ECl and VWI sequences, the containment spray is taken to be inoperative, and would not provide a
means of placing water on the drywell Door. Thus, only LOCAs are likely to have s.gnificant water
accumulation on the drywell floor.

8.3.4 Failure of Reactor Shutdown System. Following failure of the reactor (suberiticality) shut-
down system, changes will occur in the core fuel temperatures, the water temperature in the core, and the ,

steam or void fraction due to coolant boiling. Due to these changes (which naturally affect neutron kinetics
and reactisity) the core power level will change. The subsequent core behavior is sensitive to the actual
power level achieved. For the transient analyzed in WASii-1400, the core power level was calculated to

,

stabilize at about 30ro of rated power. Under steady state conditions, the BFI high pressure injection
system can provide sufficient makeup to compensate for the coolant boiloff at power levels up to about
25r . Thus, at a 30re pcwer level, there would be a net coolant loss from the system and core uncoveryo

would eventually occur. Ilowever, even in the situation wher.: adequate makeup is initially provided, ECI
failure would be expected to occur relatively quickly. This occurs because, for high core power levels, the
RIIR system is unable to prevent rapid heatup of the suppression pool. Thus, safety pumps taking suction
from the suppression pool may fait due to cavitation as discussed previously for sequences involving failure
of the DilR systems. Altert'atively, the pumps may fail following containment failure due to pool
overheating.

A MARCil calculation for a transient with a sequence similar to that discussed above indicates R11R
failure at 24 min at a suppression pool temperature of 252*F and a containment pressure of 28 psia. ECl
failure follows shortly at 27 min wben the injection switches from the CST to the suppression pool. Core
uncosery starts at 28 min and core melting at 46 min. Containment failure is predicted shortly after bot-
tom head failure. Ilecause of the high suppression pool temperatures, little fission product scrubbing is
expected. The fission product releases fall into llWR Categories 2 and 3, depending on whether release
occurs directly to the environment or through the annulus. These results and accident behavior are similar
to those discussed under failure of the DilR systems. The accident timing is greatly accelerated however.

'

llattelle-Columbus Laboratories has not made neutron kinetics calculations for LOCAs involving
failures of the shutdow n system. Thus, for 1.OCAs, an equilibrium or steady-state core power level similar
to that for transients is not known. A similar behavior would be expected. In any case, assumption of a

*
behasior similar to that for transients would conservatively place their fission product releases in the llWR
release Categories 2 and 3. Since the ! OCAs contribute little to the cases involving reactor shutdown
failure, this assumption has insignificant impact on the overall consequences.

8.4 Engineering Insights

in the course of performing this analysis, many engineering insights were gained. Some are significant
with respect to the frequency of core melt while others are significant only on a systemic lesel and have no
affect on other systems. This section details some of the insights judged to be important by the BFI 1 REP
team.

8.4.1 Core Melt Frequency Versus Initiators. Figure 36 is a plot of the core melt sequences with fre-
4quencies preuer than 1.0 x f 0 per reactor-year sersus the sequence initiators. The values plotted are fre-

quencies without recos ery included. From this plot it is easy to see that tran;ient core melt sequences occur
more frequently than transient-induced SORV sequences and 1.OCA sequences. Furthermore, within the
LOCA sequences, small break-initiated core melt sequences base higher frequencies than intermediate or

'

large break sequences.

These findings are sery significant. They indicate that the risk of core melt is orders of magnitude more
likely from transients or small LOCAs than from larger LOCAs. -
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Figure 36. Core melt sequence frequencies versus initiators (recovery actions not considered).
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I

S.42 Core Melt Frequency Versus Failed Function. Figure 37 is a plot of core melt sequenccAversus
failed function. As with Figure 36 the frequencies plotted do not include recovery values. Again it is easy
to see that core melt sequences resulting from DH R failure are more frequent than those caused by reactor
suberiticality failures and those caused by ECI/VWI failures.

'These findings are also significant. They indicate that the risk of core melt from failures of the RHR ,

system is much higher than from failures of either the scram or injection systems. In fact, DHR failures
account for about 73% of the sum of the final dominant sequence frequencies. The remaining 27% were
failure to scram sequences and none were sequences involving failure to inject. This indicates that the RHR ,.

and scram systems are the two most important systems with respect to core melt frequency and that no
significant improvement in the overall core melt frequency can be achieved without first improving the
reliability of these two systems.

8.4.3 RHR System Contribution. Since 73% of the sum of the final dominant sequence frequencies is
dite to sequences involving RHR failures, it is appropriate to discuss this system further. In actuality, there
are two different modes of RHR that must fail in order to cause failure of the long-team decay heat
removal function.

One might expect that the unavailability of both the torus cooling and shutdown cooling modes of the
RHR system w ould be quite low due to the built-in system redundancy. Indeed, the unavailability of torus
cooling and shutdown cooling is 7.6 x 10-5 (before considering recovery). This factor is offset by the fact
that, for any LOCA and many transients, the probability is unity that the RHR system alone will be
required to perform the long-term decay heat removal function. Therefore, no matter what combination of
systems succeed in providing the scram, overpressure protection, and ECI or VWI functions, the RHR
system in either the torus cooling or shutdown cooling mode will be required to function in order to
prevent a core melt from occurring.

In the absence of another means of removing decay heat, the RilR unavailability deserves additional ,

attention. At first glance, the arrangement of four separate pump and heat exchanger combinations (two
of w hich are needed for torus cooling and only one for shutdown cooling) would seem to provide the multi-
ple redundancy necessary to limit the unavailability of torus cooling and shutdown cooling. The fact that

,

they utilize different discharge paths would also tend to support this conclusion.

Ilowever, the four-loop redundancy is compromised by combining the pump discharges into two
discharge paths. Thus, failure of any pair of two valves in opposite discharge paths negates the pump

' redundancy. Furthermore, failure of the minimum-flow bypass valses for the two paths poses a common
failure mode for both torus cooling and shutdown cooling. This tends to negate the apparent redundancy
of the discharge paths presiously noted.

.

Unlike the torus cooling mode that has two separate suction paths, the shutdown cooling mode has only
onef in that path, failure of any one of three valves to open disables the entire shutdown cooling mode.

,

This is the reason that shutdown cooling unavailability is approximately an order of magnitude higher than
torus cooling unavailability.

Together these factors tend to reduce the apparent redundancy of the two modes of RHR operation.
Therefore, instead of two systems with low unavailabilities being combined (as in core spray and LPCI)
two systems with higher unavailabilities and several commonalities are combined. The result is an
unavailability for these two modes that is not as low as might be originally expected. ,

. In order to reduce the frequency of the sequences involving RHR failure, there appears to be at least
three choices:

,

l. Ensuring the PCS is available with a high reliability.

2. Changing the RHR system to climinate those factors previously mentioned that
compromise the four pump and heat exchanger redundancy.
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3. Designing a separate system capable of removing reactor decay heat.

None of these apparent remedies would be easy or inexpensive. However, it is apparent from the domi-
nant sequences that no significant reduction in the core melt frequency will occur without some change that'

reduces the probability of DHR failure.

'

8.4.4 HPCI and RCIC Unavailabilities. The dominant contributors to the unavailabilities of the HPCI
and RCIC systems are the rupture disks. Although only two of the dominant sequences involve failores of
the HPCI or RCIC systems, this failure mode is significant for another reason.

,

The rupture disks were installed as a backup to the normal turbine trip features to prevent turbine damage
due to high exhaust pressure. In order to damage the system in this manner, two failures must occur: a flow
blockage in the exhaust line and failure of the turbine to isolate on a high exhaust line pressure signal. Under -
these conditions, the rupture disks are designed to break to provide a depressurization path for the exhaust
line.

i

It appears as if the designers recognized the potential for system failure if one rupture disk were to fait
prematurely. Therefore, two disks in series were provided. Then, as a means of verifying disk integrity, a
pressure deteuar was located between the disks. This detector was used to generate a turbine isolation
signal upon failure of the first disk as an added safety precaution.

Routine operation and testing of these systems often leads to fatigue failure of the first rupture disk and
subsequent turbine isolation. Therefore, the condition currently exists where a backup equipment protec-
tion feature (which is not even required until two other independent failures have occurred) is spuriously
isolating a front-line system when no such isolation is necessary. In addition, this spurious isolation
constitutes the dominant failure mode for these two systems.

For the HPCI system, an additional 25% of that system's unavailability is due to required testing. This'

*

particular value is significantly higher than the testing and maintenance contribution of any other system
analyzed. The relatively high HPCI unavailability (compared to other front-line systems) makes the testing
contribution even more significant. It appears that the testing schedule and the testing effect on system4

operabilit: should be reviewed to ensure that the optimum reliability is being achieved. -

8.4.5 EECW Unavailability During a Loss of Offsite Power. Under most transient and LOCA
i

sequences, the EECW unavailability is not a significant contributor to the core melt frequency. However,'

under LOSP conditions EECW failure contributes significantly as a common mode failure of all the diesel
generators and, therefore, all AC powered systems.

There are three dominant sequences where EECW failure contributes to mitigating systems
unavailabilities. As noted in the sensitivity analysis and the sequence evaluations in Appendix C, EECW
failures do not contribute significantly to the dominant sequences when recovery factors are considered.
EECW recovery actions essentially consist of providing additional EECW flow from standby pumps via
cross-connect piping. In the event that flow from three of the four EECW pumps is not available, the
operator can readily align the RHRSW Cl or C2 pump to the EECW north supply header by opening a
motor-operated flow control valve (FCV-67-49) from the main control room.

However, it would appear to be a better engineering practice not to rely on the recoverability of the
EECW systems as a means of minimizing its impact on these sequence frequencies. Instead, methods of
minimizing its impact without considering later recovery would seem to be more judicious. It appears that -

sectionalizing the headers and/or aligning more pumps to automatically supply the EECW headers are
among the most likely candidates for such an effort. The D pumps can be aligned to the EECW south sup-
ply header by opening a motor-operated valve (FCV-67-48); howeser, the technical specifications require -

that at least one of the DI or D2 pumps be available as the SBCS system pump. In order to use the
Di pump for EECW supply, the discharge header cross-connect valve (563) would have to be closed. This

,

i
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valve is a normally open manual valve remotely located at the pumping station. By keeping the valve (563)
closed, the RHRSW DI pump could be used for EECW supply and the D2 pump could be used for
RHRSW or SBCS if needed.

8.5 Uncertainty Analysis
,

Uncertainty analyses were performed on the dominant accident sequences. The h10 CARS computer
code 18 was used to perform a hionte Carlo simulation of system unavailabilities based on basic event.

information and the system cut sets. The lognortual distribution was used as the distribution for each basic
event and for the initiating events. The resulting system distributions were then combined and analyzed to
produce the sequence values. Error factors were obtained by dividing the value of the distribution at the
95% quantile by the point estimate. The analyses included h10 CARS runs on the initial and final sequence
frequencies. The sum of the initial sequence frequencies and the sum of the final sequence frequencies were
also analyzed. Table 15 summarizes the analysis results.

Appendix C presents insights on the uncertainty analysis in detail. The following list summarizes the
major points.

1. A relatively high error factor of 10 was used for control circuit faults since their
unavailability estimates were based on generic models. A h10 CARS evaluation of the
generic control circuit model substantiated the conservative nature of this assumption.
Since control circuit faults have a dominant effect on torus cooling and shutdown cooling,
this conservativism is largely responsible for the high error factors in some of the
sequences.

2. The uncertainty after recovery is about a factor of 2 less than that before recovery in spite
of the conservative control circuit error factor. Control circuit faults are considered to be,

recoverable when there is enough time (a) to repair or bypass the control circuits, (b) to

Table 15. Dominant sequence uncertainties*

Sequence Initial Error Final Error
Designator Frequency Factor Frequency Factor

1.3 x 10-4 20.5 9.7 x 10-5 g,7
TRRUBA

TB 5.1 x 10-5 5.0 5.1 x 10-5 5.0U

TpRg3 A 1.5 x 10-3 5.6 2.8 x 10-5 2.8R

TKRg3 A 1.2 x 10-5 21.5 9.3 x 10-6 9,0R

T QRg3 A 5.5 x 10-6 36.3 4.1 x 10-6 15.3U R

T BN1 3.7 x 10-6 4.6 3.7 x 10-6 4.6A,

TpKRg3 A 8.3 x 10-5 6.7 1.6 x 10-6 2.8R

6.2 x 10-5 10.7 1.2 x 10-6 4,7TpQRgRAi

Total 1.9 x 10-3 5.8 2.0 x 104 5.6

93

.-- - - - . . _ .



manually operate a valve, or (c) to valve in another puinp, as is the case with long-term
decay heat removal. Thus, it is not surprising that the final sequence error factors, like the
frequencies themselves, reflect the decreased dependence on control circuit faults after
considering recovery.

3. Despite the fact that some sequences have relatively high error factors, their effect on the
*

cumulative frequency error factor is relatively modest.

4. The cumulative frequency error factors before and after recovery are about the same,
indicating that the cumulative frequency error factor is not significantly affected by *

recovery factors nor by the wide error spread of a few sequences.

8.6 Sensitivity Analysis

After selection of the dominant sequences and evaluation of the uncertainties associated with each, it is
:mportant to examine the assumptions and uncertainties that went into the original values. A sensitivity
analysis can aid in understanding the contributors to dominant sequence frequencies. The method of per-
forming such an analysis is to identify potential uncertainties and recalculate the sequence frequencies to
show how much variations in that input parameter changes the final value.

Review of the dominant sequences revealed several areas w here a sensitivity analysis would be desirable.
These areas are summarized below.

1. The RHR trees assumed that failure of the minimum-flow bypass valves to close would
disable the RHR loops. Since about 90To of the flow per loop would not be diverted by
such a failure, what would be the effect on sequence frequency if such failures did not
disable the RHR loops?

,

2. For the LOSP initiated sequences, failure of EECW was an important contributor to the
sequence frequencies. The analysis assumed that three of four pumps were needed to sup-
ply adequate cooling. Since two of four pumps provides up to 91To of the necessary cool- -

ing, what change to the sequence frequency would occur if the EECW model were
changed to require only two of four pumps for successful cooling?

3. The transient-induced LOCA initiator frequencies were derived from the transient
systemic event trees using the WASH-1400 failure data for relief valves. What would be
the change in these sequences if the generic SORV frequency from EPRI NP-801 were
used instead?

4 Unavailabilities for valve and pump control circuits were based on analysis of typical
systems. A more detailed analysis of the corresponding systems would be possible. In par-
ticular, what would be the effect of modeling differences between AC- and DC-powered
valse control circuits and of modeling the effect of 4160 V AC rather than 480 V AC
motor control circuits?

The methodology for this analysis was to replace the changed event (s)in the event or fault trees with the
new value and reevaluate the sequence frequency. The results of the three analyses were that

.

1. Removal of the minimum bypass vahe faults reduced the initial frequency by a factor of
only 3.8 but reduced the final frequency of the affected sequences by a factor of 22. This
is because many of the minimum-flow bypass valve faults are not recoverable, while many -

of the other faults of the shutdown cooling and torus cooling systems are recoverable.

y
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2. Changing EECW success criteria from three of four to two of four pumps reduced the
initial sequence frequency for affected sequences by a factor of 1.6 but had no significant
effect on the final frequencies.

3. Plant-specific SORY frequencies would increase the affected sequences by a factor of
~ approximately 6.0. Using generic frequencies (from General Electric plants) produced

results comparable to those from the event trees (about 0.25 increase).

4. For both the generic control circuits analyzed, the differences in power assumptions do*

not have a significant influence on system unavailabilities.

Section 6 of Appendix C provides additional detail on these analyses. 7

8.7 Limitations of the IREP Methodology and Uses of the Models

The quantitative results of this IREP study must be viewed and used with a thorough understanding of
the limitvions of the methodology used. As previously identified, this is principally a reliability study.
While inferences regarding risk-dominant accident sequences can be obtained from the analysis, a detailed
risk analysis was not performed, nor was it intended. The analysis leading to the grouping of accident
sequences into release categories relied heavily on previous studies performed on similar plants without
extensive plant-specific analys;s. Recogni.rmg the inherent uncertainties in this type of categorization, the
information generated was not used as an input to a calculation of consequence distribution. External
events such as earthquakes, fires, floods, and other influences from without were not considered. Thus,
the quantitative results must be regarded as being incomplete from a risk point of view.

In utilizing the results of this study, the following limitations should be recognized:
.

1. The generic data base used in the quantification analyses was very similar to the
WASil-1400 data base (although with larger error bounds), with some modifications
resulting from limited analyses of licencee event report (LER) submittals. Plant-specific'

data was utilized when the analyst found it different from the generic base. However, the
detailed comprehensive examination of plant logs necessary to fully evaluate in-plant data
was not performed.

2. Iluman performance was modeled using the techniques described in NUREG/CR-1278.
Howeser, the systematic bias in human response (either positive or negative) that may
result because of morale or management practices was not included. In addition, human
acts of commission were, in general, not included in the analysis.

3. An attempt was made to couple the root cause of the initiating event with system faults in
analyzing accident sequences. The technique used is believed to be reasonably efficient to
identify single failures that may initiate a transient and degrade the performance of one or
more safety systems. However, multiple fault scenarios of this type may have been
omitted. #

4. Coupling of faults associated with design, fabrication, or environmental conditions was
* not treated explicitly.

There were also several assumptions made throughout the analysis regarding the depth of analysis that

| - could influence the results. In many cases, these assumptions were made based on judgement that further
modeling was not probabilistically important. The depth of the analysis in many ways defines the level of

j interactions or dependencies considered and, while we believe the assumptions made are valid, the
' possibility exists that additional dependencies might be identified with further analysis. Examples of the

type of assumptions made include: (a) including only those single passive failures that can fail an entire
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system, and (b) ignoring misposition faults for valves that automatically are commanded to the proper
position by the engineered safety features actuation system and for valves that have posi. ion indicated in
the control room and are monitored each shift using a checkoff procedure.

The incompleteness and subjectivity associated with the aforementioned topics does not invalidate the
analysis performed. The important product of this project is the framework of engineering logic generated

,

in constructing the models, not the precise numbers resulting from the mathematical manipulations of
these models.

*

The patterns, ranges, and relative behaviors that are obtained can be used to develop insights into the
design and operation of a plant 'that can only be gained from an integrated consistent approach such as this
IREP analysis. These insights are applicable to utility and regulatory decision making, although they
should not be the sole basis for such decisions. By comparative evaluations, those features of the plant that
are predicted to have a more significant influence on risk can be identified and utility and regulatory
efforts can be focused on them to determine if they are acceptable. Similarly, regulatory efforts addressed
to items having an insignificant influence on predicted risk should also be evaluated. The ranking of risk
dominant accident sequences provides a framework for future value-impact analysis of potential plant
modifications.

8.8 Application of Results

The general views regarding the usefulness of the IREP analyses expressed above suggest several con-
crete applications that can be made. They are presented below in the form of suggestions to utilities for
applications of the results. In many cases, the models may have to be modified somewhat to achieve the
various goals. liowever, we have attempted to construct them in such a manner as to minimize the dif-
ficulty associated with such use. It is desirable for these models to be maintained in a current status and
used as tools in operations management. Specific suggestions for utilities and regulators are discussed

*

below:

Operator Training and Simulator Design. The IREP study generated a catalog of severe
* '

accident sequences, with rough assessme03 of the li,kelihood, severity, and principal root
causes of each. Some of these could be included in operator training and simulator design. This
information can also be used as a starting point for further studies intended to assess the
similarity of the symptom profile among accidents requiring different operator response and to
survey the hazards associated with misdiagnosis or less-than-optimum recovery actions. A
natural follow-up is an assessment of the adequacy of instrumentation and status monitoring
equipment.

Emergency Planning. The catalog of accident sequences and the likelihood estimates emerg-
ing from this IREP study can be used to train emergency response personnelin what to expect.
IREP results can also serve as a basis to improve the set of symptoms to be used as trigger
points for the declaration of site or general emergencies, and they can be used in deseloping
guides on the diagnosis and prognosis of accidents as they develop.

:.n

Adequacy of Procedures. It is common in studies, such as the IREP studies, to discover a
few instances in which emergency procedures or maintenance procedures should be improved
and which are of prime importance to the accident susceptibility of the plant. The results herein

*

should be studied to determine if this is the case here. Beyond these lessons, the IREP models
can be used to measure the importance ofindividual procedures to safety and to explore the risk
associated with errors in following procedures.

.

Adequacy of Limiting Conditions of Operation. An IREP study provides the tools with
w hich to optimize allowable outage times and surveillance intervals. The IREP models can also
be used in evaluating requests from utilities to continue power generation when equipment is

out of service beyond their specified allowable outage times. {
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Systems Integration Reviews. An IREP study is designed to model explicit functional
dependencies among systems. It is not uncommon to discover that an auxiliary system is a weak
link with respect to reliability in such a manner that it governs plant risk. This IREP study pro-
vides visibility for recognizing the following system dependencies: hard-wired systems interac-
tions, human behavior that can couple the unavailability of several safety systems, and the
importance of auxiliary systems to safety. Although such findings are not complete or precise,-

they represent a vast improvement on safety analyses done to date.

Significance of Component Reliability. The IREP models can be used to develop quan-*

titative measures of importance to safety for the reliability of components, trains, whole
systems, and classes of accident sequences. These methods enable the use of cost-benefit
analyses on reliability improvements for components, and the more discriminating use of the
more expensive qualification or in-service inspection techniques.

System Reliability. Estimates of system reliability are produced in an IREP study. Quan-
titative measures of the importance of system components can be calculated from the IREP
models and the more likely failure modes that are believed to dominate the unavailability of
these systems can be identified. With this information one can assess the possibility that a failed
system could be repaired before its failure reaches a point of no return under accident condi-
tions. Operators can be trained in fault diagnosis and in quick fixes. The adequacy of diagnostic
instrumentation and status monitoring can be assessed. Surveillance practices can be altered to
improve the availability of particularly critical systems.

Accident Sequences, in addition to identifying accident sequences and estimating their fre-
quency, the IREP models can also serve as a test-bed with which to explore the effects of
changes in design or operations practices. Possible improvements may be obvious in light of the
results. In other cases, the effectiveness of hypothetical improvements can be assessed (within
the limits of the completene< s of the models). A particularly valuable use of these models lies in-

the evaluation of risks associated with changes, i.e., will a fix for one safety problem make dif-
ferent accident sequences more likely? The IREP study results provide a tool that can be used to
address such questions.

Evaluation of Operating Occurrences. The IREP models and results can be used to
esaluate whether a fault occurring in plant operation or testing was a precursor of a more
serious event, and to evaluate its importance. One can explore each of the classes of severe acci-
dent sequences for the role that might have been played by the precusor. In addition, patterns
of licensee-reported events or trends can be assessed for risk significance with the IREP models.

Validation of IREP Analyses. The occurrence of faults or errors in the operation or testing
of the plant can be used to update, validate, or improse the completeness or accuracy of the
IREP models and the projectcd failure frequencies. Doing so has the dual advantage ofimprov-
ing the IREP model for its many other uses as well as assessing the safety significance of the
operating experience.

Design Errres and Generic Safety Issues. There are several classes of safety problems in
reactor plams that IREP studies do not analyze. Among these are susceptibility to fires, floods,
sabotage, earthquakes, design or installation errors that are not revealed by the explicitly
known, hard-wired functional dependencies among systems, and effects assumed to be negligi-.

ble in the IREP study, such as the role of saubber failures. However, the models generated in
IREP can be used to put such concerns into perspectise once the concern has been explicitly
postulated. For example, one can use IREP to assess which accident sequences might be.

affected by the postulated safety issue and estimate at what lesel of seserity the deficiency, if
any, might emerge (from the background of minor contributors to risk)into one of the domi-
nant concerns. Thus, IREP can be useful es en in contexts in which its predictive power is poor.
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It should be noted that none of the uses suggested above depend upon the predictions of risk. They all
depend upon measures of importance and upon the kind of accident sequences to which the subject plant is
susceptible.

Some of the applications are sensitive to the limitations of the study, particularly in completeness and
quantitative accuracy. Nonetheless, the applications can be tailored to the known limitations and the .

models can provide a coherent framework to address the "what if" questions concerning its accuracy in
these applications.

,

The suggested applications of the models in this report do not require a precise analysis of the
phenonWnology of reactor accidents. Phenomenological analyses, etc., need only be good enough to
develop the general forms of the accident processes, although there are rare occasions when uncertainties
in the modeling of accident processes can make large differences in the course or consequences of reactor
accidents.

In general, formal, plant-specific consequence analysis is unnecessary for these applications. It is useful
to identify accident sequences, their associated release categories, and to do emergency planning using this
information.

It is hoped that studies similar to this IREP analysis will be a means by which safety issues can be
mutually understood by the NRC and the licensees. The methods employed in the IREP studies provide a
systematic way of identifying safety issues and putting these issues into proper perspective, and at the same
time improve the cost-effectiveness and risk-relevance of NRC regulatory initiatives.

.

.

O
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FOREWORD '

,

This report describes a risk study of the Browns Ferry, Unit 1, nuclear
plant. The study is one of four such studies sponsored by the NRC Office
of Research, Division of Risk Assessment, as part of its Interim Reliability
Evaluation Program (IREP), Phase II. Other studies include evaluations of
Arkansas One, Unit 1, by Sandia National Laboratories; Calvert Cliffs,
Unit 1, by Science Applications, Inc.; and Millstone, Unit 1, by Science
Applications, Inc. EG6G Idaho, Inc. was assisted by Energy Inc., Seattle,
in its evaluation of the Browns Ferry, Unit 1, plant. Battelle-Columbus

j Laboratories provided information regarding the fission product releases

! that result from risk-significant accident scenarios. Sandia National
laboratories has overall project management responsibility for the IREP
studies. It also has responsibility for the development of uniform proba-
bilistic risk assessment procedures for use on future studies by the nuclear
industry.

This report is contained in four volumes: a main report and three
appendixes. The main report provides a summary of the engineering insights *

acquired in doing the study and a discussion regarding the accident'

sequences that dominate the risks of Browns Ferry, Unit 1. It also
describes the study methods and their limitations, the Browns Ferry plant e

and its systems, the identification of accidents, the contributors to those
accidents, and the estimating of accident occurrence probabilities.
Appendix A provides supporting material for the identification of accidents
and the development of logic models, or event trees, that describe the
Browns Ferry accidents. Appendix B provides a description of Browns Ferry,
Unit 1, plant systems and the failure evaluation of those systems as they
apply to accidents at Browns Ferry. Appendix C generally describes the
methods used to estimate accident sequence frequency values.

Numerous acronyms are used in the study report. For each volume of
the report, these acronyms are defined in a listing immediately following
the table of contents.

.
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1

NOMENCLATURE

A The complement of A (a success event if A is a failure,

event). (A may also be used to mean " unavailability.")
A Alarm
AC Alternating current.

ACC Accumulator
ADS Automatic depressurization system
AH Alarm-high
AO Air operator
APRM Average power range monitor
AT Anticipated transient
ATWS Anticipated transient without scram

BF1 Browns Ferry, Unit 1, nuclear plant
BI Break isolation
BWR Boiling water reactor

CAD Containment atmosphere dilution
CCW Condenser circulating water
CD Complete dependence
CE Conductivity element
CIS Containment isolation system
Clg Cooling-

COND Main condenser
CR-3 Crystal River, Unit 3, nuclear plant IREP study
CRD Control rod drive.

CRDH Control rod drive hydraulic
CRDHS Control rod drive hydraulic system
CRW Clean rad waste
CS Core spray
CS6T Condensate storage and transfer

CSCS Core standby cooling system
CSS Core spray system
CST Condensate storage tank
CV Control valve

D Demand
DC Direct current
DEP Depressurization
DG Diesel generator
DHR Decay heat remesal
Diff Different
DP1 Differential pressure indicator
DPIS Differential pressure indicating switch

DPS Differential pressure switch*

DPT Differential pressure transmitter

EAC Equipment area cooling-

ECCS Emergency core cooling system
ECI Emergency coolant injection
EECW Emergency equipment cooling water
EHC Electro-hydraulic control

A-v
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EMI Electrical Maintenance Instruction
E0I Equipment Operating Instructions
EPRI Electric Power Research Institute
EPS Electrical power system *

ESFAS Engineered safety features actuation system

F(*) Frequency of initiator in parentheses .

FCV Flow control valve
FE Flcw element
FI Flow indicator
FIC Flow indicating controller

,

FLS Front-line system
FMEA Failure mode effects analysis
FR Flow recorder
FS Flow switch
FSAR Final Safety Analysis Report
FT Flow transmitter
FWC Feedwater control
FWCS Feedwater control system

G Green
G01 General Operating Instructions

H High
H/L High/ low *

HCU Hydraulic control unit
HCV Hand control valve
HEP Human error probability ,

hPCI High pressure coolant injection
HPCS High pressure core spray
HPI High pressure injection
HS Handswitch
HSS High speed stop
HVAC Heating, ventilation, and airconditioning
HX Heat exchanger

16C Instrumentation and control
16E Inspection and enforcement
IMI Instrument Maintenance Instruction
INJ Injection
1 REP Interim Reliability Evaluation Program
IRM Intermediate range monitor

L Low
LA Level alarm
LD Low dependence
LER Licensee Event Report *

LIC Level indicating controller
LIS Level indicating switch
LL Low-low .

LOCA Loss of coolant accident
LOSP Loss of offsite power
Ll'C I Low pressure coolant injection
LPI Low pressure injection

A-vi
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LS Limit switch
LSS Low speed stop

LT Level transmitter
.

M Motor (operated valve)
MCR Main control room
MD Moderate dependence

,

MGU Master governor unit
MMG Motor generator
MMI Mechanical Maintenance Instruction
MO Motor operated

MOV Motor-operated valve
MSC Manual speed control
MS1 Main steam isolation
MSIV Main steam isolation valve
MSL Main steam line

NA; N/A Not applicable

NC Normally closed
NMS Neutron monitoring system
NO Normally open

OI Operating Instructions
OL Overload
OP Overpressure protection
OP(C) Overpressure protection (relief valves closed),

OP(0) Overpressure protection (relief valves open)

PA Pressure alarm'

PB Pipe break
PCIS Primary containment isolation system
PCS Power conversion system
PCV Pressure control valve
PG IREP Procedure Guide
PI Pressure indicator

PORV Power-operated relief valve
PRA Probabilistic risk assessment
PS Pressure switch
PSCWT Pressure suppression chamber water transfer
PT Pressure transmitter
PWR Pressurized water reactor

Q(*) Unavailability of system in parentheses
QA Quality assurance

R Red
RBCCW Reactor building component cooling water

.

RBEDT Reactor building equipment drain tank
hCB Reactor coolant boundary

RCIC Reactor core isolation cooling
.

RCS Reactor coolant system
RCW Raw cooling water
RCWS Raw cooling water system

Recirc Recirculation

A-vii
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,

I '

RFP Reactor feed pump
RFPT Reactor feed pump turbine
RFWPT Reactor feedwater pump turbine

i RHR Residual heat removal ,

RHRSW Residual heat removal service water
RMOV Reactor motor-operated valve
RMS Remote manual switch ;

RPS Reactor protection system
RPT Recirculation pump trip

i

|
RS Reactor subcriticality; reactor shutdown; reactor scram
RV(C) Relief valve (closed)
RV(0) Relief valve (open)
RWCU Reactor water cleanup
RX Reactor

S/D Shutdown
S/RV Safety relief valve

S/V Safety valve
SBCS Standby coolant supply
SBGT Standby gas treatment
SCI Short-term cuntainment integrity
SD-BD Shutdown board
SCV Scram discharge volume
SlV Scram instrument volume
SJAE Steam jet air ejector ,

1 SLCS Standby liquid control system
SORV Stuck-open relief valve
SRM Source range monitor

,

TA Temperature alarm
TCV Turbine control valve
ID Time delay
TDC Time delay contact
TDPU Time delay pickup
TE Temperature element
TIP Traversing in-core probe
TMI Three Mile Island
TR Temperature recorder
Trans' Transient
TS Technical Specifications; torque switch

j TVA Tennessee Valley Authority

UV Undervoltage.

:

V Volts
VB Vacuum breaker
VO Valve open .

! VS Vapor suppression
VSS Vapor suppression system
VWI Vessel water inventory ,

An insignificant quantity, generally less than 10-8c

i
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i INTERIM RELIABILITY EVALUATION PROGRAM:
j ANALYSIS OF THE BROWNS FERRY, UNIT 1, NUCLEAR PLANT

APPENDIX A--EVENT TREES+

1. FRONT-LINE AND SUPPORT SYSTEMS,

One of the initial tasks undertaken in this study was that of front-
line and support system identification. A front-line system is defined as
a system whose function is necessary to successfully mitigate the effects
of a loss-of-coolant accident (LOCA) or operational transient at BF1. A
support system is defined as a system that affects the course of an accident
or transient only by way of its effect on the operation of a front-line+

i system.

This section contains a list of the front-line and support systems used
in this study as well as a table of front-line system success criteria,

'
i.e., minimum equipment needed for LOCA and transient mitigation. The
front-line versus support system list is given in Table A-1. LOCA mitiga-4

tion success criteria are given in Table A-2. Transient mitigation success
criteria are given in Table A-3. Success is defined as the minimum equip-
ment combinations needed for accident mitigation.

i

I Front-line system response for a specific LOCA or transient mitigation.

is discussed in detail in Section 3. Detailed system functions and descrip-
tions are contained in Appendix B, Section 1.

i .

i

|

~.v1

!
!

I

1
1

i
.

'
(

!

| A-1
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|

TABLE A-1. FRONT-LINE SYSTEMS VERSUS SUPPORT SYSTEMS
1
.

I

| Support Systems
__ *

i
i

i

i

! . Keep-
! Front-Line . .

AC DC Circulation Full-

a bi

Systems Power Power EAC EECW RHRSW RCW Water RPS System Operator

j RCIC -- x -- -- -- -- -- -- -- -

i

I

| RHR (shutdown cooling) X X X X X X -- -- X EOI-74 ;

| L

;

X-RHR (LPCI) X X -- -- -- -- -- -- --'

HilR (torus cooling) X X X X X X -- -- X EOI-74,

RP1 -- X -- -- -- -- -- X -- --

,

llPCI -- X -- -- -- -- -- -- -- --

>
t ADS -- X -- -- -- -- -- -- -- --

w

Core spray X X -- - -- -- -- -- X --

4

E01-74SBCS X X -- -- X -- -- -- --

,

X X -- -- EOI-1,2,3i PCS X X -- -- --

I
E01-85XCRD X X -- -- -- -- -- --

Relief valves -- X -- -- -- -- -- -- -- EOI-100-1

Vapor suppression -- -- -- -- -- -- -- -- -- --

MSI X X -- - -- --
.

The front-line systems are given a one-letter name on the systemic event trees (see Table A-12).i a.

b. Equipment area cooling.

I

'
. . . . .- -,

it

--_ - ,
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TABLE A-2. LOCA MITIGATION SUCCESS CRITERIA

Short-Term
j
i Reactor Subcriticality Containment Integrity Emergency Coolant Injection Decay Heat Removal

Large Break--Liquid Line--0.3 to 4.3 ft --Suction

'
No more than 30 rods Adequate suppression Two core spray loops and two of Two of four RHR pumps
scattered throughout pool level and no four LPCI pumps with associated heat
the core not fully bypass leakage from exchangers in torus

inserted drywell to wetwell or cooling mode

or Four of four LPCI pumps or

No more than five or One of four RHR pumps

adjacent rods not with associated heat

fully inserted One of two core spray loops and exchangers in shutdown
3
d, two of fourLPCI pumps (one LPCI cooling modei

pump per injection loop)

Large Break--Liquid Line--0.3 to 4.3 ft --Discharge

| No more than 30 rods Adequate suppression Two core spray loops Two of four RHR pumps
I scattered throughout pool level and no with associated heat

the core not fully bypass leakage from or exchangers in torus
,

inserted drywell to wetwell cooling mode
,

One of two core spray loops and

or one of two LPCI pumps on or

unaffected side

No more than five One of four RHR pumps

adjacent rods not with associated heat

fully inserted exchangers in shutdown
cooling mode

,
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TABLE A-2. (continued)

Short-Term
Reactor Subcriticality Containment Integrity Emergency Coolant Injection Decay Heat Pemoval

Large Break--Steam Line--1.4 to 4.1 f t
,

No more than 30 rods Adequate suppression Two core spray loops Two of four RHR pumps
scattered throughout pool level and no with associated heat
the core not fully bypass leakage from or exchangers in torus
inserted drywell to wetwell cooling mode

Four of four LPCI pumps
or or

or

No more than five One of four RHR pumps
adjacent rods not One of two core spray loops and with associated heat '

tully inserted one of four LPCI pumps exchangers in shutdown-
T cooling mode
w

2
Intermediate Break--Liquid Line--0.12 to 0.3 ft

:

No more than 30 rods Adequate suppression One of one HPCI pump Two of four RHR pumps
scattered throughout pool level and no with associated heat;

I the core not fully bypass leakage from or exchangers in torus

| inserted drywell to wetwell cooling mode
Four ci six ADS relief valves

i or or
and

No more than five One of four RHR pumps
adjacent rods not One of four LPCI pumps with associated heat

,

fully inserted exchangers in shutdown!

or cooling mode
~

One of two core spray loope'

'

.
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i

a

TABLE A-2. (continued)
,

i

Short-Term
4

Reactor Subcriticality Containment Integrity Emergency Coolant Injection Decay Heat Removal

Inte rmed iate Break--S team Line--0.12 to 1.4 ft

| No more than 30 rods Adequate suppression One of one HPCI pump Two of four RHR pumps
with associated heatscattered throughout pool level and no

the core not fully bypass leakage from or exchangers in. torus
inserted drywell to wetwell cooling mode

,

One of four LPCI pumps
I ror

6or
! i

i No more than five One of four RHR pumps

adjacent rods not One of two core spray loops with associated heat

fully inserted exchangers in shutdown
y cooling mode , ,

w

2

|
Small Break--Liquid or Steam--Up to 0.12 ft

I No more than 30 rods Adequate suppression One of one HPCI pump Two of four RHR pumps
with associated heatscattered throughout pool level and no

the core not fully bypass leakage from or exchangers in torus
;

inserted drywell to wetwell cooling mode

Four of six ADS relief valves
and one of four LPCI pumps oror

No more than five or One of four RHR pumps
with associated heatadjacent rods not

fully inserted Four of six ADS relief valves exchangers in shutdown
and one of two core spray loops cooling mode

.
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TABLE A-3. TRANSIEN'l MI1IGATION SL'CCESS CRITERIA

Overpressure Protection Vessel Water Inventor, DHRReac tor Shutdown
Antacipated
Transient CR3 RPT OP(0)' OP(C) PCS MSI H PCI DEP INJ RHR

d
Transients No more Both recircu- kA All relief Condenser MSIVs shut HPCI Manual One LPCI pump Two EHR pumps

where FLS is than 30 lation pumps valves available operation of and two heat
D C exchangers in

available rods fail trip reclose or or at leuat four or

to insert and relief valves torus cooling

Turbine RCIC One core mode
dFeed system valves and spray loop

or
providing bypass valves or

No more makeup shut or
One kHR pump

than five
One booster and one heat

adjacent
and one con- exchanger in

r od s fall
densate pump shutdown

to insert cooling mode
or

One RHESW
pump in
SBCS mode

>
T rans tent s No more Direct scram All relief NA MSIVs shut HPCI Manual One LPCI pump Two RHR pamps

$.
w t.e re PCS is than 30 2 of 13 valves valves operation of and two heat
unavailable rods fait reclose or or at least four or exchangers in

to insert Flus scram relief valves torus cooling

7 of 13 valves Turbine RCIC One core mode

valves and spray loopor
Pressure scram bypass valves or

No more 10 of 13 valves shut or

than five One RHR pump
One booster and one heatadjacent
and one con- enchanger in ,

rods f ail
densate pump * shutdown

to insert '

cooling mode
or

One RHRSW
pump in
SBCS mode

.

Relief valves open OP(0) and reclose OP(C).a.

If both recirculation pumps trip and PCS remains available, the resulting power level is such that the capacity of the bypass valves is adequate tob.

remove the heat being generated.
'

Even though relief valve action is not required some relief valves will open.c.

d. MSI only necessary if PCS fails.
Although PCS is unavailable, the condensate system may still te operable.e.

-_

, . e . , e
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2. INITIATING EVENT INVESTICATIONS

This section describes how initiating events were identified for BF1
and how frequency of occurrence values were derived for those accident
initiators. It also describes special investigations to identify potential*

dependencies between the accident initiating events and the mitigating
systems needed to cope with those initiators.

.

2.1 LOCA Initiators

The initiating event frequencies for the various LOCA pipe rupture
sizes are listed in Table A-4. These initiating event frequencies for the
various liquid and steam LOCA break sizes were derived by multiplying the
probability for a given break size times the relative probability the break
occurs in a specific portion of that size piping. It was assumed that

~

within a given break range category (e.g., intermediate piping, 2 in. to
'6 in.) the rupture was equally likely to occur in any of the piping, whether

it be for liquids or steam.

TABLE A-4. LOCA PIPE RUPTURE FREQUENCIES

Frequency
Type Size Location (per reactor-year)

.

Liquid Large Suction side 9.9 x 10-6

Discharge side 3.9 x 10-5-

5.2 x 10-5
i Steam Large

Liquid Intermediate 9.0 x 10-5'

!

2.1 x 10-4Steam Intermediate

1.0 x 10-3Liquid Small
or

' steam

i

i

1 provided the following median pipe! Table III 6-9 of WASH-1400
rupture probabilities:

Piping Rupture Rate
!

Pipe Rupture Size (per plant per year)'

.

1 x 10-3Small

Intermediate 3 x 10-4'

1 x 10-4
! Large

|
:
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Differing success requirements for emergency coolant injection systems
f or types of liqpid breaks (suction versus discharge) and steam breaks
required that separate LOCA event trees be drawn. The above LOCA rates are
not apportioned as to steam and liquid piping nor do they account for the
suction versus discharge break effects. Thus, BF1 piping isometrics for .

those systems that interface with the primary pressure boundary were
examined to determine for a given break size:

'

1. What portion of the piping represented liquid versus sseam.

2. For liquid breaks, what portion of the piping was a suctirn versus
discharge side break.

The piping examination was not required for small LOCA piping since
the small LOCA event tree was valid for liquid or steam breaks, and the ECI
success criteria for both type breaks were the same. In addition,'the pip-
ing was only considered up to the first valve that could isolate the break.
As discussed in Section 5 of the main volume, breaks outside containment
are relatively unimportant from a probability standpoint. j

From the plant piping isometrics, it was determin'ed that the length of
liquid and steam piping susceptible to a large-size break is:

|Length
.

Feet Percent of Total Piping

Liquid discharge 348.4 38.5
,

Liquid suction 89.3 9.9

Steam 466.5 51.6

Total 904.2 100.0

Thus, the probability for a large liquid break occurring on the dis-
charge side of a recirculation pump was determined by multiplying the large
pipe rupture rate times the relative probability the break occurs in the
discharge piping:

(1 x 10-4 per reactor-year)(38.5%) = 3.9 x 10-5 per reactor-year.

Similarly, the suction-side break f requency was determined to be
9. 9 x 10-6 per reactor-year, and the frequency of large steam breaks to
be 5.2 x 10-5 per reactor year,

,

The intermediate LOCA f requencies were calculated in the same manner
with the exception that the large break liquid and steam piping lengths were
added to the intermediate piping lengths since an intermediate size break ,

(i.e., a partial break) can occur in the larger piping. The same rationale
was applied to breaks in small piping.

e.
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!

2.2 Transient Initiators

|
Malfunctions, failures or faults in the mechanical / electrical systems i

that result in a demand for trip of the control rods (scram) and removal of.

heat from the reactor core are transient initiators. The transient initi-
ators used in this analysis are referred to as events, that is, failures or
faults in systems that result in a demand for trip of the control rods,

(scram) and removal of heat from the reactor core. Therefore, only those
j events that require a scram and have the potential of overheating the core
i were considered as valid transients. Transients that could possibly lead

to LOCA were treated with an appropriate transfer to the LOCA event trees.

The transient initiators identified for this analysis were taken from
EPRI NP-801.2 Table A-5 defines these transient initiators. The LERs

,

TABLE A-5. TRANSIENT INITIATOR CATEGORIES
4

1. Electric load rejection Occurs when electrical grid disturbances
result in significant loss of load on the
generator. Also included are intentional
generator trips.

2. Electric load rejection Identical to Number 1 except that the.

with turbine bypass valve turbine bypass valves do not open
j failure simultaneously with shutdown of the

turbine.
.

3. Turbine trip Occurs when any one of a number of turbine
or nuclear system malfunctions requires
the turbine to be shut down.

Turbine trips that occur as a byproduct
of other transients, such as loss of con-

i

: denser vacuum or reactor high level trip,
'

are not included. Intentional turbine
j trips are also included.
:

'
4. Turbine trip with turbine Identical to Number 3 except that the

bypass valve failure turbine bypass valves fail to open.

5. MSIV closure Occurs when any one of various steam line
and nuclear system malfunctions requires

'

termination of steam flow from the vessel,
or occurs by operator action.

.

6. Inadvertent closure of one Occurs when only one MSIV closes (the
MSIV rest remaining open) due to operator or

equipment error..

7. Partial MSIV closure Occurs when partial closure of one or more
MSIVs results f rom a hardware or human

'
error.

A-9
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TABLE A-5. (continued)

8. Loss of normal condenser Occurs when either a complete loss or .

vacuum decrease in condenser vacuum results from
a hardware or human error.

'9. Pret=ure regulator fails Occurs when either the controlling
open pressure regulator or backup regulator

fails in an open direction. The failure
causes a decreasing coolant inventory as
the mass flow of water entering the vessel
decreases.

10. Pressure regulator fails Occurs when either the controlling
closed pressure regulator or backup regulator

fails in a closed direction. The failure
causes increasing pressure and thus
decreasing steam flow from the vessel. i

11. Inadvertent opening of a Occurs when a safety / relief valve sticks
safety / relief valve (stuck) open. Due to an operator or equipment

error, a single safety / relief valve can
be opened, increasing steam flow from the
vessel. If the valve cannot be closed, a

*

scram is initiated. This transient
includes only those openings that cannot
be subsequently closed before a scram

*
occurs.

12. Turbine bypass fails open Occurs when equipment or operator error
results in inadvertent or excessive open-
ing of turbine bypass valves so as to
decrease vessel level.

13. Turbine bypass or control Occurs when either operator error or
valves cause increase equipment failure causes the turbine
pressure (closed) bypass or control valves to close,

resulting in increased system pressure.

14. Recirculation control Occurs when a failure of a flow
failure-increasing flow controller, either in one loop or the

master flow controller, causes an
increasing flow in the core.

15. Recirculation control Occurs when any flow controller failure
failure--decreasing flow causes a decreased flow to the core. ,

i

16. Trip of one recirculation Occurs when one recirculation pump trips

pump due to a hardware or human error.
. .

i 17. Trip of all recirculation Occurs with the simultaneous loss of all
pumps recirculation pumps.

1
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TABLE A-5. (continued)

18. Abnormal startup of idle Occurswhenanidlerecirculat[onpumpis
,

recirculation pump started at an improper power and flow
condition. The increased flow could cause
a flux spike, or core inlet subcooling,
if the loop has been idle so as to allow'

coolant in the pump loop to cool.

' 19. Recirculation pump seizure Occurs when the failure of a recirculation
pump is such that no coastdown occurs and
a sudden flow decrease ensues.

20. Feedwater--increasing flow Occurs when any event causes increasing
at power feedwater flow at power. Excluded (see

Number 26) are increasing flow events

-f
during startup or shutdown when manual
feedwater control is being used.

21. Loss of f eedwater heater Occurs when the loss of feedwater heating

is such that the reactor vessel receives
| feedwater cool enough to exceed core scram

parameters.'

.

22. Loss of all feedwater flow Occurs with the simultaneous loss of all
!

main feedwater flow, excluding that due
to loss of station power (see Number 31).

1 .

23. Trip of one feedwater pump occurs when the loss of one feedwater
(or condensate pump) pump or condensate pump is such that a

,

| partial loss of feedwater occurs.
|

24. Feedwater--low flow Occurs when any plant occurrence causes
decreasing feedwater flow at power.
Excluded are events at low power (see
Number 25).

25. Low feedwater flow during Occurs when any event results in low feed-
startup or shutdown water flow at essentially zero power.

This definition includes only startup or
shutdown operations.

26. High feedwater flow during Occurs when excessive feedwater flow
startup or shutdown occurs during startup or shutdown. The

reactor is essentially at zero power.

.

occurs when one or more rods are withdrawn27. Rod withdrawal at power
inadvertently in the power range of plant

.

operation.

28. High flux due to rod Occurs when inadvertent withdrawal of a
withdrawal at startup rod causes a local power increase,

l

A-ll
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TABLE A-5. (continued)
.

29. Inadvertent insertion of Occurs when any malfunction causes an ,

rod or rods inadvertent insertion of rod or rods
during power operation.

30. Detected fault in reactor Occurs when a scram is initiated due to an '

protection system indicated fault in the reactor protection
system. An example is the indication of
a high level in the scram discharge
volume.

31. Loss of offsite power Occurs when all power to the plant from
external sources (the grid or dedicated
transmission lines from other plants) is
lost. This event requires the plant
emergency power sources to be available.

32. Loss of auxiliary power Occurs when the loss of incoming power to
(loss of auxiliary the plant results from onsite failures
t rans f o rme r) such as the loss of an. auxiliary

t ra n s f o rme r.

33. Inadvertent startup of Occurs when any of the systems inadver-
~

HPC1/HPCS tently start up supplying high pressure
cold water to the vessel.

In general, a BWR will have either a HPCI -

system or a HPCS system.
,

34. Scram due to plant Occurs when a scram, either automatic or
occurrences manual, is initiated by an occurrence that

does not cause an out-of-tolerance condi-
tion in the primary system, but requires
shutdown. Examples are turbine vibration,
off-gas explosion, fire, and excess con-
ductivity of reactor coolant.

35. Spurious trip via Occurs when a scram resulting from hard-
instrumentation, RPS fault ware failure or human error in instrumen-

tation or logic circuits occurs.

36. Manual scram--no out-of- Occurs when a manual initiation of a
tolerance condition scram, either purposely or by error,

occurs and there are no out-of-tolerance
conditions. ,

37. Cause unknown Occurs when a scram occurs, but the cause
is not determinable.

,
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submitted for Browns Ferry were examined to identify those transient initi-
ators not identified in EPRI NP-801. No other additional events were iden-
tified from this set of LERs. Each of the transient initiators pertaining
to various electric power bus and cooling water system failures were further
examined to identify transient initiator effects on front-line system*

availability. This analysis is described in Section 2.3.2. The transient
initiators were grouped according to their effect on mitigating systems.

.

The transient initiators were subsequently grouped according to their
effect on the PCS since this was the only mitigating system found to be
affected by the transients. Seven of the 37 EPRI NP-801 events were classi-
fied as transient initiators that resulted in PCS being unavailable for
mitigation of the transient. Of the remaining 30 events, 8 were identified
as having no effect on PCS availability and 22 were considered not applic-
able for this study. Reasons for exclusion of these events are summarized
in Table A-6, which lists the transient initiators and their frequencies.

One final consideration to the transient-type event was given in the
case of the LOSP event. The LOSP event was originally grouped as a PCS-
unavailable transient initiator. However, due to the dependency f actor of
this event with other mitigation systems, this particular event was treated

,

separately in the transient event tree analysis.

The frequencies of the transient initiators were estimated using the
techniques discussed in EPRI NP-801a (see Table A-6). The transient
frequencies were estimated based on the BF1-specific data and all pertinent-

BWR experience in EPRI NP-801. For this analysis, the plant-specific fre-
' quencies were used in the transient tree quantification.

.

To illustrate the method used to calculate the frequency of the various
transient initiators used in this study, the electric load rejection event
will be utilized. From EPRI NP-801, the expected frequency for the event
is calculated according to a 40 year life of the reactor plant by the
following formula:

E(transient frequency) = [ frequency of first year + 39 x (remaining years
average)] + 40. y

a. Data from EPRI NP-2230,3 a recent revision to EPRI NP-801, were not
available in time for use in this study. NP-2230 data produce different
results than those reported in EPRI NP-801 because of the inclusion of
events occurring at BF1 between January 1977 and April 1980 and, to a lesser
extent, because of the omission of events occurring between October 1973 and
August 1974 prior to commercial operation. In particular, a LOSP occurring
at BF1 in late 1978 early 1979 and reported in NP-2230 increases the esti-

,

mated frequency of that event by a factor of nearly seven. NP-2230 esti-
mates for other transients that cause the PCS to be unavailable are lower
than those in EPRI NP-801, and estimates for those that keep it available

, ,

(Group 2, Table C-6) are higher. However, the dif ferences here involve,

factors of less than three, and thus do not have an appreciable effect on

numercial results of this study.
;
,

f
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TABLE A-6. TRANSIENT INITIATOR GROUPINGS AND FREQUENCIES

Frequency
(events / year) *

i

i

Transient BF1 BWRs
.

Group 1--Transients That Cause PCS to be Unavailable

a. MSIV closure. 0.58 0.24
b. Loss of normal condenser vacuum. 0.56 0.41
c. Pressure regulator fails open. O. 0.25,

d. Loss of feedwater flow. 0.51 0.17
Loss of offsite power. 0.03 0.11e.

1. Loss of auxiliary power. O. 0.03
*** g. Increased _ feed flow at power. 0.,05 0.18

n
Total 1.73 1.39

; Group 2--Transients That Do Not Cause PCS to be Unavailable
!

a. Electric load rejection. 1.02 0.74
b. Electric load rejection with bypass failure. O. O.,

| c. Turbine trip. 0.58 0.77
d. Turbine trip with bypass failure. O. O.'

.

e. Inadvertent closure of one MSIV. O. 0.10
f. Pressure regulator fails clcard. O. 0.11>

1 g. Bypass / control valve fails causing pressure increase. 0.05 0.25 ,

h. Recirculation control fails causing increased flow. 0.03 0.10;

I Total 1.68 2.07

|
Group 3--Transients f rom EPRI NP-801 Not Applicable

Partial MSIV closure- partial failures not addresseda.

since full closure is addressed above.;

1 b. Inadvertent open safety / relief valve (stuck)--
{ considered in LOCA analysis.

c. Recirculation control fails causing decreased flow--'

less severe than trip of all pumps (FSAR 14.5.5.3).i

d. Trip of one recirculation pump--less severe than trip
! of all pumps (FSAR 14.5.5.2).
| e. Trip of all recirculation pumps--no scram occurs

(FSAR 14.5.5.3).'

f. Abnormal startup of recirculation pumps--no scram
| occurs (FSAR 14.5.6.2).
| g. Recirculation pump seizure--less severe than trip of .

I all pumps (FSAR 14.5.5.4).
j h. Bypass valves fail open--mild transient, no scram
; occurs (FSAR Q14.5). .

i i. Loss of feedwater heater--no scram occurs
(FSAR 14.5.2.1).'

j. Trip of one feedwgter pump--no scram occurs. ,

! A-14
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TABLE A-6. (continued)

Frequency
(events / year)*

Transient BF1 BWRs
.

Group 3 (continued)

k. Low feedwater flow--less severe than loss of feed
flow.

1. Low feedwater flow during startup or shutdown--
startup and shutdown transients not considered.
High feedwater flow during startup or shutdown--m.
same as above.

n. Rod withdrawal at power--no scram occurs
(FSAR 14.5.3.1).
High flux rod withdrawal during startup--startupo.

transients not considered.
p. Inadvertent rod insertion--no scram occurs.
q. Detected faults in reactor protection system--not

applicable.
r. Inadvertent HPCI initiation--less severe than

increased feedwater flow at power.
Scram due to plant occurrence--no challenge of'

s.

reactor protection system,
t. Spurious trip--no challenge of reactor protection

system.*

Manual scram--no challenge of reactor protectionu.

system,
v. Cause unknown--not applicable.

The load rejection occurrences experienced at BF1 during the first
4 years of operation are as follows:

Year 1 2 3 4

Occurrences 4 0 1 1

The number of occurrences for the fourth year is for only 1.3 months
(0.11 year) of data. By the above formula, the expected frequency for
electric load rejection event at BF1 is calculated to be 1.02 events per
reactor year, that is:

E(electric load rejection) = [4 + 39 (2 + 2.11)] + 40
,

1.02 events per year.=

2.3 Initiator Ef fects On Mitigating Systems
.

In addition to identifying the initiating events, it is important to
determine what effect the initiator may have on those systems designed to
respond to the accident. In some cases, the initiating event may originate
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in a mitigating system. The resulting accident sequence could be signifi-
cant since the ability of the plant to cope with the accident has been
degraded. The follouing sections discuss the LOCA and transient initiator
effects on mitigating systems.

,

2.3.1 LOCA Effects On Mitigation

Some of the LOCA initiators have the potential to render LOCA mitiga- *

tion systems partially or completely inoperable by virtue of the system
location of the LOCA.

If a LOCA initiator could disable a mitigating system, the length of
piping for the mitigating system susceptible to that LOCA was calculated
using TVA supplied isometric drawings. Then, the total length of piping
susceptible to that initiator was calculated. It was assumed that for a
particular break size, the LOCA was equally likely to occur at any point on
the piping susceptible to the LOCA.

Table A-7 provides a list of the systems lost and the percentage of
their piping susceptible to a particular LOCA initiator. These values are
used in the quantification of LOCA sequences. The quantified systemic tree
in Section 2 of Appendix C provides an example of how sequence frequencies
were obtained using these values.

2.3.2 Transient Initiator Effects On Mitigation
.

Transient initiators were identified as discussed in Section 2.2 and
were grouped according to their effect on the PCS availability. However,
it was necessary to examine the plant further to determine whether these -

transients could originate in mitigating systems or affect front-line sys-
tems other than the PCS. The goal of this transient initiator analysis was
to identify those plant failures at a component or system level that could
effect mitigating systems availability. The identification of transient
initiator ef fects was done by a three part process as described below:

1. Consequence evaluation of electrical failures--Failure of each
plant electrical bus was postulated. Equipment powered by the
bus was tracked and the effect of its failure on the plant was
identified.

2. Consequence evaluation of cooling system f ailures--Failure of each
cooling system was postulated. Loads cooled by the system were
t racked and the ef fect of their loss on the plant was identified.

3. Causal analysis of transient categories--Causal-type failure
analysis was performed on the 15 transient categories retained
for this study, as discussed in Section 2.2. The causal analysis

,

is similar to fault tree analysis in that events that can lead to
occurrence of an initiating event are logically depicted.

This evaluation was not intended to be all-encompassing. Some appro- '

priate constraints were imposed to limit the depth of the investigation.
The primary constraint was that the analysis only apply to identification
of failures that could affect other systems. Failures that are internal to
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TABLE A-7. LOCA INITIATOR EFFECTS ON MITIGATING SYSTEMS

Piping Susceptible to LOCA
LOCA Type Mitigating Systems I.p6t (%) Remarks

Large break on discharge One LFCI loop and one shutdown cooling NA Both are lost due to break location
|

of recirculation loops discharge path

Large break on suction All of shutdown cooling 55 (suction of recirculation Suction for both shutdown cooling loops
of recirculation loops or Loop A) comes f rom recirculation Loop A

None 45 (suction of recirculation
Loop B)

Large steam None -- --

Intermediate steam HPCI 23.2 (HPCI) Majority of piping susceptible to LOCA
or does not affect mitigating systems

One core spray loop 3.8 (core spray)
or3,

8, None 73.0 (other piping)

w
Intermediate liquid One LPCI loop and one shutdown cooling 78.2 (discharge of Loop A or B) --

discharge path
or

All shutdown cooling 11.2 (suction of recirculation
or Loop A)

None 10.6 (suction of recirculation
Loop B)

Small liquid or steam HPCI 16.3 (HPCI) Assumes small break can occur in larger
or piping and renders mitigating systems

Steam One core spray loop 1.3 (core spray) unavailable as in large break cases
or

Liquid One LPCI loop and one shutdown cooling 23.3 (recirculation discharge)
discharge path

or
Steam and liquid All shutdown cooling 3.4 (suction or recirculation

or Loop A)
None 55.7 (other piping)



1

a system and have no consequences outside the system, (i.e., failures that
have no capability to introduce dependencies in other systems) were of
limited interest. For example, failure of feedwater control may result in
the loss of feedwater. But other than the main feedwater system, no other

*

mitigating systems are affected by this internal initiating event. However,
an initiating event such as LOSP not only fails PCS but,results in the
common dependence of the mitigating systems powered by onsite electrical
power sources, which significantly increases their probability of failure. -

A second guideline was to examine failures to a level of detail com-
mensurate with that found in the interfacing FMEAs of Appendix B, that is,
to only postulate single failures. However, in many cases, the postulated
f ailure was only significant when other concurrent conditional events or
failures were considered, and these were noted as such.

Operator action was generally ignored in this evaluation. This is
consistent with the rationale that no credit for operator action is taken
during the first 10 min of the transient. This assumption was conservative
because, in reality, operator action occurs early in most transients. Many
of the failures examined are clearly annunciated and represent familiar
transients for the trained operator.

Postulated Electrical Faults. The results of the first task pertaining
to the effects of electrical equipment failures are summarized in Table A-8.
More detail is shown in Table A-9. A wide variety of sources were utilized

4for information. The most useful source was the FMEAs generated by TVA ,

in response to NRC Inspection and Enforcement Bulletin 79-27. [These are
cited in Table A-9 as "I6C FMEA (79-27)"]. The postulated fault for the
electrical systems was one wherein all loads powered by the bus in question .

were assumed to fail. Mechanisms for this failure mode were not postulated.

TABLE A-8. ELECTRICAL EQUIPMENT FAILURE SUMMARY

Scram on
Single FLS or

Equipment Failure Conditional Events to Scram CSCS Failed

4160 V SD-BD A No 1. Erroneous signal in RPS, RHR Pump A
Channel B core spray

Pump A

2. Failure of 250 V DC --

RMOV 1A

3. Existing failure of --

*FSV-1-15B, FSV-1-27B,
FSV-1-38B, FSV-1-52B

4160 V SD-BD B No None NA -
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TABLE A-8. (continued)

Scram on.

Single FLS or
Equipment Failure Conditional Events to Scram CSCS Failed

*

4160 V SD-BD C No 1. Erroneous signal in RPS, RHR Pump B
Channel A core spray

Pump B

2. Failure of 250 V DC --

RMOV IB

3. Existing failure of --

FSV-1-14B, FSV-1-26B,
FSV-1-51B

4160 V SD-BD D No None NA

Offsite power Yes -- All PCS

500 kV system Yes -- None

161 kV system No NA None
,

4 kV unit board No NA None

,

(any one board)

4 kV recircula- No NA None
tion board

480 V SD-BD or No For RMOV 1A failure, see --

480 V RMOV (any RPS A
one board) For RMOV 1B failure, see

RPS B

RPS Bus A No 1. Erroneous signal in RPS, None
Channel B

2. Failure of 250 V DC --

RMOV 1A

3. Existing failure of --

FSV-1-15B, FSV-1-27B,
FSV-1-38B, FSV-1-52B

.

RPS Bus B No 1. Erroneous signal in RPS, None
Channel A

'

2. Failure of 250 V DC --

RMOV IB
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TABLE A-8. (continued)
,

.

Scram on
*

Single FLS or
Equipment Failure Conditional Events to Scram CSCS Failed

RPS Bus B 3. Existing failure ~of
*

--

(continued) FSV-1-14B, FSV-1-26B,
FSV-1-37B, FSV-1-51B

250 V DC RMOV 1A No NA HPCI system
failed

I Core spray B
and D failed

RHR B and D
'| failed

i 250 V DC RMOV IB No NA ADS failed

RHR A and C
failed

*

Core spray A
and C failed

250 V DC RMOV IC No NA RCIC system -

failed

Two ADS
valves fail

250 V DC Yes Operator fails to terminate PCS
,

anonclass lE feedwater on high reactor unavailable
water level annunciation

250 V DC turbine No Significant generator load PCS failed
building distri- change demand
bution board

Battery Board 1 Yes -- See 250 V DC
nonclass 1E

See 250 V DC
RMOV 1A

,

See 250 V DC
turbine

*
i distribution

Battery Board 2 No NA See 250 V DC
RMOV IC

]
1
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TABLE A-8. (continued)

Scram on
Single FLS or*

Equipment Failure Conditional Events to Scram CSCS Failed

Battery Board 3 No NA See 250 V DC-a

RMOV IB

; Battery Board 4 No NA --

16C Bus A Yes -- Drywell air

i,

unavailable
i

MSIV isola-
tion reset
unavailable

j 16C Bus B No Leaky MSIV accumulators Drywell air
unavailable

Unit preferred No Power demand change PCS failed
,

bus
! RCIC system

failed*
i

24 V DC Channel A No Failure 24 V DC Channel B --

.

24 V DC Channel B No Failure 24 V DC Channel A --

48 V DC No -- --

125 V DC No NA --

diesel control

'i Unir Yes -- Condenser
nonpreferred unavailable

Plant preferred Yes Cold weather Feedwater
unavailable

HPCI system and RCIC system could fail due to water in the steam line,a.

but these systems not required during over fill. ADS operability unknown
due to the possibility of water in steam line.

!
.

'
.
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TABLE A-9. ELECTRICAL EQUIPMENT FAILURE CHART DETAILS

Failed
Equipment Scram Type Primary Failure Effects Disabled Systems / Secondary Effects Comments, Notes. References

4160 V SD-BD A None 1. Loss of APS Bus A. 1. Outboard NSIVs go into " half- 1. If any signal requirement in
isolate" state. Channel B is satisfied, the

2. No other loads essential to normal reactor will scram,

operation are powered by this 2. RPS goes into " half scram" state.
board. 2. Alternate power source for RPS bus

3. RHR Pump A inoperable. is manual transfer.

.

| 4. Core spray Pump A inoperable. 3. Refs.--Eol-5
lbC FMEA (79-27)
45N-724-1
45N-749-1
45N-751-1.

4160 V SD-BD B None 1. No equipment essential for Unit 1 1. RHR Pump C inoperable. 1. Refs.--some as above.
normal operation is powered f rom
this board. 2. Core spray Pump C inoperable.

4160 V SD-BD C None 1. Loss of RPS Bus B. 1. Inboard MSIVs go into " half 1. If an erroneous signal is made up
isolate" state. through Channel A, the reactor will'

y,
s 2. No other loads essential for normal scram and/or isolate.

FJ operation are powered by this 2. RPS goes into " half scram" state.
"4 board. 2. Alternate power source for RPS bus

3. RNR Pump B inoperable. is manual transfer.

4. Cere spray Pump B inoperable. 3. Ref s.--same as above.

4160 V SD-BD D None 1. No equipment essential for Unit 1 1. SHR Pump D inoperable. 1. Ref s.--same as above.
normal operation is powered by
this board. 2. Core spray Pump D inoperable.

Complete loss of Yes, scram on 1. Loss of RPS Buses A and B. 1. Reactor scrams on loss of RPS 1. Plant undergoes comptes sequence of
offsite power loss of RPS bus. events upon loss of of fsite power;

buses 2. IEC Bus A and B lost until diesels only the most significant affects
available. 2. Reactor isolates on loss of RPS were noted,

bus.
2. Diesels start on low voltage.

500 kV system Yes, if above 1. Generator trip. 1. A kV unit boards auto-transfer to 1. Refs.--E01-5
30% power; start board. 15W500-1.
generator trip 2. Loss of power to 4 kV unit boards,

4 kV common boards. and 4 kV 2. Power to recirculation boards not
recirculation boards. necessary if reactor is less than

301 power.

161 kV system None 1. 4 kV common boards auto-transfer. 1. Refs.--E01-5
15W500-1.

. - . . . .

_ _ _ _ _ _ _ _ _



_ . . _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ . _ .-. .. _ . . - _ _ _ . . _ _ _ _.

. . . .. .

TABLE A-9. (continued)

Failed
Equipment Scram Type Primary Failure Effects Disabled Systems / Secondary Effects Comments, Notes, References

4 kV unit None. assuming 1. Loss of one unit board disables: 1. Unit will run back to 92% power if 1. Refs.--E01-5
boards loss of one one CCW pump one condensate train is lost. 15W50L-1.

board one condensate booster pump
one condensate pump 2. 480 V unit boards auto-transfer to
one raw water cooling pump. alternate power supply.

i

2. Loss of corresponding 480 V unit'

board.

4 kV No 1. Power lost to recirculation Pump YG 1. Loss of both recirculation pumps
"

recirculation sets. does not cause a scrum.

boards

480 V SD-BD None. assuming 1. Loss of RPS Bus A if RMOV 1A or 1. " Half scram" and " half-isolate"
480 V RMGVs only one RMOV SD-BD 1A f ails, states occur.

,

| or one shut-
I

1 down board 2. Loss of RPS Bus B if RMOV IB or 2. All other 16C buses are on non-
1 fails SD-BD IB fails. interruptable power supplies (with
i respect to 480 V board failures).
1 >>

d3 RPS Bus A None 1. Channel A of the RPS logic is 1. RPS in " half scram" state. 1. Any erroneous signals in Channel B
LO tripped. logic will scram reactor and/or

2. Outboard MSIVs in " half isolate" trip MISVs.
2. Miscellaneous false isolation and state.

trip signals will occur. 2. Refs.--E01-5
I6C FMEA (79-27)
45W 710 4.

RPS Bus B None 1. Channel B of the BPS logic is 1. RPS in " half scram" state. 1. Any erroneous signal in Channel A
tripped. logic will scram and/or isolate

2. Inboard MSIVs in " half isolate" reactor.
:

| 2. Miscellaneous false isolation and state.

trip signals will occur. 2. A failed 250 V solenoid on inboardi

| MSIV will cause valve to close.
One closed MSIV will not directly
trip plant.

i

I
3. Refs.--E01-5

16C FNEA (79-27)
45W 710 4

250 V RMOV 1A None 1. HPCI system inoperable. 1. Loss of bus is annunciated in MCR. 1. If a 120 V AC solenoid on the out-
Operator can transfer to battery board MSIVs is failed, that M51V i

2. Core spray Train B and D Board 2. will close; one MSIV closure may
'

inoperable. cause a scram but multiple faults
are required.

3. RHR Train B and D inoperable.
I 2. Refs.--45u712-1
I 4. S/RV 1-41 and 1-4 inoperable in 16C FMEA (79-27).

manual initiation mode.



TABLE A-9. (continued)

Failed
Equipment Scram Type Primary Failure E f fect s Disabled Systems / Secondary Effects Comment s. Notes. References

250 V RMOV 1A 3. Transfer to siternate power supply
(continued) 5. Two valves in backup scram system is manual.

are inoperable.

6. Solenoids on outboard MSive close.

7. Recirculation Pump A speed is
fixed. Pump can be tripped.

250 V RMOV 15 None 1. ADS ineperable. 1. No shutdown cooling. 1. See above comment.

2. S/RV 1-18. 1-19. 1-31. 1-42. 1-179 2. Loss of bus is annunciated in MRC. 2. pefe.--45N712-2
inoperable in manual activation Operator can transfer to battery 16C iMEA (79-27).
mode. Board 1.

3. Transfer to alternate power supply
3. RHR Train A and C inoperable. is manual.

4. Core spray Train A and C
inoperable.

,

I
ba 5. Recirculation Pump B speed is
#' fixed. Pump can be tripped.

6. FCV-74-47 fails as is.

7. Solenoids on inboard MSIVs close.

250 V RMOV 1C None 1. RCIC system inoperable. 1. Same as 2 above. 1. Refs.--45N712-3
16C FNFA (79-27).

2. S/RV 1-23. 1-5. 1-180. 1-34 inoper-
able in the manual initiation mode. 2. Transfer to alternate power supply

is manual.

250 V DC Yes p-essure 1. All main turbine trips except the 1. Manual control of feedwater is 1. Loss of bus voltage is not
nonclass 1E regulator following are losts lost; automatic control between annunciated.
power closes a. High vibration. 3000 and 5500 rpe is unaffected.

b. Back-up overspeed. 2. Refs.--lbc FMEA (79-27).
c. Loss of both turbine speed feed- 2. Power loss to PT-1-16A and

back channels. PT-1-168 cause pressure regulator 3. Transfer to alternate power supply
d. Manual trip, to fait closed. (battery Board 2) is manual.

2. All RFPT are lost. Feedwater can 4. Reactor scram on high pressure;
be manually terminated by closing turbine trip on overspeed. Feed-
valve in steam supply line. water drops to low speed stop.

Sypass fails closed.
3. Motor sneed changer on RTPT is

inoperable.

4. EHC instrumentation is lost.

.. . . . .

J
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'IABLE A-9. (continued)

Failed
Equipment Scram Type Primary Failure Effects Disabled Systems / Secondary Effects Comments. Notes. References

250 V DC No direct 1. Loss of alterreu excitation system. 1. Loss of ability to regulate exci- 1. If significant change in grid.
turbine scram; signi- tation voltage of the main demand occurs when Altertex is out,

building ficant grid 2. Loss of control power to: generator. a generator trip will occur, caus-

distribution demand change a. 4 kV unit boards, ing a scree if above 301 power.
board will cause b. 4 kV recirculation boards. 2. If generator trip occurs before

scram c. 4 kV common boards. control power is restored, these 2. Normal power supply is battery

d. 4 kV unit boards. boards cannot be transferred to Board I with manual transfer.
e. 480 V unit boards, offsite power. The generator
f. 480 V c ommon boa rd s , normally supplies these boards 3. Transfer is manual.

through TUSS-1A and 18.
4. Refs.- 16C FMF.A (79-27).

250 V DC battery If in feedwater 1. Loss of normal power to: 1. See other sections for effects 1. If feedwater control is in
Board I control a. 250 V DC RMOV 1A. of loss of 250 V DC boards. Chancel A, feedwater will go to

Channel A. b. 250 V DC nonclass IE. high speed stop. Turbine will not

scram will c. 250 V DC turbine building 2. Failure of feedwater inverter trip on water Level 8. RFFT will
occur due distribution. causes feedwater to go to high not trip on water Level 3. Reactor

to high reactor d. Feedwater inverter. speed stop if in Chancel A control. will not scram until turbine trips

water level e. 480 V shutdown load shed (likely on high vibration or manual
),

Logic A. 3. Failure of feedwater inverter trip).
bJ If in feedwater has no effect if in Channel B.
'" c ont rol 2. If feedwater control is in

Channel B, no Channel B, there is no imminent
direct scram; direct scram. Manual feedwater
significant control is lost. Master governor
grid demand unit controls feedwater between
change will 3000 and 5500 rpm. Should the load
cause scram demand the turbine to trip (on

backup overspeed) and subsequent
Pressure regu- reactor scram, three feedwater

lator will pumps drop to their low speed stop
fail closed (manual speed control unavailable).
causing high When generator trips, the 4 kV unit
pressure scram boards lose power; this will fait

condensate pumps, which will subse-
quently fail (or trip) feedwater
pumps.

If boards are switched to offsite
power before generator trip, feed-
water will be available and will
fill up vessel, unless manually
t e rmina ted. (Installation of

Benerator breakers will eliminate
need for manual power change,
i.e. CCW condensate pump will be
available.)
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TABLE A-9. (Continued)

| Failed
Equipment Scram Type Primary Failure Ef fects Disabled Systema /Secondarv Ef fects Comments. Notes. References 3

250 1 DC battery 3. Refr.--45N701
4

Board 1 16C FNEA (79-27).
(continued)

4. Third alternative is that pressure
regulator fait closed; scres on
high pressure.

250 V DC battery None 1. Loss of normal power supply to: 1. No significant effects on Unit 1.
Board 2 a. 250 V DC RMOV-IC.

b. 460 V shutdown load shed 2. Refs.--45N702
Logic B. I6C 45h702.

250 V DC battery Noce 1. Loss of normal power supply to: 1. No significant effects on Unit 1.
Board 3 a. 250 V DC RMOV-15.

b. Control bus for 480 V SD-BD 1A. 2. Refs.--45N703
16C PMEA (79-27).

250 V DC battery None 1. Power lost to all DC air compres- 1. No significant effects on Unit 1.
Board 4 sors on the diesels.

Of 2. Refs.--45N704
bJ 2. Power lost to main turbine DC 16C FMEA (79-27).
Ch emergency bearing oil pump.

Ibc Bus A If feedwater 1. If feedwater control in Channel B, 1. Ef fect of recirculation pump speed 1. Channel 5 is preferred operating
control system RFPT goes to high speed stop. If mismatch unknown. mode, so it is likely a scram will

in channel 8, in Channel A. no effect. LT-3-60 occur on high water level.

reactor will goes to zero. 2. Drywell cooling lost.

scram on L-8 2. All trips are available to meia
turbine trip; 2. Feedwater bypass valve to condenser 3. Air to inboard MSIVs and safety turbine and RFFT.
delayed scram opens. relief valves isolated. MSIV andt

ADS valves have accumulator inside 3. CECSs are unaffected.may occur on
high drywell 3. Recirculation Pump A speed fized. isolation.

pressure due to 4. MSIVs may drift closed if accumu-
loss of cooling 4. Recirculation Pump 5 speed goes to 4. SJAE-B will start on low conden- lators leak.

50%. ser vacuum (25 in. high).

Scram may occur 5. Loss of some CBCS instrumentation
on turbine trip 5. FCV-32-62 (drywell control air suc- 5. RHR, CSS, RHRSW are not disabled. increases c>ance for operstor

due to low con- tion valve) fails closed. error.

denser vacuum
if SJAE-B does 6. SJAE-A fails. Auto-start of SJ AE-B 6. Normal power source to 16C Bus A is
not catch on loss of Train A also fails. 480 V SD-BD 1A, through a 440/120 V
pressure rise transformer. Auto-tressier to

7. HSIV isolation reset signal fails. 480 V SD-BD 2A.
Scram may occur
if MSIV accumu- 8. Loss of some RHR-1 instrumentation. 7. Refs.--E01-5
lator leaks 45W710-4

9. Loss of some CSS-1 instrumentation. IEC FMEA (79-27).
;

. . . . . .
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TABLE A-9. (Continued)
i

Failed
3 L
- Equipment Scram Type Primary Failure Effects Disabled Systems / Secondary Ef fects Comments. Notes. References
!

16C Bus A 10. Loss of some RHR$W-1 8. 16C Bus A is fed from bus ati

(continued) instrumentation. battery Board 1. Transfer to bus
,

at battery Board 2 is automatic.
Buses at battery board fed from
450 V shutdown boards.'

16C Bus B Delayed trip 1. TSV-32-63 fails closed. Drywell 1. Drywell cooling is lost. 1. Reactor scram is not obvious.
may occur on control air lost.
high drywell 2. Air to inboard MSIVs and safety 2. CSCS are unaffected.
pressure due to 2. Recirculation Pump B speed is relief valve is lost. MSIVs and
loss of drywell fixed. ADS valves have accumulator inside 3. MSIVs may drif t closed if |
cooling isolation. accumulators leak. I

3. Recirculation Pump A speed goes to ,

Delayed scram 50%. 4. Normal power source for Bus B is [
may occur if 450 V SD-BD 15. Auto-transfer to

j SJAE-B is oper- 4. Feedwater cont rol unaf fected. 480 V SD-BD 33.
; ating. Scram
1 may occur if 5. SJAE-B inoperable. SJAE-A is 5. Refs.--E01-5
I MSIV accumu- normally in use. 45W710-9 |

f lator leaks 16C FMEA (79-27).4

' b) 6. Loss of some BCIC system ,

'J instrumentation.
,

L

7. Loss of some RHR-11
instrumentation. j

j Unit preferred None. unless 1. Recirculation pump speed locks in 1. As long as turbine is operating, 1. Unit preferred is a continuous
- bus power demand on both pumps. EHC is powered by permanent mag- power supply; driven by motor-

j changes and net on shaft. Should trip occur, generated set.

feedwater 2. EHC loses normal power source. EHC is inoperable, thereby failing
j flux / flow level turbine bypass. 2. All Cf_ss, escept BCIC system

i
mismatches 3. CRD positioning capability lost. operable.

f.
4 occur 2. Scram capability exists. No rod

4. RCIC system start logic fails, positioning available. 3. Beis.--E01-6 >

'

45W710-4
5. Tawer lost to: 3. Loss of power to LC-46-5 causes IEC FMEA (79-27).

a. LM-46-6. master government to lock in place.
I b. LT-3-206. Operator must take manual control
3 c. LC-46-5 (easter feedwater with manual speed centrol.

'{ controller).
d. LC-3-53 (safety valve level

controller).

24 V DC None 1. Power lost to EHC master trip 1. EHC will not trip unless both A 1. Befs.--E01-5 |
Channel A Solenoid A. and B solenoid are tripped. 16C FMEA (79-27). '

2. Various process radiation monitors 2. Loss of intermediate range monitor
.'

lost. and source range monitor will
cause a " half screm."

_-- - _ . - .
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|

TABLE A-9. (Continued)
;

1

Failed
I
,

Equipment Scram Type Primary Failure Ef fects Disabled Systems / Secondary Effects Comments. Notes. References
!

; 24 V DC 3. Channels A and C source range
: Channel 5 monitor lost.

| (continued)
j 4. Channels A, C E, and C--

intermediate range monitor lost.

24 V DC None 1. Power lost to EHC master trip 1. See comments above. 1. Beis.--E01-5,

; Channel B Solenoid B. 16C FMEA (79-27).
|
i 2. Various process radiation monitors
! lost.

3. Channels B and D source range
monitors lost.

4. Channels 5. D F, and 11--
intermediate range monitor lost.

48 V DC sv-?en None 1. Annunciator system lost. 1. No significant affects 16C FMEA

37 ""* (79-27).
ha 125 V DC None
CD diesel

control power
system

Unit Eventually, 1. SJAE exhaust valves close. 1. Condenser vacuum will gradually 1. Ref s.--16C FMEA (79-27).
nonpreferred loss of be lost. At 600 pois (reactor
bus condenser 2. Recirculation scoop tube positioner pressure) the vacuum pumps can be

vacuum locks in place. used.

3. All high point vent valves in RHR,
CSS. HPCI, RCIC system will fail ,4

closed. 1,

4. Reactor manual control lost.

5. FCV-68-3, FCV-68-79 jog circuit
power is lost.

Plant preferred None 1. TM-24-70, TM-24-80, TM-24-85 1. These valves are the BCW valves 1. Crderly shutdown recommended.
bus open upon loss of power. to the BFFT coolers. In cold

weather, this will cause turbine 2. Refs.--E01-5
oil overcooling and subsequent 16C FMEA (79-27).
turbine vibration.

. . . . . .

__ d
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As can be seen from Tables A-8 and A-9, the most significant power
failure that results in a scram and causes loss of a front-line system
(i.e., the PCS) is a LOSP event. Tne effect of this important transient on

| the mitigating systems was accounted for separately during sequence,

| quantification.

Failure of the 250 V DC nonclass 1E bus or battery Board 1, since it
supplies power to 250 V DC nonclass lE bus, also causes a scram on high*

reactor pressure due to the pressure regulator failing closed. Manual con-
trol of feedwater is lost including reactor feedwater pump trip on high
reactor water level. If the operator fails to respond to high reactor water
level annunciation (i.e. , manually terminate feedwater, or, in the case of
loss of battery Board 1, manually transfer power to battery Board 2) a pos-
sible overfill condition could occur. The HPCI and RCIC systems could be
inoperable due to water in the steam lines, and relief valve operability is
not known under this condition. BF1 EDI-5, Section M, delineates the pro-
cedures the operator should follow given this initiator. Immediate operator
action requires manual transfer of the af fected board to the alternate

,

source. Subsequently, the procedure requires that if a reactor scram
occurs, the operator should manually trip the main turbine and close the2

high and low pressure steam supply to the reactor feed pump turbines. The
latter action is required to terminate feed pump flow since manual control
is inoperative (i.e., the operator can stop flow but he cannot control it).
Thus, the probability of losing a DC bus (approximately 10-6) times the
probability of the operator failing to subsequently respond to terminate
feedwater flow (approximately 10-2) makes this scenario insignificant

,

'

when compared to other transient sequences.

Postulated Cooling System Failures. The cooling water systems and the*

drywell atmospheric cooling system were treated in an analogous manner to
the electrical systems. The results are shown in the cooling water failure
chart, Table A-10.4

! Cooling system failures are not as significant as electrical system
failures. Loss of cooling loads does not represent as dynamic a situation
as loss of electrical power. System response and plant response is gradual
with significant time for operator action or recovery by alternate coolirig
systems. Failure of cooling systems is not considered to be a significant
transient initiator.

Causal Analysis of Transient Categories. Causal-type failure analysis
was performed on the 15 transient categories identified previously in Sec-
tion 2.2. Causal analysis is similar to fault tree analysis in that events
that can lead to occurrence of some undesired initiating event category are

,

depicted. However, in keeping with the ratio. ale of identifying events that
can affect other systems, as discussed previously in Section 2.3.2, only
those events that could originate in f ront-line or support systems and cause.

the transient are represented on the causal failure diagrams.

The 15 transient categories applicable to BFI are:
,

! 1. Closure of all MSIVs (Figure A-1).
I

2. Loss of condenser vacuum (Figure A-2).

A-29
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TABLE A-10. COOLING WATER FAILURE CHART

Failed
Equipment Screm/ Type primary Failure Effects Disabled Systema / Secondary Effects Cosments. Notes. References

Reactor building None 1. Loss of recirculation pump cooling. 1. No CSCS affected.
closed-cycle
cooling 2. Loss of dryvell cooling.

Drywell 1. Loss of drywell cooling. 1. If f ailure mode of the drywell air 1. If scram on drywell isolation, ADS
atmosphere is through isolation, drywell pres- valves will act be available if
cooling system sure will increase, causing reactor their accumulators leak.

scram.
2. Operator instructed to vent drywell

2. If f ailure mode is through loss of to the vapor space above the
heat sink, temperature will increase suppression pool.
but pressure may not. Operator will
initiate manual shutdown. 3. Ref.- E01-26.

y RHRSW None 1. No RHR heat exchanger cooling
u available.
O EECW None

Raw cooling Eventually 1. Loss of EHC cooling. 1. Loss of generator cooling is likely 1. NO C$CS equipment is disabled.
water to be the first thing to cause a

2. Loss of turbine oil coolers. trip. 2. EECW provides backup water supply
to critical loads.

3. Loss of reactor buildins component 2. If EHC has no cooling, turbine
cooling water heat sink. bypass will not be available.

4. Loss of generator cooling. 3. Feedwater probably not available.

5. Loss of reactor feedwater pump
turbine cooling.

6. Loss of condensate pump cooling.

7. Loss of drywell cooling
(through RBCCWs).

. . . . . .

_ . _ _ . _
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(d iFalse indication -

from PS472,
PS 176, PS482,
PS486 Fall RPS Bus B-

625 psig
* turbine inlet

pressure

Bypass faits open EHC failure.

(no external failure-

f interest)TCV fails open

Reactor water Level 2 Feedwater failure (see Figure A-3)

C'osure 1

Closure i ne flo V at >100% (see Fi2ure A 7)

of all *

MSIVs Sm n line break (not of interest)

Indication of:
~ high steam line temp ~

high steam line flow (Not caused by power f ailures)

- high steam line radiation -

Failure APS Bus A
~(double)

*

-Failure 250 V RMOV 1 A

_ Failure RPS Bus B-

(double)

- Failura 250 V RMOV 1B
INEL 21624

Figure A-1. Causal failure diagram for MSIV closure.

3. Pressure regulator fails open.

4. Loss of feedwater flow (Figure A-3).

5. Loss of of f site power (LOSP).

6. Loss of auxiliary power.

7. Increased feed flow at power.

8. Load rejection (Figure A-4).
,

9. Load rejection with bypass failure.

10. Turbine trip (Figure A-5).
'

11. Turbine trip with bypass failure (Figure A-6).
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'

_ Failure RPS Bus A
Power failure (double)'

to
pressure switches

- Failure RPS Bus B
.

Open vacuum breaker (not of interest)

.

Loss of two or more CCW pumps LCSP

Loss of
condenser
vacuum

Failure SJAE A Failure 1 & C Bus A
(double)

- Fal!ure SJAE B Failure I & C Buss B

.

'

Exhaust
valves Failure unit non-preferred bus
close

INEL 21625

Figure A-2. Causal failure diagram for loss of condenser vacuum.

12. Inadvertent closure of one MSIV (Figure A-7).

13. Pressure regulator fails closed.

14. Bypass valve fails, causing pressure increase.

15. Uncontrolled increase in recirculation flow.

Causal failure diagrams were prepared for those transient initiator
categories where failures in other systems can cause the initiating event
and at the same time, nulify portions of the mitigating systems. No dia-
grams were drawn for those initiating events that have a direct causal .

relationship (transient Categories 3, 5, 6, 7, 9, 13, 14, and 15).
Figures A-1 through A-7, as noted above. represent the causal failure dia-
grams f or the remaining seven transient categories. These diagrams should ,

be read f rom right to left, because the causes of the event are depicted to
the right. AlI branch points can be considered as OR logic except where
noted by " double," indicating AND logic, i.e., where multiple failure con-

dit ions must exist. A discussion of each of the 15 categories follows:
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Failure feedwater, inverter, and controlin Channel A

Trip on high
water
Level 8

.

Failure I & C Bus A, and control in Channel B

.

ss Loss of two or more
LOSPcondensate pumps

,

internal failure (not of interest)

INEL 21626

Figu re A-3. Causal failure diagram for loss of feedwater.

1. Closure of all MSIVs--This can be caused by steam line breaks, low

turbine inlet pressure, or low reactor water level. There are no
other single failures outside the system that can cause this

,
event.

2. Loss of condenser vacuum--Many actions start to happen on loss of
condenser vacuum. The second steam jet air ejector starts at
25 in. Hg, reactor scrams at 23 in., turbine trips at 22 in.,

"

bypass valves close at 7 in., and RFPT occurs at 7 in. The
initiation logic for these actions were determined to be powered
as follows:

SJAE A start 16C Bus A

SJAE B start 16C Bus B

RPS scram RPS Buses A and B

Turbine trip Instrumentation and trip solenoid power by
250 V DC nonclass 1E

Bypass valve Controlled and powered by electro-hydraulic
control power sources (i.e., 250 V DC nonclass
1E and 120 V AC unit preferred)

RFPT Instrumentation and trip solenoid powered by.
i

250 V DC nonclass lE.

|
| 3. Pressure regulator f ails open--This will cause a scram through

,

MSIV closure caused by low turbine inlet pressure or a direct
scram from high reactor water level.

>

>

|

|

l
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Plant external causes
(not of concern) . '

*

40% mismatch
Load between stator ctarrent Turbogenerator internal causes
rejection and turbine (not of concern)

crossover pressure
.

I

Failure of Otwer to pressure
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Figure A-4. Causal failure diagram for generator load reject. '
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4. Loss of feedwater--This was interpreted to occur in two ways:
(a) reduction of feedwater flow such that water level reaches
Level 2, closing the MSIV's, and (b) feedwater increases to water
Level 8, whereupon reactor trips, feedwater trips, and the turbine .

trips. Operator action is required to restore feedwater. Water
level was assumed to drop to water Level 2, whereupon MSIVs close
(making feedwater unavailakle') and HPCI system starts. Both'of *

*

these cases were addressed in the causal chart.

5. Loss of of fsite power--The dependencies of the f ront-line systems
on of f site power are clearly documented in all fault tree work to
date. No further analysis was done.

6. Loss of auxiliary power--Loss of incoming power to the' plant due
to yard station f aults is similar to transient Category 5. No
further analysis was done.

7. Increased feedwater flow--This is addressed in the causal chart,

Figure A-3.

8. Load rejection--There is one load reject trip function i.e., a

greater than 40% mismatch between stator electrical current and
turbine crossover pressure. This trips the turbine, which scrams
the plant if above 30% power. It was assumed that the originating

faults for load reject are largely external to the plant. Con-
,

sequently, no further analysis of this transient was done.

9. Load rejection with bypass failure--No single event was found to
*

cause this transient. There were no occurrences of this category

reported in EPRI NP-801 for any BWRs.

j 10. Turbine trip--There are 101 trip functions that cause turbine
trip. They were considered beyond the scope of the study.

11. Turbine trip with bypass failure--Failure of the 250 V DC nonclass
IE power supply has been identified to cause turbine trip and no
bypass. Lack of the 250 V DC nonclass IE fails power to PT-1-16A
and PT-1-16B, which are redundant pressure inputs to the electro-
hydraulic control. No pressure indication will cause the pressure
regulator to close. The reactor will scram on high pressure or
high flux. The bypass will also be unavailable since it is
controlled by the electro-hydraulic control.

Closure of MSIVs on steam Line A will also cause the same event,

because both pressure detectors are on Line A, downstream of the
MSIVs.

There were no occurrences of this category reported in EPRI NP-801 ,

for any BWR.
, .

12. Inadvertent closure of one MSIV--This event will not cause a scram'

through RPS logic. Depending on power level, it may cause a trip
through high flux or high steam line flow. Additionally, if steam
Line A is isolated, the pressure regulator will fail closed.

A-36
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13. Pressure regulator fails closed--See causal sheet, Figure A-6.
Same as Category 11.

14. Bypass valve f ails closed, causing pressure increase--This tran-.

sient can be initiated by operator error or electro-hydraulic
control failures. These failures were considered beyond the
scope of this study..

I 15. Recirculation flow increase--No external failures were identified
| that can cause this event.
1

Conclusions. The only significant power failure that causes scram and
a loss of a front-line system is the LOSP. This event will cause PCS to be
unavailable, and the effect is immediate. Failure of IIPCI and RCIC upon
loss of 250 V DC nonclass IE power is possible, but relatively improbable.
Loss of equipment cooling water systems is not significant because of the
allowable time for the operator to recover, e.g., to initiate alternate
cooling systems. The causal diagrams indicate that multiple f ailures must
coexist in mitigating systems in order to produce a transient initiator.

.
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3. LOCA AND TRANSIENT SYSTEMIC EVENT 1REES

A functional event tree describes the meaningful outcomes of accident
sequences, given that mitigating functions either respond or do not respond
to an accident initiator. A systemic event tree describes the meaningful *

outcomes of accidents, given that systems (i.e. systems provided to perform
the mitigating functions) either respond or do not respond to an accident
initiator. This section describes the systemic event trees developed in *

this study.

3.1 LOCA Systemic Event Trees

The LOCA systemic event trees are shown in Figures A-8 through A-13. |

The purpose of these trees is to show the interrelationships among the
various systems that perform the functions necessary to successfully miti-
gate the effects of a LOCA. These systems are defined as front-line
systems since their success or failure will directly affect the course of
the accident. The event tree headings consist of various arrangeme~nts of

,

these f ront-line systems in order of their response requirements or inter- |

dependencies necessary for the systems to mitigate the accident. The func-
tion that the system (or systems) is performing is listed in the area above
the system identification block.

The systemic event trees begin with an initiating event; then each
front-line system necessary for mitigation of the particular event is chal-
lenged for success or failure progressing from left to right across the -

tree. This develops the meaningful accident sequences in terms of the sys-
tem interrelationships. If no branch is depicted for a particular system
on the tree, it is assumed the system's response will not affect the con- .

sequences associated with that sequence or that system operation is pre-
cluded by other systems operation or phenomenological considerations. Each
sequence is given a unique identification code based upon the initiating
event identifier and the systems which fail for that particular sequence.

LOCA initiating events for BF1 were identified by break size and break
location with respect to fluid initially discharged from the break. This
was necessary because it was determined that the front-line system responses
and the consequences associated with the various initiating events varied
with break size and break location. For example, a large suction-line break
in the recirculation system requires different system responses than a large
discharge-line break in the same system. Where different system responses
are required, it is usually necessary to construct a different event tree
to adequately illustrate those responses. As a result, a number of LOCA
initiating events were identified and six systemic event trees were con-
structed to illustrate the system responses to these LOCAs.

Since many LOCA initiating events are used in this analysis, a mnemonic
coding scheme was developed to identify each initiating event. Break size *

was considered the most important factor in LOCA initiating event identifi-
cation. Three break sizes were identified for this analysis--large (L),
intern.ediate (1), and small (S). An L, I, or S is used to identify each .

LOCA break size. A subscript denotes the fluid initially discharged from
the break: L for liquid, V for vapor. During the course of the study, it

A-38
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Figure A-12. LOCA systemic event tree for intermediate steam break (Iy).
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was determined that a recirculation pump suction-line break required dif-
ferent system responses than a recirculation pump discharge line break.
Since these are both liquid line breaks, any initiating event involving
these break locations will have an S (suction) or D (discharge) substituted.

for the L that would normally be present for the subscript letter.

For example, a large break on the recirculation pump suction line.

requires a specific front-line system response for accident mitigation.
This LOCA initiating event identification code is Lg. In contrast,'a
small break on the recirculation pump suction line has the same system
response requirements as any small break, regardless of the break location
or the fluid being discharged from the break. Therefore the identification
code for any small break is S. Table A-11 provides a listing of the various

| initiating event identifiers used in this study.

;

TABLE A-ll. EVENT TREE LEGEND

f

Initiating
Event Identifier Initiating Event Description

i
Lg Transients where PCS is unavailable

,

L Large discharge-side breakD.

Ly Large steam break

.

I Intermediate liquid breakt
1

! Iy Intermediate steam break
i

S Small liquid or steam break

Transients where PCS is unavailableTU
'

Transients where PCS is availableTA

Tp Loss of offsite power transient
!

!

The event tree headings that follow the LOCA initiating event heading;

; identify the front-line systems that are necessary to mitigate the LOCA. A
letter with no mnemonic connotation was arbitrarily assigned to each system.
That letter represents the system throughout the event tree discussion. In

cases where a combination of various configurations of the same system could*

satisfy a particular function and thus appreciably affect the course of the
i sequence, each definition of success was listed as a system heading, and

the original system code letter (or identifier) with an arbitrary subscript-

was assigned to the specific system success definition. For example, the
core spray system has two success definitions, depending upon the initiat-
ing event. The core spray system code is F. FA represents successful
operation of two core spray loops. FB represents successful operation of

,

i
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one core spray loop. Specific system success definitiets are discussed in
Appendix B. The success codes, like the front-line system codes, preserve
their identity throughout the analysis. Table A-12 provides a-listing of
the various front-line system identifiers used in the event tree headings. *

TABLE A-12. FRONT-LINE SYSTEMS-LEGEND
.

7 Designator System Subscript Meaning

B CRD --
i

C VS --

<

'

D HPCI -- '

]
E ADS --

FA CS Two core spray loops

FB CS One core spray loop4

CA RHR (LPCI mode) Two LPCI pumps in same locp,

GB RHR (LPCI mode) Two LPCI pumps--one in each loop .

GC RHR (LPCI mode) Four LPCI pumps
.

C RHR (LPCI mode) One LPCI pumpD

J OP(0) --

K OP(C) -

M RPT --

N MSIV --

P PCS --

Q RCIC --

| R RHR (shutdown cooling) One RHR pump and associatedA
heat exchanger'

RB RHR (torus cooling) Two RHR pumps ano associated
heat exchangers .

V Manual depressurization -

.

W Booster and condensate pumps --

i

X RHR (SBCS mode) --

t

i A-46
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Each sequence on an event tree is assigned a unique identifier. The
identifier consists of the initiating event letter code along with the sys-

tem (s) failure code associated with a particular sequence. For example, the
sequence identifier for a large suction-side liquid break with subsequent.

failure of the torus and shutdown cooling modes of RHR would be designated
LgR R . This identifier will always refer to this sequence throughoutBA
this analysis.

,

Following each sequence (right side of figure) is an entry in a table
that shows the front-line system function failures associated with each
sequence. The table also contains a remarks section that shows the sequence
effects on the reactor core.

Specific conditions and requirements that govern the construction of
each event tree will be covered in the following discussion. Detailed sys-
tem descriptions for the front-line systems discussed in the following
sections will be found in Appendix B.

The success criteria delineated for each of the accident mitigating
systems are based primarily on information contained in the Browns Ferry
FSAR. In many cases, discussions with TVA personnel provided further
clarification or supporting analyses that resulted in the specific system
success criteria as given in the following sections.

3.1.1 Large Suction-side Break (L )g,

The systemic event tree for large breaks on the suction side of the
recirculation pumps is shown in Figure A-8. The initiating event (Lg) for-

this tree is a pipe break in the range fron 0.3 to 4.3 ft2 (approximately-
to-28 in, diameter). This is a liquid break somewhere on the suction side
of the large recirculation pumps used for recirculation of the primary
coolant within the reactor vessel.

Front-Line System Requirements. The following front-line systems will
be required to mitigate the effects of the initiating event.

Control Rod Drive (B)--Successful operation of the CRD system will
be necessary to successfully perform the reactor subcriticality function.
For this analysis, the control-rod drive system is considered to be failed
if: (a) more than 30 control rods throughout the core fail to fully insert,
(b) more than five adjacent control rods fail to fully insert.

Vapor Suppression (C)--Successful operation of the vapor suppres-
sion system will be necessary to successf ully perform the SCI function. For
the vapor suppression system to successfully prevent drywell pressure from
exceeding design limits, LOCA effluents must be discharged from the drywell

' to the torus water. Therefore, the vapor suppression system is considered
to be failed if bypass leakage exists between the drywell and torus airspace
such that the LOCA effluents are not driven through the downcomer pipes and
below the surface of the torus warer where the condensibles are condensed.*

Bypass could occur if one or more of the 12 vacuum breakers were open
during a small LOCA or if two or more breakers are open during a large LOCA.
These vacuum breakers are normally closed, with position indication lights

A-47
!

|

|

)



in the control room. They should be forced closed by the accident, and they
would not be opened until long after the initial occurrence of the accident
when the pressure in the wetwell might exceed the drywell pressure.

*
Should the torus rupture, the accident would be much more severe if the

rupture were to occur below the minimum water surface because vapor suppres-
sion would be ineffective, and the break could threaten a source of water
for ECI and DHR. *

Core Spray (F); Low Pressure Coolant Injection (G)--Successful
operation of the core spray system in conjunction with the low pressure
coolant injection (LPCI) system will be necessary to successfully perform
the ECI function. Failure to provide at least one of the following arrange-
uents of the core spray and low pressure coolant injection systems will
result in failure of the ECI function:

1. Two of two core spray loops (F ), and any two of four LPCI pumpA
combinations [i.e., two LPCI pumps in the same LPCI loop (G )A
or two LPCI pumps in different LPCI loops (G )l*B

2. One of two core spray loops (F ), and two LPCI pumps inB
different loops (C )*B

3. Four of four LPCI pumps (C )*C '

*Residual Heat Removal--Successful operation of the RHR system will
be necessary to successfully perform the DHR function. Failure to provide
at least one RHR pump with its associated heat exchanger will result in
failure of the DHR function. ~

There are two valve alignments or operating modes of the RHR system
that are available for successful performance of this function. The torus
cooling mode (R ) Pumps water f rom the torus, through the RHR heatB
exchangers, and returns it to the torus. The shutdown cooling mode (R )A
pumps water from the suction side of recirculation Pump A, through the RHR
heat exchangers, and back into the discharge side of recirculation Pump A.
Failure to provide at least two pumps and the two associated heat exchangers
in the torus cooling mode (R ) or at least one pump and its associatedB
heat exchanger in the shutdown cooling mode (R ) will result in failureA
to adequately remove decay heat from the core.

Front-Line System Interrelationships. When a large break occurs on the
i

!suction side of the recirculation pump (Lg), the CRD system is immediately
challenged. Should CRD fail, a vapor suppression system branch is still
included because, if the vapor suppression system is successful, the radio-
activity release as a result of the imminent core melt and subsequent
containment failure will be less severe than a release with no vapor sup-

,

pression action. A no-decision branch is included for the ECI systems if
CRD fails. It is assumed that core melt will result due to the " chugging"
phenomenon. Chugging refers to the situation where the reactor becomes

,

critical due to the introduction of relatively cold water into the core,
the water heats up and causes voiding which, in turn, cause the reactor to
become subcritical, and the process repeats. It was assumed that sustained
chugging will ultimately lead to core melt.
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With CRD success, a branch for vapor suppression system is necessary.
If vapor suppression fails, core melt will not necessarily ensue. Branches
will still be necessary for ECI systems. Vapor suppression success will
lead to branches for the core spray and LPCI systems..

Core spray and LPCI system branches follow the logic discussed in the
front-line system requirements section. Should these systems fail to per-,

'form the EC1 function, the core will rapidly melt, and no branches will be
necessary for RHR. When these systems are successful, the torus cooling or
shutdown cooling modes of RHR will have branches. ECI is required through-
out the accident; RHR functionability is dependent upon EC1 success.

When the RHR system fails to perform the DHR function, decay heat will
not be removed. Long-term cooling is therefore lost and ultimately the core
will melt and containment overpressure failure will result. And, as indi-
cated above, if the break occurs in Loop A, the DHR function is unavailable
in the shutdown cooling mode whereby water is taken from Loop A, cooled,
and returned to Loop A.

3.1.2 Large Discharge-Side Break (L )
D

The systemic event tree for large breaks on the discharge side of the
recirculation pumps is shown in Figure A-9. The initiating event (Lp)
for this tree is a pipe break in the same range as the suction-line break
(Lg). This, too, is a liquid break. However, the break is located on*

the discharge side of the recirculation pumps.

A point of interest with this break is the effect that it has with-

regard to LPCI system response. The LPCI system is designed and operated
such that each of the two LPCI discharge headers delivers flow to a separate
recirculation loop. The LPCI header discharges to the recirculation system
on the discharge side of the recirculation pump and prior to the recircula-
tion pump discharge nozzles. Since the LPCI discharge header cross-
connection valve is shut and deenergized, a break in the recirculation pump
discharge line automatically precludes the use of one loop (two pumps) of
the LPCI system. This is because the flow from the LPCI pumps in the broken
loop is lost through the break. Therefore, some of the branches for acci-
dent mitigation available in the large suction break event tree will not be
available for discharge-line breaks that are in the same range of break
sizes.

Front-Line System Requirements. With the exception of the front-line
system requirements for the ECI function, all front-line system requirements
for this initiating event are the same as the requirements for mitigation
of the large suction-side break (Lg). The ECI requirements are as
follows:

.

Core Spray (F); Low Pressure Coolant Injection (G)--Successful
operation of the core spray system in one arrangement, or the core spray in

,

conjunction with the low LPCI system in another arrangement, will be neces-
sary to successfully perform the EC1 function.5 Failure to provide at
Icast one of the following system arrangements will result in failure of
the ECI function for this initiating event:
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1. Two of two core spray loops (F )*A

2. One of two core spray loops (F ) and one of two LPCI pumpsB
(G )- *

D

Front-Line System Interrelationships. The front-line system inter-
relationships for this initiating event are the same as for the large .

,

suction-side break (L ). LPCI Loop A and LPCI Pumps A and C are unavail-3
able if the break should occur in Loop A because the coolant would be lost
out the break.

3.1.3 Large Steam Line Break (L )

The systemic event tree for large steam breaks is shown in Figure A-10.

The initiating event (Ly) for this tree is a pipe break in the range from
1.4 to 4.1 ft2 (approximately 16 to 27 in. diameter).

Front-Line System Requirements. All front-line system requirements for
this initiating event are similar to the requirements for mitigation of the
large suction-side break (Lg) except the front-line system requirements
for the EC1 function.

Core Spray (F); Low Pressure Coolant Injection (G)--Successful
operation of the core spray system in conjunction with the LPCI system will

*

be necessary to successfully perform the ECI function. Since this is a
steam break instead of a liquid break, the thermohydraulic effects of the
break will be considerably different from those associated with liquid

"

breaks. As a result, the system response requirements for performance of
the ECI function will be different from those necessary for liquid break
mitigation. Failure to provide at least one of the following system
arrangements will result in failure of the ECI function:

1. Two of two core spray loops (F )-A

spray loops (F ) and one of four LPCI pumps2. One of two core B
(G )-D

3. Four of four LPCI pumps (G ) *C

Front-Line System Interrelationships. The front-line system inter-
relationships for this initiating event are the same as for the large

suction-side break (Lg). The break location should have no effect on the
availability of f ront-line systems to cope with the accident.

3.1.4 Intermediate Liquid Break (1 )

,

The systemic esent tree for intermediate liquid-line break is shown in
Figure A-ll. The initiating event (It) for this tree is a liquid-line
break ranging from 0.12 to 0.3 ft2 (approximately 4 to 7 in. diameter). .

Front-Line System Requirements. With the exception of the front-line
system requirements for the EC1 tunction, all front-line system requirements
tor this initiating event are the same as the requirements for mitigating

the 1arge suction-side break ( Lg ) .
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HPCI (D); ADS (E); Core Spray (F); LPCI (G) -Since a liquid-line
break in the intermediate range will not depressurize the reactor as quickly 1

as a large break, the low pressure core spray system or LPCI system will not
effectively perform the ECI function until reactor pressure has been lowered

,
to the core spray /LPCI upper operating pressure limit, which is approxi-
mately 350 psig. Therefore, the HPCI system or the ADS must operate in
order for the reactor pressure to decrease fast enough to allow the core

,

spray or LPCI systems to adequately provide the ECI function. It should be
noted that, for the intermediate liquid-line break, the HPCI system will
not in itself provide adequate ECI function. However, the combination of
the HPCI flow and depressurization of the reactor due to HPCI operation
(steam is withdrawn from the reactor to run the HPCI turbine-driven pump)
allows HPCI to be an alternate depressurization method, allowing the low
pressure systems to inject the additional water for successful ECI.

Failure to provide at least one of the following arrangements of these
systems will result in failure of the ECI function for an intermediate
liquid-line break (I ):L

1. One of one HPCI pump (D) and one of four LPCI pumps (G ) # ""D
of two core spray loops (F )*B

2. Four of six ADS relief valves (E) and one of four LPCI pumps

(G ) or one of two core spray loops (F )*D B

Front-Line System Interrelationships. The front-line system inter-'

relationships for this initiating event are similar to those for the large
suction-side break (Lg). The only difference is that for the intermediate
liquid-line break the HPCI or ADS systems must assist the ECI function. ECI*

function failure will still have the same results.

3.1.5 Intermediate steam Break (I )y

The systemic event tree for intermediate steam-line breaks is shown in
Figure A-12. The initiating event (Iy) for this tree is a steam-line
break ranging from 0.12 to 1.4 ft2 (approximately 5 to 16 in. diameter).

i

Front-Line System Requirements. With the exception of the front-line
system requirements for the EC1 function, all front-line system requirements
for this initiating event are the same as the requirements for mitigation
of the intermediate liquid break (I ).t;

HPC1 (D); Core Spray (F); LPCI (G)--For this initiating event
(ly), the HPCI system will provide adequate flow for successful ECI. This
is because a steam-line break with equivalent size and upstream pressure as

i

liquid-line break will pass more heat per unit time. This in turn willa
drop pressure f aster with less loss of coolant inventory than an equivalent'

liquid-line break. The steam flow through the break will depressurize the
reactor rapidly enough for operation of the core spray or LPCI systems so
no operation of the ADS is necessary. Failure to provide at least one of*

the lollowing system arrangements will result in ECI failure for this
initiating event:
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1. One of one HPCI pump (D).

|- 2. One of two core spray loops (F )*B
o

3. One of four LPCI pumps (G )*D

! Front-Line System Interrelationships. The front-line system inter- ,

relationships for this initiating event are similar to those for the inter-
mediate liquid-line break (I ). The only difference is that, for thet
intermediate steam break, the HPCI system will successfully perform the ECI
function without assistance from the core spray or LPCI systems, and ADS'

pressure relief is not required for core spray /LPCI success.

3.1.6 Small Liquid or Steam Break (S)

The systemic event tree for a small liquid-line or steam-line break is.

shown in Figure A-13. The initiating event (S) for this tree is a liquid-
line or steam-line break that is less than 0.12 ft2 (approximately 5 in,
diameter).

Front-Line System Requirements. With the exception of the front-line
system requirements for the ECI function, all front-line system requirements
for this initiating event are the same as the requirements for mitigation
of the intermediate liquid break (I ).L

.

HPCI (D); ADS (E); Core Spray (F); LPCI (G)--The HPCI system is
designed to perform the ECI function without assistance from any other ECI-
front-line system when the LOCA (whether liquid or steam) is in the small- .

j break range. That is, HPCI provides sufficient flow to compensate for the

| liquid of steam loss from the break (as opposed to an intermediate liquid
break). Thus, for this initiating event (S), the successful operation of
the HPCI system will adequately perform the ECI function regardless of reac-
tor pressure. Should the HPCI system fail, the ADS system must depressurize
the reactor for successful operation of the core spray or LPCI systems.
Failure to provide at least one of the following system arrangements willi

i result in failure of the ECI function for this initiating event:

1. One of one HPCI pump (D).

2. Four of six ADS relief valves (E) and one of four LPCI pumps
(C ) r one of two core spray loops (F )*D B

Front-Line System Interrelationships. The front-line system inter-
relationships for this initiating event are similar to those for the inter-

mediate liquid break (It). The only difference is that, unlike the
intermediate break event sequence, the reactor will not depressurize imme-

,
'

diately following the break. This will preclude the use of the core spray '

i or LPCI systems for ECI because they are not ef fective at high reactor
pressures. Therefore, some means of high pressure injection is necessary'

for performance of the ECI function at high reactor pressure. This is' *

accomplished by the HPCI system. For this break range, the HPCI system,

i will deliver adequate injection flow regardless of the break location.
Should the HPCI system fail to perform this function satisfactorily, thei

,

!
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ADS system will activate on increasing drywell pressure and depressurize
the reactor so the core spray and LPCI systems can perform the ECI. function.
As in the other cases, should ECI fail, the core will melt.

*
3.2 Transient Systemic Event Tree Description

The transient systemic event tree identifies the combinations of sys-
' tems necessary to achieve the functional success described in the functional

event tree description. There are two systemic event trees describing the
two categories of transients: those where the PCS is unavailable
(Figure A-14) and those where the PCS is available (Figure A-15).

Specific conditions and requirements that govern the constructicn of
each event tree will be covered in the following discussion. Detailed sys-
tem descriptions for the front-line systems discussed in the following
sections are found in Appendix B.

3.2.1 Transients Where PCS is Unavailable (T }
U

The systemic event tree for transients that render the PCS unavailable
for accident mitigation is shown in Figure A-14.

Front-Line Systems Requirements. The following front-line systems will
transients.be required to mitigate the effects of the TU

.

Control Rod Drive (B)--Successful operation of the CRD system will
be necessary to successfully perform the reactor subcriticality function.
For this analysis, the control-rod drive system is considered to be failed.

if: (a) more than 30 control rods throughout the core fail to fully insert,
(b) more than five adjacent control rods fail to fully insert.

Overpressure Protection--The overpressure protection function
consists of a two part requirement on the primary system safety relief
valves. The first requires that a sufficient number of relief valves open
(Event J) to limit the pressure rise to below emergency stress levels.
Depending upon the transient and whether or not the reactor scram was caused
by a direct signal (valve position for example) or an indirect signal (high
flux or high pressure), a dif ferent number of valves must open to accomplish

Sequence T J is probabilistically insig-this function (see Table A-3). U
nificant because of the large number of relief valves available (13) versus
the maximum number required (10) per Table A-3. It was therefore not
considered further in the analysis.

The second part of overpressure protection requires that all relief
valves reclose (Event K) after pressure has been reduced below their set-
points. Failure of either of these functions results in a transient-induced

* LOCA sequence.

MSI; HPI; LPI--Successful operation of the VWI function requires
isolation of the main condenser from the reactor vessel and injection of*

water from either the high or low pressure systems.

For this analysis, main steam isolation (Event N) is considered to
succeed if:

A-53



.

_

-
-

r r r 7o o o 3
t t t 6s d d d d d d d d d d d d a

it it 2

- a a 1

r
le e e e e e e it

i i

L

e e e e ek lo lo lt lo lo lt loo lt lo lo lt lo lo lt lo lole
i i i E

t-

e e i n ne a e e e o o nr o o o o o o o o o oc c mc c m c c mc c mc c mlu m c c m A A A Ne e e w e e w e e w e e we e we e w C C Clia R o o lo o o o oo lo oo lo o o lo o olo
lt lt t

n e e O O Oe
Ir r r r r rr r r r r r

f

n C C S CC S CC S CC S C C S C C S MM L L L Mo .
it A A A A A Ac DHR X X X X X X / / / / / /n N N N N N Nu

A A AF VWi X X X / / /
= N N N

X X X /
<A

OP N
_

*

)
. RS X U

T
A (

. R.

A B e
R R X l

A B D D b
A R R O G a

c A R B B B B le
n A R B R F F F i
e R B R W W W WV au B R D D D D D D vq R O Q O Q Q Q Q N K J B ae
S U U U U U U U U U U U U nT T T T T T T T T T T T u

s

ifA i
= R R S

H H ,' ,' ,' ,' ,' ,' CD R P*
8

R e
r
eIi Iy | Ig Iy

hS
C w

XB
S e

e
-. rI

C t .

P D
. LG. t

1 n
_.

I v
e

P e
.

L p .

t~ c
-.

i

D m
N eWO t

1 C s
W y
V s

ET
P

. tD n
e

_
I

i
sC

P D n
i

H a
r

.
P TH- C

.

I

.- C O.

.
R 4

1

I V -
A- S I

NS
M M e

r
u

C) g
. (K iV

R F
- P P

O O-

- 0)
V(J

- R
t .
nn e

w is.- og n

RB
d ni aS S t l rR R C uoT
h o ,: SC =d

s n ==se nT T n U g Dg aaA A T e /i rr

_

T L SCT
_

_
_

_

.

>$.

-
-

s | ; ;' ; i !- ' | ! j | I



. _ __

a e . -. ,.

AT RS OP VWI DHR
X = Function failure

AT RS RPT OP PCS MSI HPl LPI RHR
R O V D

Trans CRD k'[] RV(0) RVtC) PCS MSIV FCIC HPCI DEP COND 1 LPCI SBCS 8[g* hi Sequence S P W H Remarks
Nsionator i R

A M J K 7 N O D V W Fg V x R R4T T B
Core cooled
Core cooledLegen<1 ,
Core cooledRecirc = Recirculation ] ,

S/D = Shut down TgPRg A X Slow meltR
Cig = Coohng Core cooled
Trans = Transient | Core cooled,

X Slow meltT POR RBAA
Core cooled,
Core cooledi

P X Slow meltTg QDRgR4
Core cooled,
Core cooledi

X Slow meltT PQDWR RBgA
Core cooled,
Core cociedi .y

T PODWF R Rg X Slow melti A BB
j Core cooled,

Core cooled
i ,

TgPQDWF O R RBDBA X Slow melt
T PODWF O X X N/A MeltA BD
T PODV X N/A MeltA
Tg N X N/A LOCA initiatorP

TK X N/AN/A LOCA initiatorA
X N/A N!A Core cooled,

T BP X N/A X N/A Melt8 A
T BM X N/AN/AN/A| Melt *A

INEL 21638

Figure A-15. Transient systemic event tree where PCS is available (T )*A
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1. Either an inboard or an outboard valve in all' four main steam
) lines shuts.

2. All four turbine valves and all four bypass valves shut. ,

! HPI is considered.to succeed if either the RCIC or HPCI. succeed.
.\ t #-LPI will fail if one of the following LPI systems in conjunction with

manual depressurization is not provided:
,

1. One of four LPCI pumps (C )-D

2. One of two core spray loops (F )-B
.

3. One booster and one condensate pump (W).

4. One RHRSW pump in the SBCS mode (X).
1

It should be noted that the one booster and condensate pump (Event W)
; may still be available depending on how the transient effects the PCS; i.e.,

the PCS can be unavailable but the condensate and boobter pumps might still'

work.

Residual Heat Removal--Successful operation of the RHR system will
be necessary to successfully perform the DHR function. There are two valve

*

alignments or operating modes of the RHR system that are available for suc-
cessful performance of this function. The torus cooling mode (R ) PumpsB
water from the torus through the RHR heat exchangers and returns it to the

*The shutdown cooling mode (R ) Pumps water from the suction sidetorus. A
of recirculation Pump A through the RHR heat exchangers and back into the
discharge side of recirculation Pump A. Failure to provide at least two-

j pumps and the two associated heat exchangers in the torus cooling mode
I (RB) or at least one pump and its associated heat exchanger in the shut-

down cooling mode (R ) will result in failure to adequately remove decayA;

heat from the core.
,

! Front-Line System Interrelationships. For transients where the PCS is
I unavailable, the CRD system must respond to achieve reactor subcriticality.
j Should CRD fail, a core melt is assumed. With CRD success, the safety

relief valves must open to relieve primary system pressure. Failure of
these valves to open is assumed to result in a primary system pressure
boundary rupture. Failure of these valves to reclose after opening or
failure of isolation valves in the main steam lines to close will also
result in LOCA initiation. Failure of a suf ficient number of safety relief

valves to open and failure of isolation valves in the main steam lines to;

| close were determined to be probabilistically insignificant compared to
! other LOCA initiation f requencies. However, initiation LOCA due to a SORV ,

is the most likely of all LOCA initiators and is similar to an intermediate
steam line break. However, since reactor subcriticality is already success-
ful and no choice for short-term containment integrity is required (the ,

discharge from the relief valves goes directly to the torus), this LOCA
sequence transfers directly into the intermediate steam break systemic event
tree (Figure A-12) at the ECI decision branchpoint. This initiator is
designated TgK for transients where PCS is unavailable and tpk for the
LOSP transient. .

A-56
s

. ..,. _ ___. _._ _ . -._ _.. ._ _... -, ,...,. _ ._ . -_ _ ...,- . _....,. . _ _ -- . ..- ._m ,m.-_ , . _ . - , , . , , . ,_,-..m_ _



r

The HPI systems branches follow the logic discussed in the front-line
systems requirements section. Should these systems fail to perform the VWI
function, manual depressurization will be necessary in order that one of
various LPI systems can function. VWI failure will result in a rapid core,

melt and no branches are developed for RHR. When VWI is successful, the
torus cooling or shutdown cooling modes of RHR will have branches.

,

When the RHR system fails to perform the DHR function, decay heat will
not be removed. Long-term cooling is therefore lost and ultimately the
core will melt and containment failure will result.

3.2.2 Transients Where PCS is Available (TA

The systemic event tree for transients where the PCS remains available
f or accident mitigation is shown in Figure A-15.

Front-Line Systems Requirements. The front-line systems needed to cope
with transients where PCS is available are as follows:

Control Rod Drive (B) -The success requirements for the CRD system
are the same as described previously for the TU transient systemic event
tree.

Peactor Pump Trip (M)--For one special case, failure to achieve a
subcritical condition with the control rods after a scram does not neces-*

sarily result in a core melt. If the RPT system and PCS are available to
remove heat via the bypass valves, then core melt will not occur. The
resulting power level after successful RPT is such that the capacity of the-

bypass valses is adequate to remove the heat being generated. Successful
RPT requires that both recirculation pumps trip upon receipt of the proper
reactor protection syr, tem signals.

Overpressure Protection--Since the PCS is still initially avail-
able following the initiating event, sufficient steam is being removed so
that no relief valves are required to open (Event J). However, it is likely

that some may open and therefore are required to reclose (Event K). Failure
of any valve to reclose results in a LOCA initiation.

Power Conversion System (P)--The PCS provides both the VWI and DHR
systems function by removing steam from the reactor, condensing the steam,
and returning the wat(r to the reactor via the feed pumps. Successful PCS
operation requires that the condenser is available and the feed system is
providing makeup water to the reactor vessel.

The success criteria for the remaining functions and systems are the
same as those described previously for the systemic event trees for the

,

transients where PCS is unavailable.

Front-Line System Interrelationships. For transients where the PCS
, remains available following the initiating event, the CRD system is chal-'

lenged to provide a reactor scram. CRD failure does not necessarily result
in a core melt if the recirculation pumps trip and PCS remains available.

, Either failure of either pump to trip or subsequent loss of the PCS results
in a core melt. With CRD success, spurious actuation of relief valves could

4
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result in a SORV condition. This LOCA initiator transfers to the inter-
mediate steam break LOCA systemic event tree (Figure A-12) at the ECI
decision branchpoint. This initiator is designated T K for transientsA
where PCS is available. g.

The PCS (if it remains available) can be used to bring the reactor to -

a stable shutdown condition. If the PCS fails before hot shutdown is ,
i achieved, MSI will be required so that the HPI and LPI systems can function.

The front-line system interrelationships for the HPI, LPI, and RHR systems!

i are the same as discussed previously for the TU transient systemic event-
tree.

I

.

b

a

i

!

e

f
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4. SEQUENCE DEPENDENT OPERATOR ACTIONS

4.1 Introduction

J The BF1 is designed to provide automatic safety system response to
accidents that could occur at the plant. The plant EOls tell the operator
to verify that all automatic actions have occurred and, if not, place con-

' trols on manual and make corrective manipulations. However, the operator
is cautioned not to place controls on manual unnecessarily when automatic
control is functioning properly unless some unsafe plant condition will
result.

In some cases, the operator is instructed to take equipment out of
service when it is no longer needed er when less than full system response
is required. For example, for a large break LOCA, E0I-36 instructs the
operator in Step IV.A, " Subsequent Operator Actions," to do the following:

When reactor level approaches normal, upon SRO approval, start
reducing the number of LPCI and core spray pumps until equilib-
rium is reached before the vessel is completely filled.

The following safety systems at BF1 rely solely on manual actuation
for proper system operation:

o RHRSW
,

e RHR

e EPS (bus transfers)*

ADS (manual depressurization)e

e SBCS.

Of these systems, only the manual operation of the RHR, and associated
service water system, and manual depressurization of the reactor vessel were
important from an accident sequence standpoint. The correct manual opera-
tion of the RHR and RHRSW systems is obviously required for a LOCA or tran-
sient sequence (where PCS is unavailable) to eventually result in successful
long-term DHR core cooling. Similarly, since the transient initiators do
not result in automatic ADS actuation (the high drywell pressure signal is
not present as it is for a LOCA), depressurization by the operator of the
reactor vessel with the relief valves is required to allow the LPI systems
to function, given that the HPI systems have failed.

4.2 System / Sequence Operator Actions

.

The following sections describe the operator actions required for each
of the above systems, the coded event name that appears on the fault trees,
and the rationale for the failure probability value assigned to the event.

3
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4.2.1 Residual Heat Removal Service Water

When it is determined by the operator that a RHRSW pump is needed and
which one is to be used, the appropriate pump is started. After the puup i
is running, the service water discharge valve for the associated heat
exchanger is opened until the desired flow is. reached. All'of-these actions a4

are done from the control room. ,.

The coded event name on the RHRSW fault tree for the operator failing

to initiate cooling is SOIO23_D, where S is the RHRSW system identifier;
01023 refers to Operating Instruction 23, which establishes the procedure;
and D is the failure-mode code for operator response error. The blank space
is filled in with A, B, C, or D depending upon the appropriate RHRSW header.

An explicit human error model was developed for failure to perform)

HEPobtainedfromthismodelis5.5x10ganreliabilityhandbook.6this action using Swain and Guttmann's hu The
per act. The human error

models that were developed can be found in Section 4 of Appendix B.

4.2.2 Residual Heat Removal

All modes of RHR operation other than the LPCI mode are manually
initiated. In the torus cooling mode, the operator must start the RHR pumps
and align the discharge valves to the desired flow path. In the shutdown
cooling mode, the operator must align the suction valves of the desired RHR ,

loop to the recirculation Loop A, start a RHR pump, and align the discharge
valves to the recirculation loop discharge path desired. All of these
actions are done from the control room. Operation in either of these modes ,

requires that the RHRSW system be put into service. 01-74 governs the pro-
cedure for establishing the above-mentioned RHR modes. The E0Is for the
potential accidents at BF1 instruct the operator to: "If necessary, initi-
are suppression pool cooling to maintain suppression pool temperature below
95'F." This can be achieved by removing heat directly from the torus (torus
cooling mode) or by removing heat from the reactor core directly, thereby
preventing further heat from being added to the suppression pool (shutdown
cooling mode).

The coded event names on the RHR fault tree for the operator failing
to initiate cooling are RRB0001D for torus cooling and RRA0001D for shutdown
cooling, respectively.

Detailed human reliability models were not developed for the operator
response to initiate these modes of RHR cooling since the actions required
of the operator are very similar to those required for establishing RHRSW
flow. However, since explicit models were not developed, a conservative
estimate of 10-3 per act was used for each RHR cooling mode rather than
the 5.5 x 10-4 per act probability obtained from quantification of the -

RHRSW HEP model. Since these actions did not contribute significantly to
any probabilistically significant accident sequences (even using this con-
servative value) a detailed model was not constructed. t
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4.2.3 Automatic Depressurization System

As previously mentioned, for those transient accident sequences where '

J the high pressure systems (HPCI and RCIC) are failed, the operator must use
the safety relief valves to depressurize the reactor vessel in order for the (
LPI systems to function. BF1 G01-100-1 governs these actions for those
sequences where the PCS is not available. GOI-100-1, Step VII, " Emergency,

Shutdown with MSIVs Closure," Item I states:

If MSIVs cannot be reopened, start suppression pool cooling with
RHR Sys. per 01-74. Upon the shift engineer's approval, start
depressurization of the reactor at a rate to decrease temperature
<90*F per hour by manually operating relief valves. Alternate
_

relief valve operations so that each valve is opened approxi-
mately the same amount of time.

Since only 4 of 13 valves are required to successfully depressurize,
failure of the operator to perform this act when required dominates the
probability of failure for this function. This event is Event V on the
transient systemic event trees.

An explicit HEP model was developed for this important operator
A value of 3 x 10-3 per act was obtained from this model.response.

This model is included in Section 4 of Appendix B. Further investigation

revealed that recovery actions should be considered for this model. A,

recovery model was developed that resulted in an HEP of 1.8 x 10-4,
Details of this model are also included in Section 4 of Appendix B.

*

; 4.2.4 Electrical Bus Transfers

E01-5 for BF1 covers a variety of postulated EPS bus failures. Sub-
sequent operation actions called for in these procedures provides for manual
transfer to alternate equipment (such as battery chargers) on buses toi

restore a given bus to service. These transfers basically require opening
a circuit breaker to isolate the failed source and then closing the breaker

;
' to the alternate power source. These events are coded in the basic form of

ACB D, where:

system identifier for the EPSA =

code for circuit breakerCB =

failure mode code for operator response error.D =

!

i No explicit models were developed for " Operator f ails to initiate
t rans fer." Due to the limited action required of the operator (i.e. , open-
ing and closing circuit breakers in the main control room), an assigned.

-3value of 10 per act was felt to be conservative since these actions are
similar to those required for placing RHRSW in service. Transfers as a

i means of recovery, as such, were not important to sequence quantification
for two reasons:

1. Electrical bus failures were dominated by local bus faults that
would not be corrected by transferring to alternate power sources.
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electrical buses were postulated to be failed to dethrain$ the
effect on mitigating systems. The only significant bus failure
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4.2.5 Stanoby coolant Supply System - i' [, , ''' _ ~' ' ;% j p,,,

; 3/ ,,

' ' 'The SBCS is a special mode of aligning,the'RPRSW to provide's "last-k
ditch" effort to provide river water injection 'to the core via the RHRSW and '

T "].

'RHR systems. E01-41 instructs the operator to verify >that one of the two; D ;

i or D , is running. Then'the cross-connect valves
,

header pumps, D
between the RHRSW and RHR systems,are opened and the D-heat exchanger outlet -

"f2

valve closed. . y; -3 I^^'
' ,~'' -'

, , .

;' /
The coded event name on the SBCS f ault tr e model,, for" the o'perator ._

7 %f ailing to initiate cooling is XE01041D, where: ,

f*

: ~,.

system identifier for the SBCS . '
"7 ' --X = -

- ,
-

/

' '
EDIO41 E01-41=

; " ,, -< ;- . .
failure mode code for operator re.sponsE error. 1/]D =

,

~ ~ .
,

.- .._ ,

OA value of 5 x 10-3 per act was obtained f rom a human er ror niodelifor
*

*

these required actions. The model for this action is pre ~rente.d in'Netion 4 . ' , ' '
of Appendix B. '. -- ' 1.. -

-

,
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r..-
NosequencesinvolvingSBCSfailure'wereprobkb'ilisticallyimportant i:,

since before the SBCS would be used, the high pressur'e injection' system's .{ s
'

would have to be f ailed along with the other low presst.re systems, i.e. , '/'
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FOREWORD

This report describes a risk study of the Browns Ferry, Unit 1, nuclear
plant. The study is one of four such studies sponsored by the NRC' Office %
of Research, Division of Risk Assessment, as part of its Interim Reliability
Evaluation Program (IREP), Phase 11. Other studies include evaluations of
Arkansas One, Unit 1, by Sandia National Laboratories; Calvert Cliffs,
Unit 1, by Science Applications, Inc.; and Millstone, Unit 1, by Science3

Applications, Inc. EG6G Idaho, Inc. was assisted by Energy Inc. , Seattle,
in its evaluation of the Browns Ferry, Unit 1, plant. Battelle-Columbus
Laboratories provided information regarding the fission product releases
that result from risk significant accident scenarios. Sandia National
Laboratories has overall project management responsibility for the IREP
studies. It also has responsibility for the development of uniform probe-
bilistic risk assessment procedures for use on future studies by the nuclear
industry.

This report is contained in four volumes: a main report and three
appendixes. The main report provides a summary of the engineering insights
acquired in doing the study and a discussion regarding the accident
sequences that dominate the risks of Browns Ferry, Unit 1. It also

describes the study methods and their limitations, the Browns Ferry plant
and its systems, the identification of accidents, the contributors to those
accidents, and the estimating of accident occurrence probabilities.
Appendix A provides supporting material for the identification of accidents
and the development of logic models, or event trees, that describe the
Browns Ferry accidents. Appendix B provides a description of Brcwns Ferry,
Unit 1, plant systems and the failure evaluation of those systems as they
apply to accidents at Browns Ferry. Appendix C generally describes the
methods used to estimate accident sequence frequency values.

Numerous acronyms are used in the study report. For each volume of
the report, these acronyms are defined in a listing immediately foll.owing
the table of contents.

O
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NOMENCLATURE

A The complement of A (a success event if A is a failure
event). (A may also be used to mean " unavailability.")

A Alarm
,

AC Alternating current

ACC Accumulator
ADS Automatic depressurization system
AH Alarm-high

0 AO Air operator
APRM Average power range monitor
AT Anticipated transient
ATWS Anticipated transient without scram

BF1 Browns Ferry, Unit 1, nuclear plant
BI Break isolation
BWR Boiling water reactor

CAD Containment atmosphere dilution
CCW Condenser circulating water

CD Complete dependence
CE Conductivity element
CIS Containment isolation system
Clg Cooling
COND Main condenser
CR-3 Crystal River, Unit 3, nuclear plant IREP study
CRD Control rod drive
CRDH Control rod drive hydraulic

CRDHS Cuntrol rod drive hydraulic system
CRW Clean rad waste
CS Core spray
CS&T Condensate storage and transfer

CSCS Core standby cooling system
CSS Core spray system
CST Condensate storage tank
CV Control valvei

D Demand
DC Direct current
DEP Depressurization
DG Diesel generator

DHR Decay heat removal
O Diff Different

DPI Differential pressure indicator
DPIS Differential pressure indicating switch
DPS Differential pressure switch

s DPT Differential pressure transmitter

EAC Equipment area cooling
ELCS Emergency core cooling system
ECI EmerFency coolant injection
EECW Emergency equipment cooling water
EHC Electro-hydraulic control

|
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S

EMI Electrical Maintenance Instruction
E01 Equipment Operating Instructions
EPRI Electric Power Research Institute
EPS Electrical power system
ESFAS Engineered safety features actuation system

e
F(*) Frequency of initiator in parentheses
FCV Flow control valve
FE Flow element
FI Flow indicator

*
FlC Flow indicating controller
FLS Front-line system
FMEA Failure mode effects analysis
FR Flow recorder
FS Flow ewitch
FSAR Final Safety Analysis Report
FT Flow transmitter
FWG Feedwater control
FWCS Feedwater control system

G Green
GOI General Operating Instructions

H High
H/L Higb/ low
HCU Hydraulic control unit
HCV Hand control valve
HEP Human error probability
HPCI High pressure coolant injection
HPCS High pressure core spray
HPI High pressure injection
HS Handswitch
HSS High speed stop
HVAC Heating, ventilation, and airconditioning
HX Heat exchanger

16C Instrumentation and control
16E Inspection and enforcement
IMI Instrument Maintenance Instruction
INJ Injection
IREP Interim Reliability Evaluation Program
IRM Intermediate range monitor

e
L Low
LA Level alarm
LD Low dependence

|

LER Licensee Event Repart
*

LIC Level indicating controller

( LIS Level indicating switch

| LL Low-low
LOCA Loss of coolant accident
LOSP Loss of offsite power
LPCI Low pressure coolant injection
LPI Lew pressure injection

B-xii
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LS Limit switch
LSS Low speed stop
LT Level transmitter

M Motor (operated valve)
MCR Main control room

'
MD Moderate dependence
MGU Master governor unit
MMG Motor generator
MMI Mechanical Maintenance Instruction

0 MO Motor operated
MOV Motor-operated valve
MSC Manual speed control
MSI Main steam isolation
MSIV Main steam isolation valve
MSL Main steam line

NA; h/A Not app?icable
NC Normally closed
NMS Neutron monitoring system
No Normally open

01 Operating Instructions
OL Overload
OP Overpressure protection
OP(C) Overpressure protection (relief valves closed)
OP(0) Overpressure protection (relief valves open)

PA Pressure ala rm
PB Pipe break
PCIS Primary containment isolation system
PCS Power conversion system
PCV Pressure control valve
PG 1 REP Procedure Guide
Pl Pressure indicator
PORV Power operated relief valve
PRA Probabilistic risk assessment
PS Pressure switch
PSCWT Pressure suppression chamber water transfer
P1 Pressure transmitter
PWR Pressurized water reactor

Q(*) Unavailability of system in parentheses
,

QA Quality assurance
.

R Red
RBCCW Reactor building component cooling water

'
* RBEDT Reactor building equipment drain tank

RCB Reactor coolant boundary
RCIC Reactor core isolation cooling
RCS Reactor coolant system
RCW Raw cooling water
RCWS Raw cooling water system
Recirc Recirculation
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,

!

: RFP Reactor feed pump
; RFPT Reactor feed pump turbine

RFWPT Reactor feedwater pump turbine
RHR Residual heat removal
RHRSW Residual heat removal service water

,

RMOV Reactor motor-operated valve ,,

RMS Remote manual switch
RPS Reactor protection system

,

j RPT Recirculation pump trip
j RS Reactor suberiticality; reactor shutdown; reactor scram

*
RV(C) Relief valve (closed)
RV(0) Relief valve (open)
RWCU Reactor water cleanup
RX Reactor

! S/D Shutdown
S/RV Safety relief valve

S/V Safety valve
SBCS Standby coolant supply1

"
SBGT Standby gas treatment
SCI Short-term containment integrity

SD-BD Shutdown board
SDV Scram discharge volume

,

SIV Scram instrument volume!

{ SJAE Steam jet air ejector
i SLCS Standby liquid control system

SORV Stuck-open relief valve
SRM Source range monitor

!

i TA Temperature alarm I

TCV Turbine control valve
TD Time delay
TDC Time delay contact
TDPU Time delay pickup
TE Temperature element
TIP Traversing in-core probe

,

1 TM1 Three Mile Island
TR Temperature recorder
Trans Transient
TS Technical Specifications; torque cwitch

; TVA Tennessee Valley Authority

UV Undervoltage

V Volts
VB Vacuum breaker
VO Valve open ,

'*
VS Vapor suppression
VSS Vapor suppression system

,

VW1 Vessel water inventory

i c An insignificant quantity, generally less than 10-8
.
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INTERIM RELIABILITY EVALUATION PROGRAM: ,

ANALYSIS OF THE BROWNS FERRY, UNIT 1, NUCLEAR PLANT

APPENDIX B--SYSTEM DESCRIPTIONS AND FAULT TREES

'' l. INTRODUCTION

1.1 General Discussion of Appendix B Contents

Sections 2 and 3 of this appendix contain the purpose of the system,*

the system descriptions (configuration and operation), and fault trees for
the various front-line and support systems listed below:

Front-line Systems

Reactor core isolation cooling (RCIC) system
Residual heat removal (RHR) system
High pressure coolant injection (HPCI) system
Automatic depressurization system (ADS)
Safety relief valves
Manual deprecsurization
Core spray system
Vapor suppression system
Control rod drive hydraulic (CRDH) system
Power conversion system (PCS), including condensate / booster pumps
Standby coolant supply (SBCS) system
Recirculation pump trip (RPT) system
Main steam isolation valves (MSIVs)

Support Systems

Electrical power system (AC power and DC power)
|

Residual heat removal service water (RHRSW) system
Emergency equipment cooling water (EECW) system'

Keep-full system
Condenser circulating water (CCW) system
Raw cooling water (RCW) system
Reactor protection system (RPS)

Equipment area cooling (EAC) and engineered safety features actuation
system (ESFAS) are not distinct systems at Browns Ferry Nuclear Plant.
Therefore, rocm cooling faults and ESFAS faults, i.e., faults in the auto-

initiation circuitry, are discussed under the corresponding system they~

serve.

In some cases, fault trees were not drawn for the system under consid-
eration. Instead, experience data from U.S. power reactor operating plants.

or values from WASH-1400,1 or similar NRC-sponsored studies, were used.
(Browns Ferry Unit 1 is functionally identical to the Peach Bottom Nuclear|

Plant analyzed in WASH-1400.) Analysis of front-line and support systems
not employing standard fault tree techniques are identified in this appendix
along with the method utilized. In general, each section for a front-line
and support system for which a fault tree was drawn and quantified contains
information in the following areas:
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1. System configuration, including:*

Overall configuration, with corresponding simplified diagram.a.

b. Support system interfaces and failure mode effects analysis
(FMEA). ,

c. Instrumentation and control,

d. Testing and maintenance during normal operations.
.

2. System operation, including automatic and manual operation of the
system.

3. System fault tree model, including:

a. Success / failure criteria.

b. Major assumptions used in the fault tree construction.

c. Basic events including: tables about the fault events
represented in the model; a failure data summary table, sup-
plying the failure data associated with these basic events;
and a list of the dominant contributors to the system's

unavailability.

For item 3, the dominant contributor cut-set list is shown for up to
90% cumulative importance. In some cases, the list goes only up to some
lesser cumulative value when a reasonable number of cut sets have been
listed, indicating that each cut-set contribution to the unavailability of
the system is small and would require the listing of hundreds to reach 90%
importance.

The criteria for listing the cut sets are:

1. Try to list at least the top 20 cut sets contributing to the
|
|

system unavailability.

2. List the cut sets until 90% of the system unavailability is

j achieved.

3. If there exist so many cut sets that the listing becomes unmanage-
able (e.g. core spray has over 700 cut sets that contribute up to

'

90% of the system unavailability), then attempt to list only
20 cut sets and when the individual cut set contribution to the
system unavailability is less than 1%, stop listing at the next
incremental change in contribution.

In addition, the cumulative importance contribution of the cut sets

I listed is indicated.
|

|
| Section 4 discusses the human error models and corresponding human

error probabilities that were derived for use in the fault tree models.
Section 5 discusses the rationale for arriving at the generic control
circuit unavailabilities used in this study.

B-2
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An event-naming code describing the eight-character events on the f ault
tree is given in Attachment A.

1.2 Shared Systems Between Browns Ferry, Units 1, 2, and 3

Browns Ferry is a three unit nuclear station. The three units are not,

independent and, in fact, share many systems between the units. The front-
line and support systems for Unit 1 that are shared with other units are
listed below:

,

o Power conversion system

Control rod drive hydraulic systemo

o Residual heat removal system

Electric power system (AC and DC)o

Residual heat removal service water systeme

Emergency equipment cooling water systemo

Raw cooling water system.o

This study was intended to address only Unit 1. However, because of
the large number of shared systems between units, it was necessary to
address the effects of certain failures, (e.g., loss of offsite power), on
a plant-wide basis. The following discussion details the extent of the
sharing of systems and the extent of the modeling of that interface in the

- fault trees.

1.2.1 Shared)f ront-Line Systems

Control Rod Drive Hydraulic System. The CRDH systems for Units 1 and 2
share a spare pump. Since pump operation is not required to accomplish a

. reactor scram, this shared interface has no ef fect on the analysis.
2 value of 3 x 10-5per demand-for-| Fu r t he rmore , since the NUREG-0460

failure-to-scram is used in this analysis, no fault tree was evaluated for,

the Browns Ferry, Unit 1 (BF1) CRDH system.
,

I

! Power Conversion System. Portions of the PCS for each unit are shared,

i notably the condenser circulating water (CCW) system and the condensate
storage ano transfer (CS&T) system. The WASH-1400 value of 7 x 10-3 was.

used for PCS unavailability in this analysis of the system, as discussed in
Section 2.9. The PCS unavailability was derived assuming one CCW pump

i operating (WASH-1400, Appendix 1, Page I-68). Considering all three pumps
'

are on-line at the time of the transient, we considered the probability of
losing all three CCW pumps to be small. Based on this sssumption, no con-*

sideration was given to account for the capability of cross-connecting to
the remaining units' CCW systems. Therefore, the sharing of the CCW system
was not modeled.

3

The CS&T system provides water to the individual condensate storage
i tanks (CSTs) for each of the three units. The CSTs not only affect PCS

B-3
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operation but also HPCI and RCIC system operation. In modeling this inter-
face, each CST was treated as a separate unit. Availability of water from
the CST is considered to be insignificant relative to active component
failures of the system, assuming normal operating level in the CST. During
the initial phases of an accident, availability of water in the CST is not
of prime importance, since there exists adequate inventory initially to "mitigate the effects of the accident. However, in the long term, this may
be an important factor and would be treated as recovery action if deemed
necessary for recovery. Because recovery was not explicitly treated in the
initial analysis of dominant accident scenarios, no credit is taken for the
ability to supply water from the other units' CSTs to the Unit 1 CST for *

its HPCI and RCIC systems operation.

Residual Heat Removal System. There are two important interfaces
between the RHR system and the other units. The first is the standby cool-
ant supply system (SBCS) (see Section 3.2), which allows the RHRSW system
to supply river water to the Unit I reactor or torus. The other interface
is a direct RHR-to-RHR interface, which allows the RHR system of one unit
to supply injection or cooling services to the other. Under normal condi-
tions the systems are isolated by valves and they act independently. Shar-

ing between units requires manual initiation and operator intervention.
Therefore, the RHR models for Unit I take credit for SBCS but do not take
credit f or any other RHR cross-connections.

1.2.2 Shared Support Systems

AC Electric Pcwer System. The EPS for the Browns Ferry are shared in
various ways. The nonemergency buses, which are powered, only by offsite
power, are shared between units. However, most of these buses do not supply
power to front-line systems, except the PCS. The emergency buses receive
power f rom either of f site power or the diesel generators. These buses
supply the bulk of the front-line and support systems.

Units I and 2 share the services of four of the eight diesel genera-

tors. The other four diesel generators are dedicated to Unit 3. A cross

tie from one generator in Unit 3 to its corresponding generator for Units 1
and 2 exists to provide power from one unit to another in emergencies. This

taken for this capability.operation is completely manual and no credit was

Unlike the other systems previously described, it is not possible to
isolate the Unit 3 buses from consideration when modeling EPS faults. This
is Lecause some of the pumps necessary for operation in Unit I during an
accident are powered frem Unit 3 buses, and vice versa. The RHRSW and EECW

-

systems are support systems that serve all three Browns Ferry units. These

systcms are necessary for successful operation of accident mitigating sys-
tems in Unit I and require AC power from the standby AC power system of
Unit 3. Since these tuo systems require power from Unit 3's 4160 V shutdown
boards for successful support capability to Unit 1 following an accident, ,

it was necessary to model this interface. Ucwever, no credit was taken for

Unit 3's capability to supply Unit 1 powe r buses in the case where Unit l's
diesel generators fail. Figure B-1 displays the dependency of the RHRSW
and EELW systems on the various buses.

i

B-4



.|| l |I(i |'

D
1 ',R pHRma 2u i|i,aP C ||! |I| | 4

4,l 1
. 2

s- _ Lr
e I kf

. E
.

O v
~ _ - Ws Ti| . N

_
i ' '

4_
l

|
. R

X ' }

AO- Hv
Sp< RmV 3 0 Hu iij._ i D3

GD.O
M " g

it
n RP t. - '

U ii[ _ s
r

Wp _
o[ r.

le ? d O
e V ; Cm

t

a
GC r

3 4_ ,
Eu .s Wa M ; EP e1 s D3 ne .?

t e S Ch eiv V g_4 le s
n C E h .

Ur Oo B Et i i_
i1I

uot M S o s ec

_ q_, GB ie iTa' s
e' d cD3r

_ 3 n2 etX it
inh _ _ n d

_ _
U nU e

GA pr 7 v. _ _y.

D3 er
de, L f

_v

Tii 4_ _c_._
- _ - Ws ._i a

rR } Sp _
AC-

X e- < RmH wV 0 Hu
t-

_ oO P
_ _R pM

_.
i,IA_ s

C e V ; Wp _ _ r __
| mr

ed O Cm~
_ _ _

1 tR .
_Wa M ; EuHp ~

se EP .l

i ! i_r_g__.
e Rm Ch ys E -~ h _1 s u s

Etit e P rv " o _ Wn
r " n Co~ * . _ _t

i
., ||I1!| I11 Ee, E__ _

_ _ W
a

/e
.r

r i|!

_ _ R
Se, kI

__'. ' - - - Ws _ _ R
H,

X ' G Sp __AB_
,

H > RmV /

_ _ _C

&_
O R2 3 Hu

X R P Ti|i HM

_ i

H _ _ R
t

n

_ _ _ _U U
B

>Q; d_
.

.;
_ _ _ _

r .1 eR p< d ?
1

L_i&_
H -Rm _ Wa Ti| _ _ Beu ChP

-

_ E h _ _ _ G e
A . Et

_ ,. , D s r
1 o Wp _ _ D. .. u r

_ _ tc
o u.

Cm _R _ s gHp Eu _ _
r iRm _ EP e

_ Fu n

| || ,I [ p ie_Ph eGC g
D<e

_ le
,lI 1! ||| ,4 _ s

_ ie
-' .

_ d' 'f' , . -- Tij- G
*

_ _ - Ws ~ -
2* ' ' '

BX -' }

AA Hv < Sp
,

D d
nRm aV 0

_O 2 3 Hu i1 1PX RM i X itt s
nH nH _ it
U U G s

p iii!,
rA.

D Ule .<r
t s e1

t e 'J| d > ,iiLs
a |

n We Ti|i v

Ur Cho Eot h Wpc EtT a r Cm .

e o Eur n EP

I1 || || | I||,|I, ||| |||| ||



~

DC Electric Power System. Sharing of DC power is less complicated than
the sharing of AC power. All the major DC loads necessary for accident
mitigation at all three units are supplied by three 250 V DC battery boards
and their associated batteries and chargers. Therefore, each battery board
was modeled,

e
Residual Heat Removal Service Water System. The RHRSW system has

12 pumps providing cooling water to all three units. Four of the 12 pumps
are dedicated to providing EECW flow, while the other eight are dedicated
to RHRSW flow. The model for this system takes no credit for those pumps

'dedicated to EECW service providing RHRSW flow, and vice versa.

An additional sharing feature involving RHRSW is that each cooling
header provides cooling to the associated RHR loop in each of the three
units. Two RHRSW pumps are normally aligned to each cooling header ( A, B,
C, and D). The nature of the RHR/RHRSW/EECW/EPS dependencies appears in
Figure ji-1.

Emergency Equipment Cooling Water System. The EECW system model takes
no credit for the eight RHRSW pumps not normally aligned to EECW service,
as mentioned in the RHRSW discussion. The EECW is completely shared between
the three units, which required modeling all four pumps and the associated
headers. The EECW system also interfaces with the RCW system to provide
cooling to the RHR room and to seel coolers when the RCW system is inoper-
able. Credit is taken for both systems when modeling faults associated
with RHR room and pump seal cooling.

Raw Cooling Water System. Each unit has three RCW pumps. Units 1
and 2 share a spare pump. Unit 3 has its own spare pump. All the RCW pumps
discharge to a common header, which in turn supplies the cooling loads in
each unit. When a unit is operating, three pumps per unit are required.
EECW automatically provides RCW cooling loads following an abnormal event.
In addition to this capability, should EECW fail, the appropriate recovery
action would be to cross-connect EECW with RHRSW. Considering these addi-
tional capabilities to supply the RHR room and seal ecolers under nonloss
o f ofisite power conditions, the capability of suppli.e Unit's 1 RCW loads
from Units 2 and 3 was considered inconsequential for this study. Hence,
no credit is taken for the pumps from Units 2 or 3 supplyiag the Unit I
loads.

1.3 Treatment of Test and Maintenance Restoration Errors

in general, test and maintenance restoration errors were not signifi-
,

cant i t. the BF1 study except f or miscalibrat ion errors, which are discussed
in Section 4 The test and maintenance restoration errors were not included
since liF1 maintenance and testing procedures require operability of compon-
ents to be demonstrated when returninF equipment to service after mainten-
ance; these procedures assure that components are not left in an iroperable -

state. For example, the emergency equipment cooling water Surveillance
Instruction (SI) 4.5.C states, "When returning an EECW pump te service af ter
maintenance to the pump, the following data must he included en SI 4.5.C.2
(EECW System Functional Test): pump flow, pump disc:.arge pressure, and
vibration amplitude. Additionally, SI 4.5.C.4 (EECF Lyster Annual Flew
Rate Test) must also be performed to provide operability per technical
specitications."
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2. FRONT-LINE SYSTEM FAULT ANALYSES

2.1 Reactor Core Isolation Cooling System

When the reactor is operating at power and loses normal feedwater flow,
the resulting transient may require a backup source of high pressure makeup,
water to maintain vessel water level. In addition, during periods when the
reactor is in hot standby, a high pressure source of makeup water is needed
to maintain vessel water inventory. The RCIC system is designed to meet |
both of these operational requirements. |

|'

|

2.1.1 Purpose i

The purpose of the RCIC system is to provide a source of high pressure
coolant makeup water to the reactor vessel in case of a loss of feedwater
flow transient. The RCIC system is also used to maintain the reactor in a
hot standby condition.

For events other than pipe breeks or transient-induced loss of coolant
accidents (LOCAs), the RCIC system has a makeup capacity sufficient to pre-
vent the reactor vessel water level from decreasing to the level where the
core is uncovered. This is accomplished without the assistance of an
emergency core cooling system.

2.1.2 System Configuration

Overall Configuration. The RCIC system consists of a steam turbine
assembly that drives a constant-flow pump and includes the associated pip-
ing, valves, controls, and instrumentation. Figure B-2 is a simplified

diagram of the system.

The RCIC turbine is driven by steam that is generated in the reactor
vessel. The steam is extracted from main steam Line C upstream of the main
steam isolation valves. The turbine exhaust is directed to the suppression

pool. Rupture disks in the turbine exhaust line provide turbine protection
should turbine exhaust line blockage occur.

The turbine-driven pump is provided with two sources of water for
injection into the reactor vessel. Normally, demineralized water from the
CST is used instead of injecting the less desirable water from the suppres-
sion pool into the reactor. However, the operator does have the option to
shift suction to the suppression pool if the need for this suction path
arises. Water from either source is pumped into the reactor vessel via

,

feedwater Line B.

j To prevent the RCIC pump from overheating during periods of reduced
system flow, a minimum-flow bypass line is provided. This line routes
apprcximately 75 gpm of water from the pump discharge path to the suppres-*

sion pool. Flow is controlled by the minimum-flow bypass valve (FCV-71-34).

Another line in the pump discharfe path is used for full-flow opera-
tional testing of the RCIC system while the plant is operating. A 1.5-inch
orifice in this line provides a discharge head to simulate reactar pressure.
If, during testing, an RCIC initiation signal is received, the two test

B-7



__. ._ _ _ _ __ _ . _ _ _ _ _ _ . . ,

Condensate supply header

{ 'l 712
[*f;"e

-s e-
FCV FCV FCV | | FCV FCV n2-170 71-19 71-25 | | 71-8 71 3

(CS7 , | WH N Lube oil Barom.
1-2 705 71-502 _ CST suction hne

'

N'0.416-in. cooter cond --

} orifice ~ - / RCIC steam supply lineLocked
E*" ; HPCI pump suction line ["E t,a e

y HPCI pump test bne n 71 9 e **-*7 Hydraulic Reactor
PCV ' 0'I vessel

f 71-22
/||

FCV FCV FCV Coohng water supply
supply line I2-171 73-36 71 38 s

71-556 FCV U . Turbine governor - -

-. . - j. ,- 71 10 valve-

;

Pump Turbine o0

Attached- - 1.5 in. s
7 ~ofitice ~ ' 4 0'I

FCV | pump
71-34 0 375-in.

orifice Cool ng }71-547 Minimum-flow water
{M /i !g'

- 1 ,s /
bypass hne return linel'

',
Minimum-flow

ob bypass valve

i Turbine exhaust ,
' _ s s -*

/ hne

HCV
71 14 71 580 69-579 69-580ACIC test line Rn -'-c< 7. N L1 e ur

op 3 66'
isolat6on Rupture

j
f

Suppression diskssensor v
E00'

~$1572FCV FCV FCV FCV FCV
'"' ~

HCV HCV 79 37 71 18 71-37 7139 71 40
751 71 16 71 508 __,, Suppression pool ) W_
{y' s/l ? b, " -, iNsuction line Discharge line -Locked Locked

} 568open open

Core spray
Feed Line Bsuction header

INEL 21443
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line isolation valves (FCV-71-38 and FCV-73-36) will automatically close.
FCV-71-38 will also close if either of the suppression pool suction valves
(FCV-71-17 and 18) is opened. FCV-73-36 will close if a high drywell
pressure signal is received.

Some of the RCIC pump discharge flow is directed through a pressure
,

' regulator (PCV-71-22) and a cooling water supply valve (FCV-71-25). The
flow then passes through the tubes of the lube oil cooler and into the
barometric condenser.

9 The lube oil cooler removes heat from the turbine lubricating oil sys-

tem. Oil flow through the lube oil system is accomplishe'd by the attached
lube oil pump. The lube oil pump supplies oil to the turbine bearings, to
the turbine trip throttle valve (FCV-71-9) to hold it open, and to the
governor control oil system. The attached lube oil pump is designed to
meet total oil requirements of the lube oil system over the entire speed
range of the turbine.

The barometric condenser receives drainage from the turbine gland
seals, the trip throttle valve packing, the governor valve (FCV-71-10)
packing, and the turbine exhaust thermostatic drain pot. The steam is con-
densed by a water spray from the cooling water supply line. Noncondensables
are removed by a DC powered vacuum pump and discharged to the suppression
pool. Condensate and liquid from the spray is collected in the receiver
section of the condenser and pumped back to the suction side of the RCIC
pump by a DC powered condensate pump. Startup of the barometric condenser
equipment is automatic upon RCIC system initiation. However, failure of
the barometric condenser equipment does not prevent the RCIC system from
fulfilling its design objectives.

The RCIC system controls automatically start the system and brir.g it
to the oesign flow rate of 600 gpm within 30 see af ter receipt of a reactor
vessel low-low water level signal. The system is designed to deliver the
design flow rate to the core at reactor vessel pressures ranging from 1120
to 150 psig. The RCIC systen automatically stops either when a high water
level in the reactor vessel is signaled, when steam eupply pressure drops
below 50 psig, or when other system parameters generate a trip signal.

RCIC system operation is designed to be completely independent of AC
power although some components interface with AC power systems. Only DC
power from the plant batteries and steam extracted from the reactor vessel

necessary for startup and operation of the system.are

Support System Interfaces FMEA. The RCIC system components interface-

with various AC and DC electrical systems, the control air system, and the
EAC system. RCIC pump lubrication and control system components are
integral to the RCIC system. Component / supporting system interactions are
given in Table B-1..

Instrumentation and Control. RCIC system initiation, trip, and isola-
tion are automatically controlled by various plant and system parametere.

System Initiation--The RCIC system will automatically start and
inject water into the reactor vessel when a reactor vessel low water level
is received at 476.5 inches above vessel zero.

B-9
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the turbine trip throttle valve (FCV-71-9) to hold it open,'and to'the' ,

~~ U ,w'jgovernor control oil system. The attachhd l'ube oi.1 pump is dtmi'r,tittd to I, '

meet total oil requirements of. the lube" oil system over the enti're speed -
< .

'
- 51 , 'range of the turbine.

-

.
~,; ,

c , ~ .' s .
The barometric condenser receives drainage from the;rurbine gland s * .

'

seals, the trip throttle valve packing, the governor valv'e' JCV,-71-10) ,

packing, and the turbine exhaust thermostatic drain pot.. The steam is con- 7

densed by a water spray.from the cooling water supfly line. Ncncondensables- .(
are removed by a DC powered vacuum, pump and'dischsfged to the suppre'ssion -

pool. Condensate and liquid from. the spray is col'.ected. in the receiver ' , . -
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section of the condenser and pumped bsek to the. suetion side of the RCIC , , - ,,
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pump by a DC powered condensate pump. _"Startup oh the barometric condens,er'
, 'equipment is automatic upon RCIC system initiation. UcvcVer, fa,ilure of j.

' ' 'the barometric condenser equipment:does ~ not prevert the~RCIC system from
'
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' 1ABLE b-1. RCIC SYT* TEM FMEA 0F COMPONENT / SUPPORTING-SYSTEM INTERACTIONS
-- ,7

s

i

Failure Mode.of_ Local Effects on , ,,

Component Supporting system Interface Support System Front-Line System Remarks

FCV-71-2 480 V AC RMCV-1B Terminal 13A No power to board; Valve remains in position FCV-71-2,is inboard isolation valve on
RCIC turbine steam line; normally openbreaker open -

valve

250 V DC RMOV Boards: Isolation Relays: No signal from Valve remains in position Both Relay 13A-K15 and 13A-K33 unast

-1C 13A-K15 control logic unless manually actuated f ail before valve will f ail to change
y

-1A - 13A-K33 state

FCV-71-3 250 V DC RMOV-1C Terminal 6B No power to boarJ; Valve remains in position FCV-71-3 is in series with FCV-71-2,

breaker open but located outside of drywell;

normally open valve

250 V DC RMOV Boards: Isolation pelays: No signal from Valve remains in position Both Relay 13A-K16 and 13A-K33 must
a -1C 13A-K16 control logic unless manually actuated fail before valve will fail to change

-1A 13 A-K33 state

LCV-71-5 Control air -- Insufficient air Valve fails closed LCV-71"5 is a solenoid-operated valve
that drains main steam line condensate
from the drain pot

to
I
~ 250 V DC'RMOV Board-1C LS-71-5 No signal from lxv-71-5 will not open If there is sufficient condensate in
C the steam line, f ailure of the' steam

line high pressure drain trap and a

coincident f ailure of ICV-71-5 to 8
open, combined with operator failure
to recognize associated valve position
indication and alarms, may cause
turbine damage

i

FCV-71-6A Control air -- Insufficient air Valves fait closed These valves are normally open when
FCV-71-6B pressure the system is idle, and closed when

the system is running

250 V DC RMOV Board-1C 13A-K41 No signal from Valves fait closed if there is sufficient condensate in
control logic the steam line and if the operator

ignores high drain pot level annuncia-,

i
tors and valve position indicators,

i turbine damage could result
j

I FCV-71-8 250 V DC RMOV-1C Terminal 4B No power to board; Valve remains in position FCV-71-8 is a motor-operated valve used

| breaker open to isolate RCIC turbine from steam
supply; closed when system is idle

250 V DC RMOV Board-1C 13A-K2 (closes on No signal from Valve remains in position --

reactor low water control logic unless manually actuated
level)

FCV-71-9 250 V DC RMOV-1C Terminal 58 No power to board; Valve remains in position Normally open turbine trip throttle
valve

|

; e 8 %
i
1
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i TABLE B-1. (Continued)
!

1

Failure Mode of Local Effects onr

| Component Supporting System Interface Support System Front-Line System Remark s

F CV-71-9 Mechanical over-speed Opens contact in Fails to reset Valve cannot be reopened Muut be reset locally at the turbine
(continued) trip valve open control

circuit

FCV-71-17 250 V DC RMOV-1C Terminal 8B No power to board; Valve remains in position FCV-71-17 is a normally closed isola-
breaker open tion valve in pump suction line from

suppression pool

FCV-71-18 250 V DC RMOV-1C Terminal 7D No power to board; Valve remains in position FCV-71-18 is a normally closed isota-
breaker open tion valve in pump suction it.no from

suppression pool

FCV-71-19 250 V DC RMOV-1C Terminal 6D No power to board; Valve remains in position FCV-71-19 is a normally open isolation
breaker open valve in the pump suction line from

the condensate supply; failure to
change position could cause RCIC
unavailability due to loss of suction,

when the CST is empty
tn

j, 250 V DC RMOV Board-1C Relays No signal from Valve must be manually FCV-71-19 is a normally open isolation
13A-K2--low reactor control logic activated valve in the pump suction line from the,,

water level condensate supply; failure to change
13A-K20--interlocked position could cause RCIC unavailabil-

I with FCV-71-18 ity due to loss of suction when the CST
' 13A-K21--interlocked is empty

with FCV-71-17
Will open automatically when reactor

j vessel low water level signal is

} present; however, will not open if
i FCV-71-17 and 18 are both open; will

close automatically if FCV-71-17 and
18 are both open,,

FCV-71-25 250 V DC RMOV-1C Terminal 8D No power to board; Valve remains in position FCV-71-25 is a normally closed isola-
breaker open tion valve in the lube oil cooling

line; failure to open will cause tur-
250 V DC RMOV Board-1C Relay 13A-K2--low No signal from Valve must be manually bine lube oil overheating and baro-

! reactor water level control logic activated metric condenser faults
r

3 FCV-71-34 250 V DC RMOV-IC Terminal 4D No power to board; Valve remains in position FCV-71-34 is the flow control valve in
, breaker open unless manually activated the minimum-flow bypass line
!

! 250 V DC RMOV-1C Relays: No signal from -- Condensate will drain from the CST to
. 13A-K5--initiation control logic the suppression pool when suction is

{ 13A-K8--high water from the CST. the RCIC system is
, level, isolation tripped, and FCV-71-34 remains open
j 13A-K19--low flow
J

|
i
|

|

, - ,_ _ . . -



TABLE b-1. (continued)

Failure Mode of Local Effects on

Corponent Supporting System Interface Support System Front-Line System Remarks

FCV-71-34 13A-K39--high water
(continued) level, low aucticn

pressure, high
exhasst pressure
FS-71-36--high flow

FCV-71-37 250 V DC RMov-1C Terminal 3b No power to board; Valve remains in position FCV-71-37 to a normally open isolation
breaker open valve in the pump discharge line to

the reactor vessel

250 V DC RM07 Board-lC Relay 13A-K3--low No signal from Valve must be manutlly Will automatical"y open on low water
reactor water level control logic activated level signal, if closed

FCV-71-38 250 V DC RNOV-Ic Terminal 78 No power to board; Valve remains in position FCV-71-38 is a normally closed isola-
breaker open tion valve in the pump test line to

the condensate storage tank

250 V DC 2MOV Board-IC Relays: No signal from Valve must be manually Failure of this valve to close combined
es 13A-K20--interlocked control logic activated with failure of HPCI test valve (FCV-
j, with FCV-71-18 73-36) to close could result in insuf-

13A-E21--interlocked ficient RCIC injection flow to the33
with FCV-71-17 reactor vessel or in contamination ca
13A-E2--low reactor the CST with suppression pool water
water level

FCV-71-39 250 V DC RMOV-lC Terminal 3D No power to board; Valve remains in previous FCV-71-39 is a normally closed inels-
breaker open position tion valve in the pump discharge line;

failure of this valve to open re sults
in failure of RCIC injection to vessel

250 V DC RMOV Board-lC Belay 13A-K2--low No signal from Valve must be manually Same as above
reactor water level control logic activated

FCV-71-40 Air operated via Test switch No signal to Valve will operate nor- FCV-71-40 is a testable check valve in
solenoid valve solenoid; loss mally, regardless of the RClc pump discharge line to the

of control air switch position, power reactor

pressure availability, or control
air pressure

Turbine Equipment area cooling Core spray Pump A No heat removal Turbine room will heat RCIC can operate for at least 8 hours
and C room coolers by EECW; no forced until turbine isolates at without EAC

convection by HVAC 200*F

Vacuum tank 250 V DC RMOV-1C Terminal IE No power to board; pump inoperable; baro- RCIC can function with pump inoperable
condensate pump breaker open metric condenser fills

with water

250 V DC RMOV Board-IC LS-71-29 activates No signal from Pump must be manually Starts on high vacuum tank level
Relay 13A-K22 control circuit activated

e e s 1
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i TABLE B-1. (continued)
i
e

Failure Mode of Local Effects on

Component Supporting System Interface Support System Front-Line System Remarks

Vacuum pump 250 V DC RMOV-IC Terminal 10E No power to board; Vacuum pump inoperable RCIC can function with pump inoperable
breaker open

250 V DC RMOV Board-IC Relay 13A-K3--low No signal from Pump must be manually Same se above
reactor water level control circuit activated

Division I control 250 V DC RMOV-1C Terminal 182 No power to board; Division I control logic RCIC inoperable
y

logic breaker open inoperable
j

i

Division 11 250 V DC RMOV-1A Terminal 9Al No power to board; Division 11 control logic One channel of BCIC isolation signal is
control logic breaker open changes lost; initiation logic changes from

, one-out-of-two-twice to two-of-two
i e
t w

250 V DC RMOV-1B Terminal IE2 No power to board; Initiation logic changes Initiation logic changes from one-ent-"
breaker open of-two-twice to two-of-two

r
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Four level switches are used to sense reactor vessel water level.
Relays associated with these switches arr' arranged in a one-out-of-two-twice
logic for RCIC initiation. Figure B-3 is a simplified diagram of the RCIC
system initiation circuitry.

When the RCIC initiation signal is received, the RCIC steam supply ,

valve (FCV-71-8) opens, the RCIC pump discharge valve (FCV-71-39) opens, the
cooling water supply line stop valve (FCV-71-25) opens and the minimum-flow
bypass valve (ECV-71-34) opens. The barometric condenser vacuum pump and
the vacuum tank condensate return pump will start. These component

*responses will result in water being pumped from the CST to the reactor
vessel via feedweter Line B.

In addition, the initiation signal will cause the CSI suction header
,

i isolation valve (FCV-71-19) to open if it is closed, unless both of the
suppression pool suction isolation valves (FCV-71-17 and 18) are already
open. The signal will close the two test line isolation valves (FCV-71-38
and FCV-73-36) if tt:ey are open. The normally open discharge line isolation
valve (FCV-71-37) will also open if it is closed.

The attached oil pump will meet the total requirements of the turbine,

hydraulic and lubrication system over the complete range of turbine speed.

When system flow reaches 120 gpm the minimum-flow bypass valve
(FCV-71-34) will close.

.

Turbine Trip--Any of the following conditions will cause the RCIC
turbine to trip:

1. High reactor vessel water level (582 inches above vessel zero).

2. Low pump suction pressure (greater than 15 inches Hg vacuum).
i

; 3. High turbine exhaust pressure (25 psig).
t

j 4. Any isolation signal.

5. Electrical overspeed (110% of rated speed).+

<

6. Mechanical overspeed (125% of rated speed).'

!

7. Remote manual trip from control room.
,

I
'

8. Local trip with manual trip lever.

f

A turbine trip will cause the following system effects:

( 1. Turbine trip throttle valve (FCV-71-9) closes. .

| 2. Minimum-flow bypass valve (FCV-71-34) closes.

The latter action is necessary to prevent drainage of the condensate
storage tank to the suppression pool.

>
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All of the turbine trip signals except the mechanical overspeed trip
energize a trip solenoid valve that dumps oil from the trip throttle valve
(FCV-71-9) and allows spring pressure to close the valve. The solenoid
deenergizes after the trip signals are clear, but the trip throttle valve
must be manually reopened. This is accomplished by using manual control of
the valve from the control room and running the valve to the closed posi- e

tion, (which relatches the' trip mechanism), and then by running the valve
to the open position, (which reopens the ealve).

w
When the mechanical overspeed device trips the trip throttle valve, ,

the overspeed device must be reset locally at the RCIC turbine before the
trip throttle valve con be reopened, as discussed above.

System Isolation--Any of the following conditions will cause the
RCIC system to be automatically isolated:

1. High temperature (200*F) of RCIC steam line space.

2. High dif ferential pressure of RCIC steam line (steam line break;
442 inches of water or approximately 300% of rated flow).

3. Low RCIC steam supply pressure (low reactor pressure; 50 psig).

4. High pressure of turbine exhaust line rupture disk (10 psig in the
space between rupture disks). (The rupture disks are designed to
rupture at 150 psig at 365*F.)

5. Manual isolation from the control room.

The RCIC isolation signal will cause the following system effects:

1. Turbine trip:

a. Trip throttle valve (FCV-71-9) closes.

b. Minimum-flow bypass valve (FCV-71-34) closes.

2. Inboard (AC) steam line isolation valve (FCV-71-2) closes.

3. Outboard (DC) steam line isolation valve (FCV-71-3) closes.

All isolation signals are sealed in and must be manually reset when
the condition that caused the isolation signal has cleared. An RCIC control

'

panel push button is provided for this purpose.

Testing. RCIC system testing requirements are summarized in Table B-2.
When a test places any part of the RCIC system in a condition that would
preclude proper system operation on demand, it is assumed that the test .

contributes to the overall system unavailability. Consequently, the test
is coded as a basic event and included in the system fault tree.

Where applicable, the basic event code for each test is included in
parentheses under the " Component Undergoing Test" column of Table B-2.

B-16
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TABLE B-2. RCIC SYSTEM IEST REQUIREMENTS SUMMARY

Components Aligned
Away from

Component Test Engineered Expec te d

Undergoing Type of Procedure Safeguards Test Expected Test
Test Test Number Position for Test Frequency Outate Time Remarks

|

FCV-71-2 Turbine steam line high flow S1 4.2.5-31 None (see remarks) Once every 2 hr Fower removed from both valves
FCV-71-3 functional test and month

} calibration

FCV-71-8 RCIC steam line space high $ 1 4.2. 5-32 FCV-71-8 (see Once every -- Shut and tagged (only if instrument needs
temperature functional test remarks) 3 months to be replaced)
and calibration

FCV-71-2 RCIC system initiation and SI 4.2.5-40A -- Once every Assume: 8 hr Valves FCV-71-8, 25, 34, and 39 have their
FCV-71-3 isolation logic--functional 6 months power removed
FCV-71-8 test FCV-71-8
FCV-71-19
FCV-71-25 FCV-71-25 If

FCV-71-34 FCV-71-34
FCV-71-37

tzs FCV-71-38
t FCV-71-39 FCV-71-39

[ (QS42 B40J) System rendered inoperable for duration
of test

-

RCIC system Automatic actuation S1 4. 5. F.1. s FCV-71-2a Once every Assume: I hr Valves FCV-71-2, 3, 19, 37, and 38 are

(QS45FIAJ) FCV-71-3a cperating repositioned to " normal" by test signal
FCV-71-9 (tripped) cycle and procedure

FCV-71-19a
FCV-71-37a Renders entire system inoperable;
FCV-71-388 repositioned when test complete

j RCIC pump Operability S1 4.5.F.1.b Flow controller Once every Assume: 10 min System will not deliver design flow with
i (QS45F1BJ ) (manual) month controller in manual, repositioned when

test complete

FCV-71-9 (tripped) (Repositioned
when test
complete)

FCV-714 Stroke 51 4.5.F.1.c None Once every - Cycled from standby to engineered
FCV-71-6A month safeguards position and back
FCV-71-6B
FCV-71-17
FCV-71-18 =

FCV-71-25
FCV-71-34



_ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ._______-_ _ - -.

.

TABLE b-2. (continued)

Components Aligned
Away from

Component Test Engineered Expected
Undergoing Type of Procedure Safeguards Test Expected Test

Test Test Number position for Test Frequency Outage Time Rema rk s

RCIC system Flow (normal steam pressure) SI 4.5.F.1.d Flow controller Once every Assume: I hr System will not deliver design flow with

(QS45 FIDJ ) and e (manual) 3 months controller in manual; renders system
FCV-71-9 (tripped) inoperable
FCV-73-36a
FCV-71-38a

to
f RCIC system Flow (150 pois steam pressure) S1 4.5.F.1.d Same as above Once every Same as above Same as above; [ assumes this SI is

{ and e operating normally done when reactor is shut down
cycle (i.e.. SI 4.5.F.2.d and e)]

Will reopen automatically if accident signal is present.a.

s

e e * )
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Maintenance. Upon reviewing the S71 maintenance schedules, only one
maintenance act was identified that was assumed to contribute to the overall
RCIC system unavailability. The RCIC turbine oil is changed semiannually.
This requires that the system be taken out of service for approximately
4 hours. It is assumed that the RCIC system will be unavailable for the
total duration of the maintenance act. |

3

Table B-3 is a summary of the RCIC system maintenance acts identified-
as a result of the review mentioned above. When the maintenance act is
considered to contribute to RCIC system unavailability, the act is coded as

c- a basic event and included in the system fault tree. Where applicable, the
basic event code associated with the corresponding maintenance act is
included in parentheses under the " Maintenance Requirement" column.

Technical Specification Limitations

1. The RCIC system must be operable prior to startup from a cold
condition or whenever there is irradiated fuel in the reactor and
the reactor vessel pressure is above 122 psig.

If the RCIC system is inoperable, the reactor may remain in opera-
; tion for a period not to exceed 7 days if the HPCI system is

operable during such time. When it is determined that the RCIC"

system is inoperable, the HPCI system must be demonstrated to be!

operable immediately, and weekly thereafter.

TABLE B-3. RCIC SYSTEM MAINTENANCE ACTS SUMMARY

Maintenance Instruction
'

Requirement Number Frequency Duration Remarks

Sample RCIC 1/2 day after Once every 1 hr Assumed: does
turbine oil S1 4. 5. F.1.d 6 months not take system

and e out of service
(drain 1 pint,
add 1 pint)

Perform quart- MMI-22 Once every 4 hr Visual inspection4

! erly inspection 3 months only

of RCIC system
~

Change RCIC 1 day before Once every 4 hr Assumed: system
turbine oil SI 4.5.F.1.d 6 months out of service

(QMOILCCJ) and e for 4 hr, per'

plant mainten-
ance supervisor*

Check movement MMI-22 Once every -- Assumed: does
j of RCIC year not take system

pedestal out of service4

sliding foot
.
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If these conditions are not met, an orderly shutdown of the reac-
tor must be initiated, and the reactor depressurized to less than
122 psig within 24 hours.

2. RCIC testing shall be performed as follows:
e

a. Simulated automatic actuation test (SI 4.5.F.1.a) once per
operating cycle.

b. Pump operability (SI 4.5.F.1.b) once every month. ,,,

Motor-operated valve operability (SI 4.5.F.1.c) once everyc.

month.

! d. Flow rate at normal reactor vessel operating pressure
(SI 4.5.F.1.d and e) once every 3 months.

e. Flow rate at 150 psig (SI 4.5.F.1.d and e or SI 4.5.F.2.d
and e) once per operating cycle.

1

] The RCIC pump shall deliver at least 600 gpm during each flow
test.

3. Whenever RCIC is required to be operabic, the piping from the pump
discharge to the last flow-blocking valve shall be filled. Water
flow from the high point vent must be observed monthly
(SI 4.5.F.1.b, d and e or SI 4.5.F.2.d and e).

2.1.3 System Operation

As discussed earlier, the RCIC system is designed to start and inject
water into the reactor vessel without operator intervention. However, it

' is necessary to manually shift RCIC pump suction from the condensate storage
tank to the suppression pool. It is also possible to manually start the

system. Both automatic and manual operation of the RCIC system will be
discussed below.

i

Automatic Operation. When reactor vessel level decreases to!

476.5 inch's above vessel zero the RCIC logic circuitry sends an initiation
signal to various RCIC components. Given a normal system lineup, as
depicted in Figure B-2, the following actions will take place. The turbine
steam supply valve (FCV-71-8), the cooling water supply valve (FCV-71-25),
the minimum-flow bypass valve (FCV-71-34), and the RCIC pump discharge valve ,

! (FCV-71-39) will open. Since the trip throttle valve (FCV-71-9) and the
turbine governor valves (FCV-71-10) are normally open, the turbine will

; begin to rotate. As the turbine increases speed, the RCIC pump discharge
| flow will also increase. When pump flow reaches 120 gpm the minimum-flow

bypass valve (FCV-71-34) will close. The turbine will continue to acceler- e
-

ate until pump output reaches 600 gpm. When this flow rate is obtained,

| the turbine governor will act to maintain a constant pump flow rate of
j 600 gpm, regardless of steam inlet pressure to the turbine.

The turbine control system will maintain turbine speed to provide con-
stant flow to the reactor vessel until a turbine trip signal or an isolation

signal shuts the system down.'

B-20
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Manual Operation. The system is manually started by transferring the
flow controller to " manual" and zeroing the controller. After verification
of a normal valve lineup, the cooling water supply valve (FCV-71-25) is
opened. The barometric condenser vacuum pump and condensate pump are
started. The minimum-flow bypass valve (FCV-71-34) is opened and the tur-
bine steam supply valve (FCV-71-8) is opened. This will start and acceler-

* ate the turbine to approximately 2000 rpm. The flow controller is then
adjusted as necessary to maintain reactor vessel level.

Whether the system is started automatically or manually, it is always
necessary to manually shift the RCIC pump suction from the condensate stor-4

age tank to the suppression pool, if the need for transfer arises. The
operator is alerted by either a high level alarm in the suppression pool or
low level alarm in the CST. This is accomplished by opening the two motor-
operated suppression pool suction valves (FCV-71-17 and 18). When both
FCV-71-17 and 18 are fully open, the CST suction valve (FCV-71-19) should
close automatically. If not, it will be necessary to close FCV-71-19 with
the switch on the RCIC control panel. Otherwise, pump suction could be lost
if the CST is pumped dry. However, for transients where the PCS is unavail-
able, it will not be necessary to shift RCIC suction to the suppression
pool.

2 .1. 4 Fault Tree

Figure B-4 is the RCIC system fault tree. The RCIC system, like the
HPCI system, is, in effect, a single-train system. Consequently, many
logical OR gates exist in the system fault tree. Since a reduced tree is
depicted in Figure B-4, many of these OR gates have been combined into one
tabulation OR (TAB OR) gate in order to save space and make the tree easier
to comprehend. The TAB OR gates were only used where system fault logic
would not be compromised by compressing the appropriate gates and their
corresponding basic events into one logic gate. Where this could not be
accomplished, reduction was not attempted and the fault logic is fully
developed.

The RCIC pump suction transfer logic is an example of fully developed
logic. In this case, the house event, QHOUSE2, is used to model suction
transfer faults when LOCA initiating events are being considered. For our

analysis, this section of the tree was not used since QHOUSE2 was never
turned on. The RCIC system is only used for transient mitigation. However,
should further study require consideration of the RCIC transfer capability,
the model has been structured to meet this requirement. A human error
probability (HEP) model was developed to cover this eventuality and is
included in Section 4. The following tabulation gives the house events and~

describes when each is "on" or "off":

House Event LOCAs Transients
*

QHOUSE1 Off On

QHOUSE2 Off Off

RCIC initiation circuit faults largely involve one-out-of-two-twice
logic and are relatively complicated to model. Consequently, the logic
associated with these faults is also fully developed where necessary.
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RCIC system fails to Part 1
deliver sufficient flow
to reactor vessel when

house events exist
O

Y
/N

Transient RCIC fails to
deliver sufficientevent

flow to reactor vesseloccurs .

OHOUSE1

T
I I I I I

RCIC Passive
T

pump No signal from No powerlubrication va6.e
,, initiation from 250 V DCN system faults circuit faults

" MOV board 1C
OPASSIVE

OPT 0100R OVM025UT
OPT 0100S OCK025UG

OOR030UE B
Ric

OYCO22UT
Part 3 EPS

Figure B-31
Discharge Steam Exhaust System A Part 3

Suct. ionline supply line due to test
faults faults line faults or maintenance

faults
OPP 0010F OVM008UT OVK580UP OMOILCGJPYK572BP OCK008UG OVS014UP OS45F1AJOVK040UP OVC010UT A ORD028UF OS45FIDJOVM039UT OlN010UT OS42840JOCK039UG ABSPREUC Part 2 OS45F1BJ

ABSPREUB

INEL 21445

Figure B-4. RCIC fault tree.
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Part 2
Suction

line
faults

T
I I

Insufficient insufficient flow fromflow from
CST suppression pool when

CST fevel is low
OVK502UP

O

U
I

MOV Insufficient
FCV 71-19 flow from

does not close suppression OHOUSE2CSTi

POOI low (Turned on for LOCAs,h levet if necessary)to

b
Tu

-

1 I
Local

Interface faults Suction
faults OVM019UT path Operator

OCK019UG faults falls to transfer
suctionO OVK508UP

OVM017UT
OCK017UG OXFER00D

{ OVM018UT
OCK018UG

I
No signal from
FCV 71-17 or 18 Operator

does not close
ORE 021UV FCV-71 19
OLS017UT
ORE 020UV
OLS018UT OVMO19UD

INEL 21446

Figure B-4. (continued).
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In light of the major assumptions used to develop the tree, the remain-
ing gates and system logic should be self-explanatory. These major assump-
tions will be discussed in the next following subsection.

Success / Failure Criteria. The top event in the RCIC system fault tree
is "RCIC system fails to deliver sufficient flow to reactor vessel when
house events exist." This top event represents the system failure defini-,

tion. The house events are: (a) transients where the PCS is unavailable,

and (b) LOCAs (if necessary; see previous discussion).

Therefore, failure of the RCIC system occurs if the system cannot*

deliver sufficient flow to the reactor vessel during transients where PCS
is unavailable or during LOCAs, if the system is ever required for LOCAs.
For this analysis " sufficient flow" was considered to be the design flow of
600 gpm. Any flow less than this amount was considered insufficient for
recovery and maintenance of vessel water inventory.

Major Assumptions. The following major assumptions were used in
construction of the RCIC system fault tree:

1. The RCIC system will be required to perform the HPCI function for i
'

all transients where the PCS becomes unavailable.

2. The system is initially aligned as shown in Figure B-2. This
implies, that to achieve successful injection to the vessel, the
only valves required to change state, other than those required
for turbine control, are: the steam supply valve (FCV-71-8); the
pump discharge valve to the feedwater line (FCV-71-39); and the
cooling water supply valve (FCV-71-25).

3. Faults in the minimum-flow bypass line downstream of the orifice
are not considered in this tree. The RCIC pump is designed to
maintain a constant discharge flow of 600 gpm. Since the minimum-
flow bypass line taps of f of the discharge line upstream of the
discharge flow sensor, any flow diversion through the bypass line
will be detected by the flow sensor, and the pump output will be
adjusted to maintain the 600 gpm flow setting. The orifice will
tend to reduce flow diversion to a minimum. Ruptures in the
minimum-flow bypass line were not considered due to the size of
the piping (see Assumption 4) and the fact that the RCIC system
is a constant-discharge flow system. It is further assumed that

, failure of the minimum-flow bypass to open will not significantlyI

f affect system operation unless a fault in the RCIC pump discharge
path to the reactor vessel exists. However, if a discharge path*'

fault causes a need for the minimum-flow bypass valve to be open,
the flow blockage in the discharge path will cause the RCIC system
to be unavailable, by definition, regardless of the position of
the minimum-flow bypass valve.

'.

.

4. Faults in pipes, valves, or system connections of a 2-inch diam-
eter or less are considered to have an insignificant effect on

|
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system operation. One exception to this assumption is the lubri-
cating oil system. Since many of the system components have a
direct dependence on this system, it is assumed that lube oil-2

supply and cooling faults could significantly affect system opera-
tion. Therefore, these faults are considered in the fault model.

|
< r

5. For transients where the PCS system is unavailable, it will not
be necessary to shift RCIC suction to the suppression pool. In a

transient or LOCA in which the decay heat removal systems fail,
water makeup to the primary system can generally be maintained

*
initially by injection from the CST. If the operators choose to
maintain sufficient makeup to just compensate for decay heat boil-
of f, the CST will empty (135,000 gallons assumed injected) after
about 15 hours. The operators would then be expected to switch
to injection of water from the suppression pool. Since stable hot

,

shutdown is defined to be the termination point for the analysis,
it was assumed that 8 hours was a realistic time frame to achieve
a stable hot shutdown condition at BF1 (see Appendix C, Sec-

tion 1.1 for further discussion of the 8 hour time f rame).

6. Any faults in the turbine exhaust piping that cause turbine~

exhaust piping overpressure are assumed to actuate the turbine
exhaust line pressure switches. This action sends a signal to
the turbine control circuitry that will initiate a turbine trip.
Turbine exhaust line rupture disk leakage will cause a turbine
isolation signal to be generated in the control circuitry, which
also causes a turbine trip. +

|

| 7. Faults in the condensate drain systems were analyzed and found to
be insignificant relative to the dominant contributors to RCIC
system unavailability. Essentially, in order for drain system
faults to cause turbine damage, there must be either a flooded

i steam supply line or steam line drain system faults that would
cause the condensate drain pots to fill. These faults must then;

j be combined with condensate drain pot level switch failure in
i order for significant amounts of condensate to remain undetected

in the steam supply line.

| 8. Passive failures of normally open valves that do not need to
' change state were considered if the passive failure could disable

the entire system. There were nine valves for this system, three
|

CST suction valves (FCV-2-170, 1-2-705, and FCV-71-19), two dis-
charge valves (FCV-71-37 and HCV-3-66), and four steam valvesi

*

I (FCV-71-2, 3, 9, and 10).

Basic Events. The information associated with the various basic events
listed in the fault tree are summarized in the RCIC fault summary shorti

: form, Table B-4. In addition, the failure data associated with these basic 4

events is summarized in Table B-5. Table B-6 summarizes the dominant'

contributors to RCIC unavailability.

!

i

5
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1ABLE B-4. RCIC SYSTEM FAUL1 SUMMARY SHORT FORM

Primary Failure

Fault

Event Failure Failure Duration Error
Name Event Component Mode Rate (br) Factor

QPP001UF RCIC pipe break (anywhere) Leakage / IE-10H/ 384 30
section section

PVK572BP Check Valve 3-572 Does not IE-4/D -- 3

open

QVK040UP Testable check Does not IE-4/D -- 3

Valve FCV-71-40 open

y QVMO39UT Discharge Valve FCV-71-39 Does not lE-3/D -- 3

3 operate

QCK039UG FCV-71-39 control circuit No output 3.2E-3 -- 10

QPT010UR RCIC pump Does not 3E-3/D -- 3

start

QPT010US RCIC pump Does not 3E-5/hr 37 3

continue
to run

QVM006UT Steam stop Valve FCV-71-P Does not lE-3/D -- 3

operate

QCK008UG FCV-71-P control circuit No output 3.2E-3 -- 10

QVC010UT Turbine govern control Does not 3E-4/D -- 3

Valve FCV-71-10 operate



TABLE h-4 (continued)

Primary Failure

Fault

Event Failure Failure Duration Error

Name Event Component Mode Rate (hr) Factor

QIN010UT FCV-71-10 control circuit Does not IE-6/hr 367 10

instrument operate

ABSPREUC 120 V AC unit preferred bus Short to 3E-7/hr 7 10

ground

ABSPREUB 120 V AC unit preferred bus Open 3E-8/hr 7 10

c i rcui t

3y QVMD25U1 Cooling water supply Does not IE-3/D -

y Valve FCV-71-25 operate

QCK025UG FCV-71-25 control circuit No output 3.2E-3 -- 10

QORU300E Lube oil cooler supply Plugged 3E-4/D -- 3

line orifice

QVCO22UT Pressure control Does not 3E-4/D --

Valve PCV-71-22 operate

QVK580UP Turbine exhaust line Does not IE-4/D --

check valve 71-580 open

QVS014UP Turbine exhaust line Does not IE-4/D --

stop check Valve HCV-71-14 open

QRD028UF Turbine exhaust line Leakage / 5.7E-5/hr/ 372

rupture disk rupture section

, e - s
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TABLE B-4. (continued)

Primary Failure

Fault

Event Failure Failure Duration Error

Name Event Component Mode Rate (hr) Factor

QMOILCGJ Change RCIC turbine oil Unavailable 9.3E-4 -- O

due to test or
maintenance

QS45FIAJ RCIC system automatic 7.7E-5 --

actuation Test SI 4.5.F.1.a

QS45FIDJ RCIC system flow 4.6E-4 --

Test SI 4.5.F.1.d and e

QS42B40J Initiation and isolation 1.9E-3 --

#
logic functional
Test SI 4.2.B-40A

QS45FlbJ RCIC pump operability 2.3E-4 --

Test SI 4.5.F.1.b

QVK502UP CST suction line check Does not IE-4/D -- 3

Valve 71-502 open

QRE021UV Relay 13A-K21 Does not IE-4/D --

energize

QLS017UT Valve open limit Does not 3E-4/D --

Switch LS-2 on FCV-71-17 operate

QRE020UV Relay 13A-K20 Does not lE-4/D --

energize



1ABLE B-4. (continued)

Primary Failure

Fault

Event Failure Failure Duration Error

Name Event Component Mode Rate (br) Factor

QLS018UT Valve open limit Does not 3E-4/D -- 3

Switch LS-2 on FCV-71-18 operate

QVM019UD Operator does not close Operator 4.5E-3/D -- 10

FCV-71-19 response
error

QVM019UT C S1 suction isolation Does not IE-3/D -- 3

Valve FCV-71-19 operate
w
b QLKOl90G FCV-71-19 control circuit No output 3.2E-3 -- 10
o

QVK506UP Suppression pool suction Does not IE-4/D -- 3

check Valve 71-508 open

QVM017UT Suppression pool suction Does not IE-3/D -- 3

Valve FCV-71-17 operate

QCK017UG FCV-71-17 control circuit No output 3.2E-3 -- 10

QVM018UT Suppression pool suction Does not IE-3/D -- 3

Valve FCV-71-18 operate

QCK018UG FCV-71-18 control circuit No output 3.2E-3 -- 10

QXFER00D Operator fails to transfer Operator 1.5E-3/D -- 10

suction response
error

e e e A
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TABLE B-4 (continued)

-

Primary Failure

Fault

Event Failure Failure Duration Error

Name Event Component Mode Rate (br) Facter

QRE002UV Relay 13A-K2 Does not lE-4/D -- 3

energize

RRE080AV Relay 10A-K80A --

RRE080BV Relay 10A-K80B --

RRE079AV Relay 10A-K79A --

'
af RRE079BV Relay 10A-K79B --

-

OPS 079AT Level indicating transmitter, Does not --

Switch 4, LITS-2-3-79A operate

OPS 079BT Level indicating transmitter, --

Switch 4, LITS-2-3-79B

OPS 072AT Level indicating Switch 4, --

LIS-2-3-72A

OPS 072BT Level indicating Switch 4, --' '

LIS-2-3-72B

. _ _ _ _ _ _
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1ABLE B-4 (continued)

Primary Failure

Fault

Failure Failure Duration Error
Event
Name Event Component Mode Rate (hr) Factor

042B19AJ Reactor low water Level 79A Unavailable 1.4E-4 -- 0

functional Test S1 4.2.B-1 due to test or
maintenance

042 B19 BJ Reactor low water Level 79B --

functional Test SI 4.2.B-1

7
w

--

042bl2AJ Reactor low water Level 72A"

functional Test SI 4.2.B-1

'

042B12BJ Reactor low water Level 72B --

functional Test SI 4.2.B-1

OPSLLVLX Core spray reactor Operator 2.4E-6/D -- 10

low level switches miscalibration

QPASSIVE Passive valve faults Does not 1.lE-3/D -- 3

remain open

, n= =
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1ABLE E-5. RCIC SYSTEM FAILURE DATA SUMMARY

:
' Time to Time to Fault

Detect Repair Duration Time' UnavailabilityFailure
Component / Ac tivit y Mode Failure

(T ) (T ) (T = TD+T) Probability (A) RemarksR( Co de ) (Code) D R

Electrical bus (BS) Open circuit 0 hr 7 hr 7 hr 3E-8/hr 2.1E-7 TD = 0, because f ault will be
(B) detected immediately Tg.

WASH-1400. Table 111 5-2,
(instrumentation)

1 = IEEP, Table 3B, wire data;
decreased by order of magnitude
because buses are much less likely

. to open than wires (engineering
! judgement)
i

!
Electrical bus (BS) Short to 0 hr 7 hr 7 hr. 3E-7/hr 2.1E-6 TD = Tg, same as above

ground (C) 1 = IEEP, Table 3E; wire data

Motor-operated valve control No ou t pu t (C) 360 hr 7 hr 367 hr 7.7E-6/hr 3.2E-3 A * 4.lE-4 + 7.7E-6T

Tg--WASH-1400. Table III 5-2circuit (CK) +

4.1E-4/D TD = half test interval; based
Ef on pump operability test and
La stroke time test; once per month
u

T --based on pump operabilityGovernor instrumentatica Does not 360 hr 7 hr 367 hr IE-6/h r 3.7E-4 D
(transmitter, amplifier, output operate (T) check; once per month

devices) (IN) Ta--WASH-1400. Table 11I 5-2

Limit switch (LS) Does not -- -- -- 3E-4/D 3E-4 --

operate (T)
i

.

Orifice (OR) Plugged (E) -- -- -- 3 E-4 / D 3E-4 --

t

Pipe (PP) Leakage / 360 hr 24 hr 384 hr IE-10/hr 3.8E-8 Tg = 24 hr, assumed time to
i rupture (F) shut down plant

f! Tp--based on pump operability
test; once per month

,

Process switch (PS) Does not -- -- -- IE-4/D 1E-4 --

j
operate (T)

RCIC pump (PT) Does not start -- -- -- 1E-3/D 1E-3 --

(R)

RCIC pump (PT) Does not run 0 hr 37 hr 8 hr 3E-5/hr 2.A E-4 Ta--uAsu-1400, Table III 5-2
(S)

T --based on pump operabilityRupture disk (RD) Le akage/ 360 hr 12 hr 372 hr 5.7E-5/hr 2E-2 D
rupture (F) check; once per month

Ta plant-specific data
1--based on plant-specific data

_ _ - _ _ _ - _ - _ _ _ _ _
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1, TABLE B-5. (continued)
'

Time to Time to Fault
* " U availability

Component / Activity e yailure

(Code) (Code) D R D R Probability (A) Remarks

'Relay (RE) Does not -- -- -- 1E-4/D 1E-4' --

energize (V)

Control valve (VC) Does not -- -- -- 3E-4/D 3E-4 --

operate (T)

Check valve (VK) Does not open -- -- -- 1E-4/D IE-4 --

(P)

Motor operated valve (VM) Does not -- -- -- IE-3/D 1E-3 --

operate (T)

RCIC turbine oil change (QMOILCGJ) Unavailability -- -- -- -- 9.3E-4 Performed once every 6 months;
due to test or duration, 4 hr
maintenanc e
(J)

-- -- -- -- 1.9E-3 Performed once every 6 months;tD Initiation and isolation logic Unavailability

O functional test (QS42 B40J ) due to test or duration, 8 hr

x- matntenance
(J)

RCIC pump operability (Qs45F1BJ) Unavailability -- -- -- -- 2.3E-4 Performed once per month; duration.
due to test or 10 min.
maintenance
(J)

Stop check valve (VS) Does not open -- -- -- IE-4/D 1E-4 Used same unavailability se for
(P) check valve (VK)

Governor instrumentation Does not 360 hr 7 hr 367 hr IE-6/hr 3.7E-4 T --based on pump operabilityD
(transmitting, amplifier, output operate (T) check; once per month

devices) (IN) Tg--WASH-1400, Table 111.5-2

System flow test (QS4SF1IU ) Unavailability -- -- -- -- 4.6E-4 Performed once every 3 months;
due to test or duration, I hr; see Table B-2

maintenance
(J)

Core spray system process switches Unavailability -- -- -- -- 1.4 E-3 See core spray system documentation
(QPSO, J) due to test or

maintenance
(J)

Control valve (VC) Does not -- -- -- 3E-4/D 30-4 --

operate (T)

4

9
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TABLE b-5. (continued)
'
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, f,{.4 * '
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'

tiv.e *.c five to Ssult
'

// s .

<

De t ec t ' Repair Duration TI;.e*, i* W' Ur.weilability
j Fdlure. . ,

Component / Activity Mode -/g *. ' ( T*) (T = TD + C R)--, Tr s%bility -..
T (A) Reserks(Code) _ (Co6;) r

*
_

4*
, 1 )- .f

.
I- -- * I F-E, D 9E-4 Nine normally open valvesNormally open valves (QPASSIVE) Deer rot recain ^--

o pf!S g

9 /

Core spray system low level Operate- j -.
,

2.4 E-6 See model, Sectian 4-- -- --*

switches (OPSLLVLX) miscal11 ratesm
I switche s . (X )

W ,

V ,

a. If TD = 0, then T = TR if the mission t ia.e (8 hr) >T . If To = 0, then T = mission time (8 hr) if mission time iTg.R
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TABLE B-6. RCIC SYSTEM CUT SETS

Importance Potentially

Unavailability (%) Cut Sets Recoverable
__

-

2.0E-2 47.5 QRD028UF No
3.2E-3 7.6 QCK039UG No
3.2E-3 7.6 QCK025UG No
3.2E-3 7.6 QCK008UG No

'3.0E-3 7.1 QPT010UR No

l.9E-3 4.5 QS42B40J No
1.0E-3 2.4 QVM039UT No
1.0E-3 2.4 QVM025UT No
1.0E-3 2.4 QVM008UT No

Cumulative 89.1
importance

2.2 Residual Heat Removal System

2.2.1 Purpose

The RHR system provides water at low pressure to the reactor to restore
and maintain water level following a LOCA. It also provides a means of
removing the residual heat of the reactor after shutdown either by direct
cooling of the reactor water or by cooling of the torus water.

2.2.2 System Configuration

Overall Configuration. The RHR system consists of two loops. Each
loop has a suction line, two pump and heat exchanger combinations , and a
discharge line. The loops take suction on the pressure suppression pool
(torus) or the reactor recirculation Loop A. Each loop discharges to the
reactor, containment sprays, or torus cooling headers, depending on the mode
of RHR operation. The low pressure coolant injection (LPCI) mode takes
water from the torus and pumps it into the reactor recirculation discharge
piping. Shutdown cooling takes water from recirculation Loep A, cools it
in the heat exchanger and returns it to the reactor via the same discharge
path as the LPCI mode. In torus cooling, the cooled torus water discharges *

to the torus spray header or torus test return line. The standby coolant
supply (SBCS) system uses the RHRSW system to inject river water into the
reactor via the same discharge path as LPCI mode (on Loop 2 only).
Figure B-5 shows a simplified drawing of Loop 1 of the RHR system. The RHR ,

system d rawing shows all t he major component s included in the fault trees.
The valves are shown in their normal positions with the suction aligned to
the torus. Loop 1 is shown in the drawing; Loop 2 is similar.

There a rc tour modes of RSR operation modeled in the fault trees: the
1PCI mede, shutdown cooling mode, t orus cooling mode, and SBC mode. For

B-36
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the LPCI mode, there are f our dif f erent success criteria, code with its own

fault tret. The letter designations in the LPCI fault trees correspond to
the designation in the event trees for the various LPCI success criteria.

LPCI Modes--There are four combinations of the LPCI mode of RHR
modeled i r, the fault trees. The dif ferences between the modes concern the ,

number of RHR pumps necessary to mitigate the accident or transient.
lable B-7 gives the success criteria (G.A, GBe CC, and G ) for the9
appropriate modes.

No operator act ion is required to initiate the LPCI mode. With the '

valves aligned as in Figure B-5, the RHR pumps receive a start signal from
the initiation circuitry. The normally closed discharge valve in each loop
opens upon receipt of this same signal and a reactor low pressure permis-
sive. The other valves in the torus cooling and containment spray discharge
paths automatically receive "close" signals as do the shutdown cooling suc-
tion valves. This interlock signal drops out after 5 min allowing the
operator to switch to another mode of RHR.

Shutdown Cooling Mode--The shutdown cooling mode of RHR is used
in both transients and accident mitigation. All operations to initiate
shutdown cooling are manual. The suction valves are manually opened, and

TABLE B-7. RiiR SYSTEN OPERATIONAL MODE SUCCESS CRITERIA

Designation Success Criteria Applicable Event Trees

GA Two LPCI pumps in the same loop LarFe suction break
deliver rated flow to the core

Gg Two LPCI pumps in different Large suction break
loops deliver rated flow to the
cote

G Four LPCI pumps deliver rated Large suction breakc
flow to the core Large steam break

Go One LPGI pump delivers rated Large discharge break
flow to the core

Large steam break Inter-

mediate breaks small breaks
*

transients

RA One pump and heat exchanger All
circulating reactor coolant

.

Rg Two pumps and heat exhangers All
circulating torus water

R3 One RhRSW pump delivering rated Transients
t iow t ransient s to resctor

through RHR loop 2
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l

the normally open torus suction valve for the pumps being used are closed.
Injection into the reactor is via the same lines and piping as the LPCI
mode. The pressure interlock on the discharge valves is the same as the
LPCI mode. Cooling to the heat exchangers from the RHRSW system is
required in this mode.

.

Torus Cooling Mode--The torus cooling mode takes water from the
torus, cools it in the heat exchangers, and returns the water to the torus
through either the torus spray or torus recirculation lines. All operations
of the torus cooling mode are manual. This mode may be used for either

* accident or transient mitigation.

Standby Coolant Supply System Mode--The SBCS mode is a "last
resort" mode, which uses +.he RHRSW pumps to pump water from the river into
the reactor via the LPCI discharge line of Loop 2. Initiation is completely

manual.

System Interfaces. There are six system interfaces with the RHR sys-
tem: AC and DC power, logic initiation circuitry, keep-full system, EECW,
RCW, and RHRSW system. There are multiple combinations of AC and DC power
necessary to operate the RHR system depending on which mode of RHR is in
usc. The logic circuitry provides automatic initiation signals and protec-
tive interlocks to prevent overpressurization of the RHR system. The logic
c ircuitry also provides automatic isolationsigna{stocontainment cooling
isolation valves and shutdown cooling suction valses to prevent diversion
of water from the reactor during the LPCI mode of operation. The EECW sys-
tem or RCW system provides room cooling and pump seal cooling for the RHR
system. The keep-full system insures that the discharge piping of each RHR
loop is filled with water. This prevents water hammer damage when the pumps
start. The RHRSW system provides cooling to the RHR heat exchangers for
the shutdown cooling, torus cooling and containment spray modes of RHR
operation ccmponent/ system interactions are given in Table B-8.

Instrumentation and Control. There are two divisions of logic cir-

cuitry for initiating and controlling the RHR system. Division I provides

signals to RHR Pumps A and C and the Loop 1 valves, while Division II serves
Loop 2 valves and Pumps B and D. Figure B-6 is a simplified drawing of the
RHR initiation circuitry.

The LPCI mode is automatically initiated upon receipt of a low level
signal or a high drywell pressure signal coincident with low reactor pres-
sure signal. Each of these signals is based on input from four separate
sensors and is arranged in a one-out-of-two-taken-twice scheme. The LPCI

, initiation signal also causes closure of the containment cooling isolation
valves (FCV-74-60, 61, 57, and 59) (if they were open) and prevents their
opening for 5 min af ter receipt of this signal. It also isolates the
recirculation pump discharge valves (FCV-68-79 and 3) and shutdown cooling
suction valves (FCV-74-47 and 48) if they were open at the time.*

All other modes of ElR operation are manually initiated. The logic
c ircuitry provides reactor pressure interlocks to prevent system overpres-
surization during shutdown cooling and provides signals to open and close
the minimum-flow bypass valves for each loop.

B-39
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1Ahlt B-o. hhh SiSlhM FEEA CF COhPONEN1/SLFFORTING-SiSTEM Ih1ERACTIONS

Failure Mode of local Effects on

Cosponert Supportirg Syster Interface Suppcrt 5, ster Fron.-Line System Remarks

RhR Puep A 41t0 V SD-ED-1A Te rmi na l 19 No power to board Pump unavailable --

250 V DC control SD-BD-1A control No power to board Breaker will not close; --

power power tus pump will not energine

EECW or RCbS Purp A seal cooler Inadequate heat Eventual seal failure --

removal

EECh or RLh5 RNR A and C room inadequate heat Motor overheats; eventual --

coolers removal failtre

RhR Purp A cooler 480 V RMOV-1A Terminal 4 A No power to board Motor overheats; evertual --

fan failure

RhR Pusp B 4160 V SD-BD-lC Terminal 17 No power to bsard Pump unavailable --

250 V DC control SD-BD-lC control No power to board Breaker will close; --

power power bua purp will not energire

tas

[, EELW or RCWS Pump B seal cooler inadequate heat Eventual seal failure --

removalc3

EECW or RCWS RHR B and D room leadequate heat Motor overheats; eventual --

coolers removal failure

Rha Pump B cooler 480 V RMOV-1B Terrinal 7B No power te board Motor overbeats; eventual --

fan failure

RHR Parp C 4160 V SD-BD-1B Terminal 16 No power to board Pump unavailable --

250 V LC control SD-BD-1B cont rol No power to board Breaker will not close; --

power power bus pump will not energise

EECW or BCWS Pump C seal cooler Inadequate heat Eventual seal failure --

removal

EECW or RCWS RNR A and C room inadequate heat Motor overheats; eventual --

coolers removal failure

RHR Pump C cooler 480 V RMOV-!A Terminal 14A No power to board Motor overheats; eventual --

fan failure

RHR Pump D 4160 V SD-BD-ID Terminal 16 No power to board Pump unavailable --

250 V DC control SD-BD-lC control No power to board Breaker will not close; --

power power bua pump will not energine

EECW or RCWS Pump D aeal cooler Inadequate heat Eventual seal failure --

removal

* * r %
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TABLE E-8. (Cent nued'

Failure Pode of Local Effects on

C oeper.e n t
__

Supporting System Interface Suppert System Front-Line System Remarks

RHR Purp D EECW or RCWS RHR B and D toom Inadequate beat Motor overheats; eventual --

(continued) coolers removal failure

RHR Pump D cooler 480 V RMOV-1B Te rminal 12B No power to board Motor overheats; eventual --

fan failure

RHR legte, 250 V RMOV-1B T e rmina l IE2 No power to board Divisien I legic Automatic operation of RHR Loop 1 pumps and
Davision I unavailable valves lost

RHR legic, 250 V RMOV-1A Terminal 8D1 No power to beard Division 11 logic Automatic operation of RHR Loop 2 pumps and
Division 11 unavailable valves lost

RHR heat Exchanger B RhRSW RHR beat Inadequate heat -- --

Purps B1, B2 Exchanger B removal through

secondary side

RHR heat Exchanger A RHR$W RHR heat Inadequete heat -- --

Pumps Al, A2 Exchanger A removal th rough

secondary sideec
I

f[ RHR heat Exchanger C RHRSW RHR beat Inadequate heat -- --

Purps Cl, C2 Exchanger C removal through
secondary side

RHR heat Exchanger D RHR$W RHR heat Inadequate heat -- --

Pumps Dl, D2 Exchanger D removal through
secondary side

FCV-74-75 460 V RMOV-1B Terminal 10E No power to board; Valve remains in previous Normally closed isolation valve for drywell
breaker open position spray--Loop B/D

Division II logic Relay 10A-K68B No signal from Valve does not automat- --

control logic ically close on accident
signal if open

FCV-74-52 480 V RMOV-1A Te rminal 2C No power to board; Valve remaica in previous Normally open stop valve in line to
breaker open position recirculation system--Loop A/C

Division I logic Relay 10A-E46A No signal frem Valve does not auto-open --

control logic on accident signal if
closed

FCV-74-35 460 V RMOV-1B Terminal SC2 No power to board; Velve remaina in previous Normally open Pump D suction valve from
breaker open position torne

Manual control LS-Il interlocka -- -- --

with FCV-74-36



'1AbLE b-6. (Continued)

Failure Mode of Local Effects on

C ompone n t Supporting System le:arface Support System Front-Line System Remarks

FCV-74-24 460 V RMOV-1B Te rminal 4C No power to board; Valve remairs in previous Normally open isolation valve ir Pump B
breaker open position suction line from torus

Manual control LS-6 interlocks - -- --

with FCV-74-25

FCV-74-12 460 V RMOV-1A Te rminal 55 No power t o beard; Valve remains in previous Normally open isolation valve in Pur4 C
breaker open position suction line from torus

Manual control LS-15 i n t e r loc k s -- -- --

with FCV-74-13

FCV-74-1 480 V RMOV-1A Te rminal 4B ho power to board; Valve remains in previous Normally open isolation valve in Pump A
breaker open position auction line f rom torus

Manual centrol LS-5 interlocks -- -- --

with FCV-74-2

Dd F GV- 74- 36 480 V RMOV-1B Terminal 7C No power to teard; Valve remains in previous Normally closed Pump D suction valve f rom
h breaker open position recirculation system

ra
Manual control LS-5 interlocks -- -- --

with FCV-74-35;
LS- 6, 15 interlock s

witt FCV-74-30

FCV-74-25 480 V RMOV-1B Terminal 6C2 No power to board; Valve remains in previous Normally closed Pump B suction valve f rom
breaker open position recirculation system

Manual control LS-5 ioterlocks - -- --

with FCV-74-24;
LS-6, 15 interlock s
with FCV-74-30

FCV-74-57 480 V RMOV-IA Terminal AllE No power to board; Valve remains in previous Normally closed isolation valve in torus

breaker open position spray line--Loop A/C

Division I logic Relay 10A-r61A No signal from Valve does not au t o-c lose --

control logic on accident signal if open

FCV-74-72 480 V RMOV-1B Terminal llE No power to board Valve remains in previous Normally closed isolation valve in torus
position spray line--Loop B/D

Division II logic Relay 10A-K68B No signal from Valve does not auto-close --

control logic on accident signal if open

|

|
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1ABLE b-6. (continued)

Failure Mode of Local Effects on
Coeponent Supporting System Interface Support System Front-Line System temarks

FCV-74-58 480 V RMOV-1A Terminal 12E No power to board Valve remains in previous 'Normally closed isolation valve in torus
C position spray line--Loop A/C

Division I logic Relay 10A-K68A No signal from Velve does not auto-close --

control logic on accident signal if open;

FCV-74-73 480 V RMOV-lE Terminal 4C No power to board; Valve remains in previous Normally closed isolation volve in torus
breaker open position cooling line--Loop B/D

Division 11 logic Relay 10A-K68B No signal from Valve does not auto-close --

control logic on accident signal

FCV-74-59 480 V RMOV-ID Terminal SC No power to board; Valve remains in previous Normally closed isolation valve to torus
breaker open position cooling line--Loop A/C

Division I logic Relay 10A-K68A No signal from Valve does not auto-close --

control logic on accident signal if open

FCV-74-67 480 V RMOV-lE Terminal 2C No power to board; Valve remains in previous Normally closed isolation valve tona
e breaker open position recirculation system--Loop 8/D
>
'

Division 11 logic Relays 10A-K67A No signal from Valve does not auto-open --

and 10A-K678 control logic on accident signal

j FCV-74-53 480 V RMOV-lE Terminal 2C No power to board; Valve remains in previous Normally closed isolation valve to
breaker open position recirculation system--Loop A/C

; Division I logic Reisys 10A-K67A No signal from Valve does not auto-open --

and 10A-K678 control logic on accident signal
|

FCV-74-66 480 V RMOV-1B Terminal 3A No power to board; Valve remains in previous Normally open stop valve in line to
breaker open position recirculation system--Loep B/D

1

Division 11 logic Relay 10A-K46B No signal from Velve does not auto-open --'

control logic on accident signal if shut#

FCV-74-61 480 V RMOV-1A Terminal 78 No power to board; Valve remains in previous Normally closed isolation valve for drywell
breaker open gesition spray--Loop A/C

j

|
'

Division I logic Relay 10A-K68A No control signal Valve does not auto-close --

on accident signal if open
,

FCV-74-74 480 V RMOV-1B Terminal 10C No power to board Valve remains in previous Normally closed isolation valve in series
position a with FCV-74-75

Division 11 logic Relay 10A-K61B No control signal Valve does not auto-close --

on accident signal if open

i

__
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1/EIL h-b. (centinued)

Failure Mode of Local E f f ec t s on
C oe por.e n t Supportirg System Interface Supporr System Front-Line System Besarks

FCV-74-60 460 ', RMOV-1A Te rminal 6B No power to board Valve remains in previous Normally closed isolation valve in series
position with FCV-74-61

Division 1 Icgic Relay ICA-K61A No control signal Valve does not auto-close --

on accident signal if open

FCV-74-78 480 V RMOV-1A -- -- -- --

FCV-74-77 250 V RMCV-1B These valves are head spray isolation valves; bead spray is not required for mitigation of accidents or transients

FCV-74-76 Control air -- -- -- --

system

Crywell spray Line A Feep-full system FCV-74-792 Empty PSC tank Allows air to enter RHR Rhr pump startup into a partially voided

FCV-74 sO4 piping upstream of closed system will cause water hammer with a signi-
isolation valves ficant possibility of component damage

Drywell spray Line B Keep-full system FCV-74-603 Empty PSC tank Allows air to enter RHR BHR pump startup into a partially voided
FCV-74-802 piping upstream of closed system will cause water hammer with a sig-33

t isolation valves nificant possibility of component damage
i.

FCV-74-71 480 V RMOV-1B Terminal 11C No power to board; Valve remains in previous Normally closed isolation valve to torus
breaker open position spray--Loop B/D

Division II logic Relay 10A-E61B No signal from Valve does not auto-close --

control logic on accident signal if open

FCV-74-2 480 V arOV-1A Terminal 6C No power to board; Valve remains in previous Normally closed Pump A suction valve f rom
breaker open position recirculation system

Manual cont rol LS-5 interlocka -- -- -- '

with FCV-74-1;
L3-6, 15 interlock s
with FCV-74-7

FCV-74-13 480 V RMOV-IA Terminal 7C No power to board; Valve remains in previous Normally closed Pump C suction valve from
breaker open position recirculation system

Manual control LS-5 inteelocks -- -- --

with FCV-74-12;
LS-6, 15 interlocks
with FCV-74-7

FCV-74-30 480 V RMOV-lE Terminal 4E No power to board; Valve remains in previous Normally open pump bypass to torus--Loop P/D
breaker open position*

Division 11 logic Relay 10A-K108B No signal from Valve does not auto-open or --
control logic auto-close

!

I
i
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TABLE B-8. (continueo)
.

Failure Mode of Local Ef fects on

Component Supporting System Interface Support System Front-Line System Remarke

FCV-74-7 480 V RMOV-ID Terminal SE No power to board; Valve remains in previous Normally open pump bypass to torus--Loop A/C
breaker open position

Division I logic Isolation Relay No signal from Valve does not aut o-c lose --

ICA-K108A control logic or auto-open

FCV-74-48 480 V RMOV-1A Terminal 8C No power to board; Valve remains in previous Normally closed inboard isolation valve in
breaker open position pump auction line from recirculation system

txt

[- Division I logic Relay 10A-K98A No signal f rom Valve does not auto-close --

control logicLn

FCV-74-47 25}VRMov-1B Terminal SA No power to board; Valve remains in previous Normally closed outboard isolation valve in
breaker open position pump suction line from recirculation system

.

Division 11 logic Relay 10A-K988 No signal from Valve does not auto-close --

control logic
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; Testing. Periodic testing of the RHR system and its control systems
; is required by technical specifications. Of these required tests, only ;

I those involving initiation and control circuitry render portions of the [
system inoperable. Table B-9 lists these tests, their frequency, affected

{ components, and calculated unavailabilities. The outage times are based on

} information obtained from plant personnel who schedule and perform these i
,

tests.
.

The auto-ioitiation test is performed once every 6 months and takes
4 hours to complete. Only one division of initiation logic is tested at a

, *time. The loop under test is inoperable because the pump breakers for the
| pumps of that loop are racked out to the test position to verify that the

circuitry will cause the breaker to close.

The loop flow instrument calibration occurs once per operating cycle
; (18 months) and requires 2 hours per instrument to complete. The sensor

that provides a flow signal to the minimum-flow bypass valve for one loop,

i is valved out of service preventing automatic operation of that valve.
' Failure to rective a close signal when loop flow exceeds 1000 gpm will

cause diversion of water from the required flow path.'

' i

The reactor low pressure sensors that provide shutdown cooling inter-
locks are tested one at a time on a monthly basis. Each instrument requires

,

j 1.5 hours to test. The sensor is valved out and is unavailable to provide

1 the pressure interlock during this test.
1

| The individual reactor level, high drywell pressure, and low reactor
j pressure sensors that provide signals to the logic circuits are tested

monthly, one at a time. These are the same sensors that initiate the core*

spray system; their testing is discussed in Section 2.6.1

{ Maintenance. Scheduled maintenance (i.e., other than maintenance that

, is performed due to a random component failure) can cause portions of the
system to be inoperable. Table E-10 lists those scheduled maintenance items

j that cause portions of the RllR system to be made inoperable. It also lists
j the f requency, duration, and calculated unavailabilities for these items. |
1 This information was obtained from plant personnel who schedule and perform

these tasks.4

i
4

Once per year the oil in each RHR pump is changed. Only one pump at a
time may be removed from service if this procedure is performed during
reactor operation. Four hours are required to complete the task.

i
*Once every operating cycle the pump seal heat exchangers are removed

and cleaned. Only on- heat exchanger at a time may be removed. Four hours
,

{ are necessary to complete this task.

While both of these scheduled maintenance items are usually performed ,

during shutdown periods, there are no procedures prohibiting their perform-
ance during operation. The unavailability calculation assumes they are
done while the plant is operating.

Technical Specification Limitations. Technical specifications require
the RHR system to be operable prior to reactor startup. If one pump (LPCI

B-50
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I 'I ABLE B-9. RHR SYSTEM TEST REQUIREMENTS SUMMARY

Components Aligned Away
Test from Engineered Expected

Com ponen t Type of Procedure Safeguards Position Test Expected Test
Undergoing Test Test Number for Test Frequency Outate Time Rema rk s

RH R Loop 1 ( R4 2 545 AJ ) Auto- S1 4.2.B.4.5.a Pump breaker for Pumps A Once every 4 hr Unavailability is accounted for
initiation and C racked out during 6 months under Pumps A and C
test slogic this test
'''t) I=(7jo[6) = 0.000913

RHR Loop 2 ; R42 545 AJ ) Auto- ;I 4.2.B.4.5.b Same as above for Pumps B Once every 4 hr Same as above; Technical

es initiation and D 6 months Specifications require loops be
I test (logic tested at different times

[[ test)

Loop flow instrumentation Sensor IMI-224 Sensors valved out of once every 2 hr per Provides flow input signal to
(for minimum-flow bypass valve calibration system and connected to operating instrument minimum-flow bypass valves;
in put ) tester; bypass valves cycle only one loop tested at a time

will not operate
automatically 2 hr

; ,(8760)(1.5)
I = 0.000152

Reactor low pressure sensor Sensor SI 4.2.B.8 Sensor valved out of Once every 1.5 hr per Provides pressure interlock to
( for shutdown cooling calibration system and connected to month instrument shut down cooling isolation
interlock) tester; shutdown cooling valses; only one sensor tested

valve interlocks are at a time
inoperable for this test

; ,1.5 hr
720

I = 0.0021

|

. - _ _ _ .
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| TABLE B-10. RHR SYSTEM MAINTENANCE ACTS SUMMARY

i

Maintenance Instruction
Requirement Number Frequency Duration Remarks |

I e
RHR pump oil Once every 4 hr Only one pump at a--

1 Change A year time
B - 4 hr
c A =8760 = 0.000456

+

*
D

RHR pump Once every 4 hr Only one heat exchanger--

seal heat operating at a time
exchanger cycle _

clean out ' = 0.000304A = (8760)(1.5)

Note: Above maintenance combined in fault tree under code: RPM 001AJ at
_

A = 0.000761; RPM 001BJ ; RPM 001CJ; and RPM 001DJ.

|
1

l

mode) is inoperable, operation may continue for 7 days provided that all
other RHR pumps (LPCI mode), the core spray system, and the diesel genera-

; tors are demonstrated to be operable. If two RdR pumps (IPCI mode) are
inoperable, the reactor must be in cold shutdown mode within 24 hours. If

j any containment cooling mode path is inoperable, the reactor may continue
i to operate for 7 days provided that at least one path for each mode (drywell

spray, torus spray, and torus cooling) is operable. Otherwise, the reactor
must be in cold shutdown mode within 24 hours.

2.2.3 System Operation

As noted previously, operation of the RHR system in the LPCI mode is
automatic. Low water level or high drywell pressure coincident with low

| reactor pressure initiates the system. The RHR pumps will pump water from
the torus to the reactor via the recirculation system discharge lines.>

All other modes of RHR operation are manually initiated. In the torus
cooling mode, the operator must start the RHRSW pumps to provide cooling to
the heat exchangers, start the RHR pumps, and align the discharge valves to *

the desired flow path. In the shutdown cooling mode, the operator must

: start the RHRSW pumps, align the suction valves of the desired RHR loop to
| the recirculation Loop A, start a RHR pump, and align the discharge valves

(same valves as LPCI modes) to the recirculation loop discharge path
,

desired. All of these actions are done from the control room.

2.2.4 Fault Tree,

i

Figure B-7 shows the seven fault trees associated with the RHR system.,

I Parts 1 through 17 of Figure B-7 show the four LPCI modes while Parts 18
! through 26 show the shutdown cooling, torus cooling, and SBCS modes of RHR.

B-52
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Figure B-7. RilR fault trees.
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Figure B-7. (continued).'
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Figure B-7. (Continued).
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Part 23
Torus coohng Loop 1 Torus coohn9 Loop 2

faults faultspgj p

i I I I

inboard Outboard inboard Outboard
f a atts faults fault 5 faults

o o

| I

I I I i I I I I

Local Interface FCV 74 58 FCV 74-59 Local interface FCV 74-72 FCV 74-73
'aults faults faults faults faults faults faults faults

TAB OR x TAB OR y
RPP0001F RPP0002F

- RVM0571P PVM0712P
l

RCK0571G PCK0712Gy
t RTC1 PASS RTC2 PASS

w
v

I I I
_ l

FCV 74-58 FCV 74 59 FCV 74 72 FCV 74 73Interface
Interf, ace Interface Interfacelocal local local9,, ,, faults y Walfaults X faultsfaults faults faults faults

I I I I
TAB OR TAB OR TAB OR TAB OR

RV M0581 P RVM0591P RVM0722P RVM0732P
RCK0581G RCK0581G RCK0722G i RCK0732G

Operator Power Operator Power Operator Power Operato, Power
does not initiate supply does not initiate supply does not initiate supply doe 9 not initiate supply

torus coohng faults torus coohng faults torus cooling faultstorus coohng faults

B0001DRRB0001D RRB00010 RRB0001D

EPS. EPS, EPS. EPS,
Figure B-31, Figure B-32, F10ure B-31, INEL21475 Figure B-31,

Pad 17 Pad 20 Pad 18 Pad 31

Figure B-7. (continued).
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C whng Cmling Part 25
CA CB faultsfaults

J
I I I I*

Inadequate inadequate Local Inadequate inadequate g,;
RHRSW room and seal 9,,,,,RHRSW roorn and seal faults

cooling coohng cooling cooling

r3 | r3 |
RA T AB OR HB T AB OR

,
-

RFN001AR RHRSW, Ftgure B-34 RFN001BRRHRSW. Figure B-34
RCK00 FAG RCKOOFBG

I I I I

Inadequate inadequate inadequate inadequate

RCW EECW RCW EECW
cooling cooling coolmg cooting

/\
RCW, Figure B-41 RCW, Figure B-41

| |
Inadequate inadequate inadequate inadequate

room seat room seal
coohng coohng coohng cooling

FRA KSA KRB KSB

EECW, Figure B-37 EECW, Figure B 37 EECW, Figure B-37 EECW. Figure B-37

Cooling Cooling
CD faultsCC faults

1 I I I

Inadequate inadequate inadequate inadequate
Local Local

RHRSW room and seal RHRSW room and seal
fauMs fauMs

coohng coolmg coohng coohng

f3 | r3 |
RC TAB OR RD TAB OR

RFN00tCR RHRSW. Figure B-34
-~

RF N00t DR
RHRSW Figure B 34

RCKOOFCG RCKOOFDG

I I I I

Inadequate inadequate inadequate inadequate

RCW EECW room RCW
coolmg coohng cootmg cootmg

/\ /\
RCW, Figure B-41 RCW, Figure B 41

1 I

e Inadequate inadequate inadequate inadequate

room seal EECW seal
coohng coohng coolmg coohng

KRC KSC KRD KSD

EECW, Figure B 37 EECW. Figure B 37 EECW. Figure B 37 EECW, Figure B-37 INEL 21477

Figure B-7. (Continued).

B-77

.. . _ - _ _ _ .



Part 26

No SBCS
flow

to core

tr

I I
Loop 2 No RHRSW

discharge flow to e

ime Loop 2
faults discharge lirie

RS RHRSW,
Figure B-34r

Part 5

l
PowerLocal supply

faults faults

I /AR\IETAB OR
EPS,

RPPOOO2F Figure B-31
RVMO672P

Part 21ROKOSTAG
RVKO682P INEL 21478

Figure B-7. (continued)

s

'lable B-11 is the fanit summary short form for these fault trees and lists
the data associated with each basic event.

Each LPCI mode of RiiR is represented by a fault tree in Parts 1 through
8 of Figure B-7. Parts 9 through 17 are the initiation logic for the pumps
and valves common to each LPCI mode. Similarly the shutdown cooling and
torus cooling fault trees appear in Parts 18 through 25. Part 26 shows the

logic for the SBCS.

There are five house events appearing in the RHR fault trees. The
1100SEDBA and 110USEDBB events allow for calculating RHR unavailabilities when
a break. cecurs on the discharge piping of a recirculation loop. Note that
these are mutually exclusive. That is, if one house event is "on" the other
is "off." Both are "of f" when no recirculation discharge break occurs. 'I b e

*

110USETRAN event is "on" for RHR unavailabilities with transient initiators.
This house event accounts for the lack of high drywell initiation for tron-
sients. The HOUSENVA and HOUSENVL are mutua lly exclusive houses appearing
in the pump' initiation circuitry model. One house will be "on" while the
other is "off." This accounts for the initiation unavailability due to -

failures in the power available sensing circuits. Table B-12 summarizes
.

the treatment of house events for the RHR systems.

In Figure B-7, the transfer devices show an alphanumeric code and a
part number if the transf er appears in another part of the RHR tree. If

B-76
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TABLE B-ll. RilR SYS1EM FAULT SUMPARY SHORT FORM

Primary Failure

Fault

Event Failure Failure Duration Error

Name Event Component Mode Rate (hr) Factor

RPM 001AR R11R Pump A Does not IE-3/D -- 3

start

RPM 001AS Does not 3E-5/hr 8 10
run

RCB001AN Does not IE-3/D - 3

close

to RCK001AG No output 3.3E-3 -- 10

# Maintenance 7.6E-4 -- 0RPM 001AJ '

RPM 001BR RHR Pump B Does not. lE-3/D -- 3

start

8 10RPM 001BS Does not 3E-5/hr -

run

RCB001BN Does not lE-3/D -- 3

close

RCK001BG No output 3.3E-3 -- 10

R PM001BJ Maintenance 7.68-4 -- 0

RPM 001CR RHR Pump C Does not lE-3/D -- 3

start



TABl.E B-ll. (continued)

Primary Failure

Fault

Event Failure Failure Duration Error

Name Event Component Mode Rate (br) Factor

RPM 001CS RHR Pump C Does not 3E-5/hr 8 10

run

RCB001CN Does not IE-3/D -- 3

close

10RCK001CC No output 3.3E-3 -

RPM 001CJ Maintenance 7.6E-4 -- 0

7
m RFM001DR RHR Pump D Does not 1E-3/D -- 3

start

RPM 001DS Does not 3E-5/hr 8 10

run .

RGB001DN Does not 1E-3/D -- 3

close

10RCK001DG No output 3.3E-3 -

R PM001DJ Maintenance 7.6E-4 -- 0

RVK000AP Pump A check valve Does not IE-4/D -- 3

open

RVK000BP Pump B check valve Does not IE-4/D -- 3

open

3RVK000CP Pump C check valve Does not IE-4/D -

open

= a e r
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TABLL B-11. (continued)
--

Primary Failure

Fault

Event Failure Failure Duration Error

Name Event Component Mode Fate (hr) Factor

RVK000DP Pump D check valve Does not IE-4/D -- 3

open

RVM0071N Loop 1 minimum flow bypass Does not IE-3/D -- 3

close

RCK0071G Minimum flow bypass continued No output 3.3E-3 -- 10

check

m RVM0302N Loop 2 minimum flow bypass Does not lE-3/D -- 3

closeoo
-

kCKO302G Minimum flow bypass continued No output 3.3E-3 -- 10

check

RVM0531P Loop 1 LPCI disk valve Does not lE-3/D -- 3

open

RCK0531G Loop 1 LPCI disk valve No output 3.3E-3 -- 10

RVK0541P Loop 1 LPCI check valve Does not IE-4/D -- 3

open

RVM0672P Loop 2 LPCI disk valve Does not IE-3/D -- 3

open

RCK0672G Loop 2 LPCI disk valve No output 3.3E-3 -- 10

RVK0662P Loop 2 LPCI check valve Does not IE-4/D -- 3

open



_

TABLE B-ll. (continued)

Primary Failure

Fault

Event Failure Failure Duration Error
Name Event Component Mode Rate (br) Factor

RPP0001F Loop 1 piping Rupture IE-10/ 8 30
hr/
section

RPP0002F Loop 2 piping Rupture IE-10/ 8 30
hr/
section

3RVM0571P Loop 1 inboard torus cooling Does not lE-3/D --

valve openm

5
"

RCK0571G Loop 1 inboard torus cooling No output 3.3E-3 -- 10
valve

RVM0581P Loop 1 outboard torus spray Does not IE-3/D -- 3

valve open

RCK0581G Loop 1 outboard torus spray No output 3.3E-3 -- 10
valve

RVN0591P Loop 1 outboard torus cooling Does not IE-3/D -- 3

valve open

RCK0591G Loop 1 outboard torus cooling No output 3.3E-3 -- 10
valve

RVM0712P Loop 2 inboard torus cooling Does not lE-3/D -- 3
valve open

* * r i
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TABLE B-ll. (continued)

Primary Failure

Fault

Event Failure Failure Duration Error

Mode Rate (br) FactorName Event Component
__

RCK0712C Loop 2 inboard torus cooling No output 3.3E-3 -- 10

valve

RVM0722P Loop 2 outboard torus spray Does not IE-3/D -- 3

valve open

RCK0722C Loop 2 outboard torus spray No output 3.3E-3 -- 10

valve

m RVM0732P Loop 2 outboard torus cooling Does not IE-3/D -- 3
m valve open

RCK0732G Loop 2 outboard torus cooling No output 3.3E-3 -- 10
valve

RVM001AN RHR Pump A torus suction Does not lE-3/D -- 3

valve close

RCK000AG RHR Pump A torus suction No output 3.3E-3 -- 10

valve

RVM002AP RHR Pump A shutdown cooling Does not lE-3/D -- 3

suction valve open

RCK002AG RHR Pump A shutdown cooling No output 3.3E-3 -- 10
suction valve

RVM024BN RHR Pump B torus suction Does not IE-3/D -- 3

valve close

_ _ _ _ -
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TABLE B-11. (continued)
1 i

|
'

Primary Failure

Fault
! Event Failure Failure Duration Error

Name Event Component Mode Rate (hr) Factor- i

RCK024BG RHR Pump B torus suction No output 3.3E-3 -- 10

q valve

RVM025BP RHR Pump B shutdown cooling Does not IE-3/D -- 3

i suction valve open

RCK025BG RHR Pump B shutdown cooling No output 3.3E-3 -- 10

suction valve

y RVM012CN RHR Pump C torus suction Does not IE-3/D -- 3

g valve close

! RCK012CG RHR Pump C torus suction No output 3.3E-3 -- 10

1 valve

|

RVM013CP RHR Pump C shutdown cooling Does not IE-3/D -- 3

suction valve open
L

RCK013CG RHR Pump C shutdown cooling No output 3.3E-3 -- 10

suction valve
'

RVM0350N RHR Pump D torus suction Does not IE-3/D 3--
i

valve close

! RCK035DG RHR Pump D torus suction No output 3.3E-3 -- 10

valve4

RVM036DP RHR Pump D shutdown cooling Does not IE-3/D -- 3

; suction valve open
i

I
'

i

i
t

u e V F
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TABLE B-ll. (continued)

Primary Failure

Fault

Event Failure Failure Duration Error

Name Event Component Mode Rate (hr) Factor

RCK036DG RilR Pump D shutdown cooling No output 3.3E-3 -- 10

suction valve

R42B45AJ RilR Loop 1 initial check Test 9.lE-4 -- 0

R42B45BJ RilR Loop 2 initial check Test 9.1E-4 -- 0

kRB0001D Manual initiation torus Operator IE-3/D -- 10

cooling mode error

T
$ RRA0001D Manual initiation shutdown Operator IE-3/D -- 10

cooling mode error

VVM079BN Recirculation Loop B disk Does not 1E-3/D -- 3

valve close

VCK079BG -- No output 3.3E-3 -- 10

VVM003AN -- Does not 1E-3/D -- 3

close

VCK003AG -- No output 3.3E-3 -- 10



TABLE B-ll. (continued)

Primary Failure

Fault

Event Failure Failure Duration Error

Name Event Component Mode Rate (hr) Factor

RVM048UP -- Does not IE-3/D -- 3

open

10RCK048UG -- No output 3.3E-3 --

RVM047UP -- Does not lE-3/D -- 3

open

RCK047UG -- No output 3.3E-3 -- 10

m
34 RLPlPASS Passive valve faults LPCI Does not 3E-4/D --

Loop 1 remain open>

RLR2 PASS Passive valve faults LPCI 3E-4/D --

Loop 2

RSD1 PASS Passive valve faults shutdown 2E-4/D --

cooling Loop 1

RSD2 PASS Passive valve faults shutdown 2E-4/D --

cooling Loop 2

R1C1 PASS Passive valve faults torus IE-4/D --

cooling Loop 1

RTC2 PASS Passive valve f aults torus lE-4/D --

cooling Loop 2

3

{

( = * v i
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TABLE B-ll. (continued)
1

Primary Failure

t

I Fault

| Event Failure Failure Duration Error i

! Name Event Component Mode ? Rate (hr) Factor
,

I

j RRE005AN Relay K5A Does not lE-4/D -- 3

; close

RRE005BN Relay K5B --

;

RRE006AN Relay K6A --

RRE006BN Relay K6B --

s

y RRE007AN Relay K7A --

$i

RRE007BN Relay K7B -

RRE008AN Relay K8A --

!

RRE008BN Relay K8B --

1

I RRE009AN Relay K9A --

i
~

RRE009BN Relay K9B --

|
1

~

'

RRE010AN Relay K10A --

RRE010BN Relay K10B --
4

I

RRE018AN Relay Kl8A --

i

| RRE018BN Relay Kl8B --

1

; RRE021AN Relay K21A --' '

I

^
_ _ _ _ _ _
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| TABLE B-ll. (continued)

!

Primary Failure

! Fault

Event Failure Failure Duration Error

| Name Event Component Mede Rate (hr) Factor

| RRE021BN Relay K21B Does not IE-4/D -- 3

close

I
--

'

RRE035AN Relay K35A;

|
--

| RRE035BN Relay K35B

RRE036AN Relay K36A --*

!

j' RRE036BN Relay K36B --

oo
ao

RRE039AN Relay K39A --

RRE039BN Relay K39B --
i

i

]
RRE044AN Relay K44A --

RRE044BN Relay K44B p;---
,

(

) RRE046AN Relay K46A --

i

| RRE046BN Relay K46B --

:
4

'

; RRE063A0 Relay K63A Does not IE-7/hr 8

i remain closed
!

RRE063B0 Relay K63B Does not IE-7/hr 8

remain closed
,

|
1

' .y
Y 5* * *

i

_ ___._ _ ,_ ___ _ ._ ,
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'IABLE b-ll. (cortinued)
._

Primary Failure

Fault

Event Failure Failure Duration Error

Name Event Component Mode Rate (hr) Factor

RRE067AN Relay K67A Does not IE-4/D -- 3

close

RRE067BN Relay K67B --

RRE090AN Relay K90A --

RRE090BN Relay K90B --

m RRE091AN Relay K91A --

$ --

RRE091BN Relay K91B

RRE097AN Relay K97A --

RRE097BN Relay K97B --

RRE098AN Relay K98A --

| RRE098BN Relay K98B --

t

| RRE104AP Relay K104A Does not --

|
open

i RRE104BP Relay K104B --

i
--

RRE104CP Relay K104C
;

-
'

l RRE104DP Relay K104D '

|
|
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1ABLE B-ll. (continued)

Primary Failure

Fault
Event Failure Failure Duration Error
Name Event Component Mode Rate (hr) Factor

RRE105AN Relay K105A Does not IE-4/D -- 3
close

RRE105BN Relay K105B --

RRE105CN Relay K105C --

RRE105DN Relay K105D --

w RRE108AN Relay K108A --

E
C' RRE108BN Relay K108B --

RREll2AN Relay Kil2A --

RREll2BN Relay K112B --

RREll3AN Relay K113A --

RREll3BN Relay K113B --
'

RREll7AN Relay Kil7A --

RREll7BN Relay Kll7B --

RREll6AN Relay Kil8A --

RREll8BN Relay Kil8B --
' '

a 4 y g
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1ABLE B-ll. (continued)

Primary Failure

Fault

Event Failure Failure Duratien Error

Name Event Component Mode Rate (br) Factor

ORE 007AN Reicy 14A-K7A Does not lE-4/D -- 3

close

ORE 007BN Relay 14A-K7B --

q

ORE 008AN Relay 14A-K8A --

ORE 008BN Relay 14A-K8B -

ORE 040AN Relay 14A-K40A --

~

ORE 040BN Relay 14A-K40B -

ORE 041AN Relay 14A-K41A --

ORE 041BN Relay 14A-K41B --

ort 042AN Relay 14A-K42A --

ORE 042BN Relay 14A-K42B --

ORE 043AN Relay 14A-K43A --

' '
--ORE 043BN Relay 14A-K43B

RPS0501J Loop 1 mininum-flow bypass Test 1.5E-4 -- O

flow sensor

ORPS0642J Loop 2 minimum flow bypass Test 1.5E-4 --

flow sensor

1
1
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TABLE B-ll. (continued)

Primary Failure |
,

i Fault !

Event Failure Failure Duration Error

Name Event Component Mode Rate (hr) Factor

3OPSLLVLX Core spray reactor low level Operator 2.4E-6/D --

switches miscalibration'

I
OPSDWHPX Core spray drywell high Operator 2.9E-4/D --

pressure switches miscalibration

OPS 072AT Core spray reactor low level Does not IE-4/D --

j

Switch 072A operate;

4 ? OPS 072B1 Core spray reactor low level --

|| Switch 072B

OPS 079AT Core spray reactor low level --

Switch 079A

OPS 079BT Core spray reactor low level --

Switch 079B
4

| OPS 152UT Core spray reactor pressure --

Switch 152
4

j OPS 252UT Core spray reactor pressure --

I Switch 252
!

OPS 352UI Core spray reactor pressure
--

Switch 352

' "

| OPS 452UT Core spray reactor pressure --

| Switch 452
1

t

.

i

t

4
,

' s 4 g g

'
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TABLE B-ll. (continued)

Primary Failure

Fault

Event Failure Failure Duration Error
.

Name Event Component Mode Rate (br) Factor

OPS 101AT Core spray drywell pressure Does not IE-4/D -- 3

Switch 101A operate

OPS 101BT Core spray drywell pressure
--

Switch 101B

OPS 101CT Core spray drywell pressure
--

Switch 101C

m OPS 101DT Core spray drywell pressure
--

e Switch 101D
w

RPS052AT RHR reactor low pressure
--

Switch 052A

RPS052BT RHR reactor low pressure
--

Switch 052B

RPS052CT RHR reactor low pressure
--

Switch 052C

RPS052DT RHR reactor low pressure
--

Switch 052D

RPS0501T RHR loop low flow Switchs050 --

I '

RPS0642T RHR loop low flow Switch 064 --



- __

TABLE B-ll. (continued)

Primary Failure

Fault

Event Failure Failure Duration Error
Name Event Component Mode Rate , (hr) Factor

RPS128AT RHR reactor low pressure Does not lE-4/D -- 3

Switch 128A operate
,

S
x- RPS126BT RHR reactor low pressure Does not lE-4/D - 3

Switch 128B operate

i

e 4 g g

!
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TABLE B-12. RHR SYSTEM HOUSE EVENTS STATUS

Sequence
Initiator HOUSEDBA HOUSEDBB HOUSENVL HOUSENVA HOUSETRAN

C)

LS Off Off Off On Off

L* On/Off' Off/On Off On Off
D

L Off Off Off On Offy
I* On/Off Off/On Off On Off
g

ly Off Off Off On Off*

,

S* On/Off Off/On Off On Off

Off Off Off On On
TU
T Off Off On Off On

p
TA Off Off Off Off On

TK Off Off Off Off On

tpk Off Off On Off On

,

I * For these initiators, when HOUSEDBA is "on" HOUSEDBB is "of f," and vice'

versa. Some of the breaks associated with It and S have both HOUSEDBA
and HOUSEDBB "off." See Appendix C, Section 1.4 for details of how
sequence values were calculated.

,

the transfer appears in the tree (i.e., Figure B-7) for another system,
then the transfer device shows a code and lists the figure number and part
number where the transfer appears.

All valves and piping in the normal flow path for each mode of the RHR
system that must change states (i.e. , open or close) are included in the

j fault trees. Interf acing lines and valves for the dif ferent modes of RHR,
such as the two possible suction paths and three possible discharge paths,

included where appropriate. For example, in the LPCI mode, the torusa re
cooling valves and piping are excluded because the valves are normally
closed, they receive a shut signal automatically if open, operator action
to open the valve is blocked, and multiple valves must fail in order to
divert flow from the desired path.

Success / Failure Criteria. Table B-7 summarizes the success criteria
for each mode of RHR operation. A fault tree exists for each of these dif-,
ferent success criteria. The letter designation in the fault tree corres-
ponds to the event tree designations described previously.

'. The LPCI mode enccmpasses four dif f erent success criteria labeled G >A
a G3, GC and G . The success criteria for these submodes of LPCI dependq D

] on factors such as break size, location, and success / failure of other

systems.
,

Shutdown cooling mode (RA) requires at least one pump and heat,

exchanger combination to circulate flow f rom the recirculation Loop A,i

i through the heat exchanger, and back to the reactor via the LPCI discFarge

B-95
j
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i

Torus cooling (R ) requires two of four pumps and heat exchangersvalves. B
to circulate water from the torus through the heat exchanger and back to

;

the torus.

Major Assumptions. The following major assumptions were used in
constructing the RHR system fault tree: ,

1. There are numerous piping and valve interfaces with the RHR sys-
,

i tem that are not included on the fault trees. Drain and vent
lines 1 inch or less in diameter are excluded. Connections to
other systems such as the RHR flushing system where lines are .

j greater than 1 inch in diameter, but where isolation is provided
by normally locked-closed valves or by two or more normally

1 closed valves, are also excluded,

i

2. Passive failures of normally open valves that are not required to
change state are considered only if a single valve failure will
cause loss of an entire RHR loop. Passive failures of active
components are insignificant compared to the active failure rates.
There are three valves in each loop that meet this criteria: the

locked-open torus suction valves (HCV-74-83 and 88) and the LPCI
| discharge line valves (HCV-74-55 and 69 and FCV-74-52 and 66).

3. Failure of the minimum-flow bypass valves to close when required
results in a flow diversion of approximately 10% of rated flow
from the desired flow path. Therefore, this fault is considered
to fail that particular loop even though some 90% of rated flow;

a will not be diverted.
1

j 4. Since the time period during which the LPCI mode is used is very
| short (approximately 10 nin) seal cooling and room cooling are

not considered in these fault trees. For the shutdown coolingj
and torus cooling modes where the pumps will run for a long time

I (greater than 2 hours) these cooling faults are in the tree.
t

| 5. No credit is taken for operator backup of automatic initiation.
| The operator is included in the trees only where a specific pro-

cedure requires him to initiate a system and that system has no
automatic initiation capability.

6. If a break occurs on a recirculation loop discharge side, the LPCI
and shutdown cooling loop that discharge to that recirculation'

! loop are assumed to fail due to flow diversion.
e.

Basic Events. The information associated with the various basic events
listed in the fault tree is summarized in the RHR fault summary short form,

Table B-11. In addition, the failure data associated with these basic
events is summarized in Table B-13. Dominant contributors to RHR unavail- '

t abilities are listed in Tables B-14 through B-21 for normal power condi-
tions, and in Table 22 through 25 for loss of offsite power.

I
;

,

B-96
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| TABLE B-13. RHR SYSTEM FAILURE DATA SUMMARY

t

| Time to Time tc Fault,Failure ,
I Detect R e p a a, r Duratton Time Unavan,tabilityCoeponent Mode 7,gg,,,

( Code) (Code) D R D + T,) Prebability ( ) Bemarks
*

i

j Pump (PM) Loes not start -- -- -- IE-3/D IE-3 From Table (-4
{ (R)
;

j Pump (PM) Does not run 0 37 8 3E-5/hr 2.4E-4 From Table C-4
(S)

,

,

{ control circuit (CK) No output (C) -- -- -- -- 3.3E-3 Calculated from generic control
; circuit model
'

i' Pump (FM) Maintenance -- -- -- -- 7.6E-4 From Table F-10 '

(J), ,

1

Circuit breaker (CB) Does not close -- -- -- IE-3/D IE-3 From Table C-4
(N)'

l Check valve (VE) Does not open -- -- -- IE-4/D IE-4 From Table C-4
i (P)g

I
l C Motor-operated valve (VM) Does not open -- -- -- IE-3/D IE-3 From Table C-4

" (P)

| Motor-operated valve (VM) Does not close -- -- -- IE-3/D IE-3 From Table C-4
i (N)

i Piping (PP) Rupture (F) 1 24 25 IE-10/hr/ 2.5E-9 TD = 1 hr, assumed since keep-
section full should alarm by then to

I indicate a ruptured pipe
I
4 BHR mode initiation (RA, Operator error -- -- -- -- IE-3 Estimated based or similar

BB, RC) (D) actions modeled in other systems

- Initiation circuit Test (J) -- -- -- -- 9.lE-4 From Table B-9
j (R42B45AJ, R42B45BJ)

i Relay (RE) Does not close -- -- -- IE-4/D lE-4 From Table C-4; no distinc-

(N) tion made between relay
energising and contacts closing

Belay (RE) Does not 0 7 7 IE-7/hr 7E-7 From Teble C-4
remain
closed (0)

Relay (BE) Does not cpen -- -- -- IE-4/D lE-4 From Table C-4; no distinc-,
; (P) tion made between relay
I energising and contacts opening
i

,

*

i
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IABLE E-13. (continued)

Time to Time to Fault

Detect Repair Duration Time' Unavailability* "''
Component Mode Failure

I
( Co de ) (Code) D R D* R Probability (A) Remarks"

Flow sensor (PS) (minimum Test -- -- -- -- 1.5E-4 From Table 3-9
finw bypass valve)

Level switch (PS) Does not -- -- -- IE-4/D lE-4 From Table C-4
operate (T)

Pressure switch (PS) Does not -- -- -- IE-4/D lE-4 From Table C-4
operate (T)

Normally open valves Loes not -- -- -- IE-4/D 3E-4 Three valves / loop for LPCI
m

t (R PAS) remain open 2E-4 Two valves / loop for shutdown
T cooling
* IE-4 One valve / loop for torus cooling

Core spray level Operator -- -- -- -- 2.4E-6 See Section 4
switches (OPSLLVLX ) miscalibrates

(X)

Core spray drywell Operator -- -- -- -- 2.9E-4 See Section 4
pressure switches miscalibrates

(OPSDWHPX) (X)

if mis sion t ime (8 hr) >T . If To * 0, thea T = mission time (8 hr) if mission time iT -a. If TD=0, then T = TR R R

9 e i b
l

|
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' TABLE B-14. RHR SYSTEM CUT SETS

(G )A
t

O
Importance Potentially

RecoverableUnavailability (%) Cut Sets
,

1.1E-5 1.7 RCK001AG,RCK001BG No
* 1.1E-5 1.7 RCK0531G,RCK001BG- No

1.1E-5 1.7 RCK0531G,RCK0302G No
1.1E-5 1.7 RCK0071G,RCK001BG No

j 1.1E-5 1.7 RCK001AG,RCK0672G No,

!
' 1.1E-5 1.7 RCK001AG,RCV0302G No

1.1E-5 1.7 RCK0071G,RCKQ302G No
1.1E-5 1.7 RCK0071G,RCK0672G No

1.1E-5 l'. 7 RCK001AG,RCK001DG No
1.1E-5 1.7 RCK0071G,RCK001DG No

1.1E-5 1.7 RCK0531G,RCK0672G No
1.1E-5 1.7 RCK0531G,ECK001DG ,No
1.lE-5 1.7 RCK001CG,RCK0672G No
1.1E-5 1.7 RCK001CG,RCK0302G No

,

1.lE-5 1.7 RCK001CG,RCK001BG No
,

1.1E-5 1.7 RCK001CG,RCK001DG No
,

3.3E-6 0.5 RVM0071N,RCK0672G No'

,
3.3E-6 0.5 RPM 001CR,RCK0672G No

' 3.3E-6 0.5 RVM0531P,RCK0302G No

3.3E-6 0.5 RPM 001CR,RCK001DG No

3.3E-6 0.5 kVM0071N,RCK001BG No
;
' 3.3E-6 0.5 BCK0531G,RVM0302N No

i 3.3E-6 0.5 RCK0071G,RVM0672P No

| 3.3E-6 0.5 RCK001CG,RVM0302N No

|
3.3E-6 0.5 RVM0071N,RCK0302G No

!
'

3.3E-6 0.5 RCK0071G, RPM 001BR No
3.3E-6 0.5 RPM 001CG,RCK0302G Noj

i 3.3E-6 0.5 RCB001AN,RCK001DG No
3.3E-6 0.5 RPM 001AR,RCK0672G No

,

O
j 3.3E-6 0.5 RCB001CN,RCK0302G No
.

Cumulative 34.2
j importance

d
i
'
.

1

i

1 :
4

|
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1ABLE B-15. RHR SYSTEM CUT SETS
(G ) *B

Importance Potentially
Unavailability (%) Cut Sets Recoverable

=

3.3E-3 15.9 RCK0672G No
3.3E-3 15.9 RCK0302G No
3.3E-3 15.9 RCK0531G No
3.3E-3 15.9 RCK0071G No
1.0E-3 4.7 RVM0302N No

1.0E-3 4.7 RVM0531P No
1.0E-3 4.7 RVM0071N No
1.0E-3 4.7 RVM0672P No
9.lE-4 4.3 R42B45AJ No
9.lE-4 4.3 R42B45BJ No

Cumulative 91.0
importance

w

h

B-100
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1

i |

;

TABLE B-16. RHR SYSTEM CUT SETS
(G )Ci e,

i

Importance Potentially

Unavailability (%) Cut Sets Recoverable
er

3.3E-3 6.5 RCK0071G No
3.3E-3 6.5 RCK001DG No
3.3E-3 6.5 RCK0677G ho
3.3E-3 6.5 RCK001AG No

o

} 3.3E-3 6.5 RCK0531G No
i

j 3.3E-3 6.5 RCK0302G No

i 3.3E-3 6.5 RCK001CG No

3.3E-3 6.5 RCK001BG No
>

I 1.0E-3 1.9 RPM 001BR No

1.0E-3 1.9 RVM0672P No
i

!

1.0E-3 1.9 RPM 001AR No

1.0E-3 1.9 RPM 001CR No

1.0E-3 1.9 RCB001DN No

i 1.0E-3 1.9 RVM0071N No

1.0E-3 1.9 BPM 001DR No
i

I
7 1.0E-3 1.9 RCM001AN tio

1.0E-3 1.9 RCM001CN No

1.0E-3 1.9 RVM0531P No

1.0E-3 1.9 RCB001BN No

j 1.0E-3 1.9 RVM0302N No

|

9.1E-4 1.8 R42B45AJ No'

9.1E-4 1.8 R42B45BJ No
' 7.6E-4 1.5 RPM 001AJ No
I 7.6E-4 1.5 RPM 001BJ No
! 7.6E-4 1.5 RPM 001CJ No

|
7.6E-4 1.5 RPM 001DJ No

|

| Cumulative 84.4
w importancei

4

i

;

A

i

1

i

{
B-101
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TABLE B-17. RHR SYSTEM CUT SETS
(G )D

4
Importance Potentially

Unavailability (%) Cut Sets Recoverable

1.1E-5 10.3 RCK0531G,RCK0672G No
1.1E-5 10.3 RCK0071G,RCK0302G No *

1.1E-5 10.3 RCK0071G,RCK0672G No
1.1E-5 10.3 RCK0531G,RCK0302G No
3.3E-6 3.1 RVM0071N,RCK0672G No

3.3E-6 3.1 RVM0531P,RCK0302G No
3.3E-6 3.1 RCK0071G,RVM0302G No
3.3E-6 3.1 RCK0531G,RVM0302G No
3.3E-6 3.1 RCK0531G,RVM0672P No
3.3E-6 3.1 RCK0071G,RVM0672P No

3.3E-6 3.1 RVM0071N,RCK0302G No
3.3E-6 3.1 RVM0531P,RCK0672G No
3.1E-6 2.8 R42B45AJ,RCK0672G No
3.1E-6 2.8 R42B45AJ,RCK0302G No
3.1E-6 2.8 RCK0531G,R42B45BJ No

3.1E-6 2.8 RCK0071G,R42B45BJ No
1.5E-6 1.4 RCK0071G,RG4B22 No
1.5E-6 1.4 RG4A22* ,RCK0672G No
1.5E-6 1.4 RG4A22* ,RCK0302G No
1.5E-6 1.4 RCK0531G,RG4B22* Yes

1.0E-6 0.9 RCK0531G,RGB222* Yes
1.0E-6 0.9 RCK0071G,RGB222* Yes
1.0E-6 0.9 RGB122* ,RCK0672G Yes
1.0E-6 0.9 RGB122* ,RCK0302G Yes
1.0E-6 0.9 RVM0531P,RVM0672P No

1.0E-6 0.9 RVM0071N,RVM0302N No
1.0E-6 0.9 RVM0071G,RVM0672P No

1.0E-6 0.9 RVM0531P,RVM0302N No

*Cumulative 90.0
importance

9G4A22, RG4B22, RGB122, RGB222--notation for initiation signal faults. k*

B-lO2



TABLE B-18. RHR SYSTEM CUT SETS
(G9 with Break on Loop 2)

Importance Potentially
Unavailability (%) Cut Sets Recoverable

3.3E-3 31.8 RCK0531G No
* 3.3E-3 31.8 RCK0071G No

1.0E-3 9.5 RVM0531P No
1.0E-3 9.5 RVM0071N No
9.1E-4 8.6 R42B45AJ No

Cumulative 91.2
importance

TABLE B-19. RHR SYSTEM CUT SETS
(Rg for Loop 1)

Importance Potentially

Unavailability (%) Cut Sets Recoverable

4.7E-3 14.9 RR3A112* Yes
4.7E-3 14.9 RR3A122* Yes
3.3E-3 10.7 RCK0531G Yes

1 3.3E-3 10.7 RCK048UG Yes

I
3.3E-3 10.7 RCK0071G Yes
3.3E-3 10.7 RCK047UG Yes

1.0E-3 3.2 RVM0531G No

1.0E-3 3.2 RVM048UP No

1.0E-3 3.2 RVN0071N No

1.0E-3 3.2 RVM0471N No

1.0E-3 3.2 RRA0001D Yes
9.1E-4 2.9 R42B45AJ No

o

cumulative 91.5
importance

a
RR3A112, RR3A122--notation for isolation signal faults.*

|

i

}

,'

|

|
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TABLE B-20. RHR SYSTEM CUT SETS 4
(RA for Loop 2)

Importance Potentially
Unavailability (%) Cut Sets Recoverable =>

4.7E-3 14.9 RR3A112* Yes
4.7E-3 14.9 RR3A122* Yes
3.3E-3 10.7 RCK0672G Yes
3.3E-3 10.7 RCK0302G Yes

3.3E-3 10.7 RCK048UG Yes
3.3E-3 10.7 RCK047UG Yes
1.0E-3 3.2 RVM048UG No

1.0E-3 3.2 RVM047UP No

1.0E-3 3.2 RVM0302G No
1.0E-3 3.2 RVM0672P No
1.0E-3 3.2 RRA0001D Yes
9.1E-4 2.9 R42B45BJ No

Cumulative 91.5
importance

RR3All2, RR3A122--notation for isolation signal faults.*

=

k
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TABLE B-21. RHR SYSTEM CUT SETSg
(R )B,

Importance Potentially'

e Unavailability (%) Cut Sets * Recoverable

$ 1.0E-3 32.3 RRB0001D Yes
6.7E-5 2.2 SUPRA,RCK0302G Yes
6.7E-5 2.2 SUPRA,RCK0712G Yes
6.7E-5 2.2 RCK0571G,SUPRB Yes

; 6.7E-5 2.2 SUPRC,RCK0712G Yes
6.7E-5 2.2 RCK0517G,SUPRD Yes.

; 6.7E-5 2.2 SUPRC,RCK0302G Yes
j 6.7E-5 2.2 RCK0071G,SUPRB Yes

6.7E-5 2.2 RCK0071G,SUPRD Yes4

i 2.0E-5 0.6 RVM0071N,SUPRD Yes
2.0E-5 0.6 SUPRA,RVM0302N Yes

! 2.0E-5 0.6 SUPRC,RVM0712P Yes
t

) 2.0E-5 0.6 RVM0571P,SUPRB Yes

| 2.0E-5 0.6 RVM0571P,SUPRD Yes
: 2.0E-5 0.6 SUPkC,RVM0302N Yes

2.0E-5 0.6 SUPRA,RVM0712P Yes
I,

j 2.0E-5 0.6 RVM0071N,SUPRB Yes
1.8E-5 0.6 SUPRA,R42B45BJ Yes

] 1.8E-5 0.6 SUPRC,R47B45BJ Yes

|
1.8E-5 0.6 R42B45AJ,SUPRB Yes
1.8E-5 0.6 R42B45AJ,SUPRD Yes

,

; Cumulative 57.1
importance

Y

* SUPRA, SUPRB, SUPRC, SUPRD--notation for RHRSW interface faults.
O

!

A,

t

)
i

;

I
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TABLE B-22. RHR SYSTEM CUT SETS

(GD with LOSP)
m

Importance Potentially
Unavailability (%) Cut Sets * Recoverable

1.lE-5 4.1 RCK0672G,RCK0071G No
1.lE-5 4.1 RCK0531G,RCK0672G No
1.lE-5 4.1 RCK0531G,RCK0302G No

1.lE-5 4.1 RCK0071G,RCK0302G No

1.lE-5 4.1 RCK0302G,SUPSDA,SUPSDB No

1.lE-5 4.1 RCK0071G,SUPSDC,SUPSDD No

1.lE-5 4.1 RCK0672G,SUPSDA,SUPSDB No

1.lE-5 4.1 RCK0531G,SUPSDC,SUPSDD No

1.lE-5 4.1 SUPSDA ,SUPSDL,SUPSDB,SUPSDD No
3.3E-6 1.2 kVM0531P,RCK0302G No

3.3E-6 1.2 RVM0672P,RCK0071G No
3.3E-6 1.2 RCK0071G,RVM0302N No

3.3E-6 1.2 RCK0531G,RVM0302N No
3.3E-6 1.2 RCK0531G,RVM0672P No
3.3E-6 1.2 RVM0071N,RCK0302G No

3.3E-6 1.2 RCK0672G,RVM0071N No

Cumulative 45.3

importance

* SUPSDA, SUPSDB, SUPSDC, SUPSDD--notation for the 4160 V shutdown board
faults.

=

L
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TABLE B-23. RHR SYSTEM CUT SETS

(RA LOOP 1 with LOSP)

4

Importance Potentially

Unavailability (%) Cut Sets * Recoverable

4.8E-3 12.2 RR3A122 Yes
4.8E-3 12.2 RR3All2 Yes
3.3E-3 8.5 RCK0531G Yes
3.3E-3 8.5 RCK0071C Yes
3.3E-3 8.5 RCK047UG Yes

3.3E-3 8.5 RCK048UG Yes
1.2E-3 2.9 SUPSDA,SUPSDB Yes
1.2E-3 2.9 SUPRA ,SUPSDB Yes
1.2E-3 2.9 SUPSDA,SUPRC Yes
1.0E-3 2.5 RVM0531P No

1.0E-3 2.5 RVM0071N No

1.0E-3 2.5 RVM047UP No

1.0E-3 2.5 RVM048UP No

1.0E-3 2.5 RRA001AD Yes
9.lE-4 2.3 R42B45AJ Yes
5.3E-4 1.3 RG4A22 Yes

Cumulative 83.2
importance

* SUPSDA, SUPSDB--notation f or the 4160 V shutdown board faults; RR3All2,
RR3Al22--notation for isolation signal faults; RG4A22--notation for
initiation signal faults; SUPRA, SUPBC--notation for RHRSW interface faults.

=
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TABLE B-24. RHR SYSTEM CUT SE1S
(R L to 2 with LOSP)A

*
Importance Potentially

Unavailability (%) Cut Sets * Recoverable

4.8E-3 12.2 RR3A122 Yes
4.8E-3 12.2 RR3A112 Yes
3.3E-3 8.5 RCK0672G Yes
3.3E 3 8.5 RCK0302G Yes
3.3E-3 8.5 RCK047UG Yes

3.3E-3 8.5 RCK048UG Yes
1.2E-3 2.9 SUPSDC,SUPSDD Yes
1.2E-3 2.9 SUPRB ,SUPSDD Yes
1.2E-3 2.9 SUPSDC,SUPRD Yes
1.0E-3 2.5 RVM0672P No

1. '.E-3 2.5 RVM0302N No
1.0E-3 2.5 RVM047UP No
1.0E-3 2.5 RVM048UP No
1.OE-3 2.5 RRA001AD Yes
9.lE-4 2.3 R42B45BJ Yes
5.3E-4 1.3 RG4B22 Yes

Cumulative 83.2
importance

* SUPSDC, SUPSDD--notation for the 4160 V shutdown board faults; RR3Al22,
RR3Al's2--notation for isolation signal faults; RC4B22--notation for
initiation signal faults; SUPRB, SUPRD--notation for RHRSW interface faults.

m

b
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TABLE B-25. RHR SYSTEM CUT SETS

(RB with LOSP)

Importance Potentially

ig, Unavailability (%) Cut Sets * Recoverable

1.0E-3 13.9 RRB0001D Yes
1.9E-4 2.6 RCK0571G,SUPSDD Yes
1.9E-4 2.6 RCK0071G,SUPSDC Yes

47 1.9E-4 2.6 RCK0571G,SUPSDC Yes
1.9E-4 2.6 RCK0302G,SUPSDA Yes

1.9E-4 2.6 RCK0302G,SUPSDB Yes
1.9E-4 2.6 RCK0712G,SUPSDA Yes
1.9E-4 2.6 RCK0712G,SUPSDB Yes
1.9E-4 2.6 RCK0071G,SUPSDD Yes
1.9E-4 2.6 SUPSDA ,SUPSDB,SUPSDC Yes

1.9E-4 2.6 SUPSDA ,SUPSDC,SUPSDD Yes

1.9E-4 2.6 SUPSDB ,SUPSDC,SUPSDD Yes
1.9E-4 2.6 SUPSDA ,SUPSDB,5UPSDD Yes
6.7E-5 0.9 RCK0302G,SUPRC Yes
6.7E-5 0.9 RCK0712G, SUPRA Yes

6.7E-5 0.9 RCK0712G,SUPRC Yes
6.7E-5 0.9 RCK0071G,SUPRD Yes
6.7E-5 0.9 RCK0571G,SUPRB Yes
6.7E-5 0.9 RCK0071G,SUPRB Yes
6.7E-5 0.9 RCK0571G,SUPRD Yes
6.7E-5 0.9 RCK0302G, SUPRA Yes

Cumulative 52.3
importance

* SUPSDA, SUPSDB, SUPSDC, SUPSDD--notation for the 4160 V shutdown board
faults; SUPRA, SUPRB, SUPRC, SUPRD--notation for RHRSW interface faults.

2.3 High Pressure Coolant Injection (HPCI) System

O Certain LOCAs will not depressurize the reactor vessel rapidly enough
to allow successful reflooding of the vessel with the LPCI systems. There-
fore, an HPCI system is necessary. In addition, there are times when the

reactor vessel may be isolated and pressurized at or near operating pres-
Decay and residual heat will continue to generate steam in the ves-d sure.

sel. Consequently, vessel water level will decrease as the water evolves
into steam. In this case, some high-pressure source of makeup water must
be provided. Both of these functions can be accomplished by the HPCI
system.
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2.3.1 Purpose
{

The HPCI system is one of the emergency core cooling systems at BFl.

The primary purpose of the HPCI system is to provide a supply of cool-
ing water to reflood the reactor core in the event of a LOCA that does not WF,

result in rapid depressurization of the reactor vessel. The HPCI system is
designed to rovide this function, unassisted, for all liquid breaks less

than 0.12 ft in area, or appro).imately 5 inches in diameter; or all
steam breaks that are less than 1.4 f t in area, or approximately g,
16 inches i n d iame te r.

The HFCI system can also be used to provide makeup water to the reactor
during periods when the reactor is at or near normal operating pressure and
is isolated from normal makeup sources.

2.3.2 System Configuration

Overall Configuration. The HPCI system consists of a steam turbine
assembly that drives a constant-flow pump and includes the associated pip-
ing, valves, controls, and instrumentation. Figure B-8 is a simplified
diagram of the system.

The HPCI turbine is driven by steam that is generated in the reactor
vessel. The steam is extracted from main steam Line B upstream of the main
steam isolation valves. The turbine exhaust is directed to the suppression

pool. Rupture disks in the turbine exhaust line provide turbine protection
should turbine exhaust line blockage occur.

The turbine-driven pump, which actually consists of a main pump and
booster pump driven by the HPCI turbine through a speed reducer, is provided
with two sources of water for injection into the reactor vessel. Initially,
demineralized water frem the CST is used instead of injecting the less
desirable water from the suppression pool into the reactor. This provides
reactor grade water to the reactor vessel for the case where the need for
HPCI is rapidly satisfied. After the water in the CST ic depleted, the
tank's low level signal will automatically shift suction to the suppression
pool. Water from either source is pumped into the reactor vessel via feed

water Line A.

To prevent HPCI pump overheating during periods of reduced system flow,
a minimum-flow hypass line is provided. This line routes a small volume of
water from the pump discharge path to the suppression pool. Flow is ,
controlled by the minimum-flow bypass valve (FCV-73-30).

Another line in the HPCI pump discharge path is used f or full-flow
operational testing of the HPCI system while the plant is operating. A

; 4-inch orifice in this line provides a discharge head to simulate reactor L
I pressure. If, during testing, an HPCI initiation signal is received, the

two test line isolation valves (FCV-73-35 and 36) will automatically shut. I

These valves will also shut if either of the suppression pool suction valves
(FCV-73-26 and 27) is opened.
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Figure B-8. HPCI system.
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Some of the booster pump discharge flow is directed through a pressure
, regulator (CV-73-43) and is used as cooling water for the HPCI pump lubrica-

tion system lube oil cooler. In addition, this flow is directed to the HPCI
system gland seal condenser and used to condense turbine gland seal leakoff
and valve stem sealing steam. Heat from the HPCI turbine and pump lubrica--
ting oil is transferred to the cooling water and the water is directed to .W

the suction side of the booster pump via a common cooling water return line.
Here the water is mixed with the water flowing into the booster pump from'

i the CST or suppression pool. The HPCI turbine and pump lubricating oil
flows through the shell side of the lube oil cooler and provides lubrica-

,I*tion to the turbine and pump components. Oil flow is accomplished by the
DC motor-driven auxiliary oil pump or the attached lube oil pump.

i

The DC motor-driven auxiliary oil pump is required for initial opera-
tion of the turbine lubrication and hydraulic systems during turbine startup ,

and provides a backup for the attached lube oil pump should the attached
lube oil pump malfunction during turbine operation. The attached lube oil
pump is designed to meet total oil requirements of the lubrication and
hydraulic systems over the normal operating speed range (2000 to 4000 rpm).

The HPCI system gland seal condenser collects steam leakage from tur-
bine gland seals, turbine control and stop valve stems, and turbine exhaust

i d ra inage . Coolant flow from the HPCI booster pump sprays into the condenser
j and aids in condensing the steam. A DC powered gland seal condenser con-

densate pump maintains level in the gland seal condenser hotwell. Con-#

' densate is pumped from the hotwell to the suction side of the booster pump
.

via the common cooling water return line. A DC powered gland seal condenser
j gland exhauster removes noncondensables from the gland seal condenser via

the standby gas treatment system. Startup of the condenser equipment is
automatic, but condenser equipment failure does not prevent the HPCI system

; from fulfilling its core cooling objective.

!

The HPCI system controls automatically start the HPCI system and bring'

| it to the design flow rate of 5000 gpm within 25 sec after receipt of a
reactor vessel low-low water level signal or a primary containment (drywell)
high pressure signal. The system is designed to deliver the design flow
rate to the core at reactor vessel pressures ranging from 1120 to 150 psig.2

The HPCI system automatically stops when a high water level in the reactor
is signaled, when steam supply pressure drops below 100 psig, or when other

,

j system parameters generate a trip signal.

HPCI system operation is designed to be completely independent of AC
j power although some HPCI components interface with AC power systems. Only *

DC power from the plant batteries and steam extracted f rom the reactor
| vessel are necessary for startup and operation of the system.
!

Support fystem Interfaces FMEA. The HPCI system components interface
,

|
with various AC and DC electrical systems, the control air system, and the gg

; EAC system. HPCI pump lubrication and control system components are
i integral to the HPCI system. Component / supporting system interactions are

given in Table B-26.'

'

Instrumentation and Control. HPCI system initiation, trip, and isola-
| tion are automatically controlled by various plant and system parameters.

i

'
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1ABLE B-26. HPCI SYSTEM FMEA 0F COMPONENT / SUPPORTING-SYSTEM INTERACTIONS

j Supporting Failure Mode of Local Effects an
j Component System Interface Support System Front-Line System Remarks

i

! FCV-73-2 480 V AC Terminal 17E No power to board; No motive power to valve FCV-73-2 is a normally open containment isolation
2 RMOV-1A breaker open operator; valve remains valve in the steam supply line to the turbine
! in position

|
250 V DC kelays: No signal from Valve remains in position Because valve is normally open, it has auto-close |

RMOV Board-1A 2 3 A-K12 control logic unless manually activated capability; protective functions energine these'

23A-K27 relays to close the valve

j 250 V DC Relay 23A-K37 -- -- -

! RMOV Board-1B
t

FCV-73-3 250 V DC Terminal llD2 No pcwer to board; No motive power to valve TCV-73-3 is a normally open containment isolation

| RMov-1A breaker open operator; valve remains valve in series with FCV-73-2
' in position

250 V DC Relays: No signal from Valve remains in position Because valve is normally open, it has auto-close
j RMOV Board-1A 23A-K12 control logic unless manually activated capability; protective functions energine these
i 23A-K27 relays to close the valve

| t8

| 1 2 50 V DC RMOV Relay 23A-K37 -- -- --

H Board-1B
i w

LCV-73-5 Control air -- No air supply valve will not open LCV-73-5 is a solenoid operated, air-actuated
valve that opens on high level in the steam lineI system 'condensate pot; if there is suf ficient condensate

250 V DC LS-73-5 No signal from LCV-73-5 will not open; in the steam line, failure of the . steam line high
'

RMOV Board-1A LS-73-5 LS-73-5 is the high-level pressure drain trap and coincident failure of
switen to automatically LCV-73-5 to open, combined with operator failure-
activate LCV-73-5 to recognize associated valve position indication

and alarms. may result in turbine Jamage

FCV-73-16 250 V DC Terminal 3D No power to board; Valve remains closed; no FCV-73-16 is a normally closed valve in the steam
i

RMOV-1A breaker open steam to turbine; HPCI supply line to the turbine
unavailable

i
t

250 V DC Relays: No signal from Valve will not open --

I RMOV Board-1A 23A-Kl--low reactor control logic automatically
'

level pressure
23A-K3--high
drywell pressurei

FCV-73-26 250 V DC Terminal 4D No power to board; Valve remains closed; FCV-73-26 is a normally closed valve in the NFCI
RMOV-1A breaker open isolation of suction flow pump suction line; the preferred source of water

path from torus to pump is the condensate storage tank
)
i

I

!

l
|
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1ABLE B-26. (Continued)
1

Su p porting Failure Mode of Local Effects on
Com ponen t System Interface Support System Front-Line System Remarks

i F CV-7 3-26 250 V DC Relays to open valves No signal from Valve will not System unavailable if condensate storage tank is
I (continued) RMOV Board-1A 23A-K15, 23A-K25 control logic automatically change empty; manual operation is possible

position

Relays to close valve: -- -- --

23A-K13, 23A-K28

FCV-73-27 250 V DC Terminal 9D No power to board; Valve will remain closed; FCV-73-27 is a normally closed valve in series
RMOV-1A breaker open isolation of suction flow with FCV-73-26

path from torus to pump

250 V DC - - - - - - - - - - - - - - - - - - - -Same relays and failure effects as FCV-73-26- - - - - - - - - - - - - - - - - - - -
RMOV Board-1A

i F CV- 7 3-30 250 V DC Terminal 8D No power to board; -- FCV-73-30 is the flow control valve in the
RMOV-1A breaker open minimum-flow bypass line

' 2 50 V DC Relays to open valve: No signal from Valve remains in position Condensate storage tank drains to suppression
i Cd RM3V Board-1A 23A-K24, 27A-K16 control logic unless manually activated pool if valve remains open; suction is from CST
' j, and HPCI system trips
i ra
l 4' Relay to close valve: -- -- --

! 23A-K14
I

i FCV-73-34 250 V DC Terminal 5A No power to board; Valve will remain in FCV-73-34 is a normally open valve in the pump
- kMOV-1A breaker open position discharge line to the reactor vessel; it is in
I series with FCV-73-44, which is normally closed

250 V DC Relays: No signal from Valve will not automat- Valve receives a signal to open even though it is
- RMOV Board-IA 23A-K2--reactor low control logic ically change position; normally open

level ha.4ver, the normal posi-
| 23A-K4--high drywell tion of the valve is its

pressure required operational,

! 23A-K43 position (i.e., open)

FCV-73-35 250 V DC Terminal 6A No power to board; Valve remains in position FCV-73-35 is a normally closed valve in the'

| RA0V-1A breaker open 10-in. HPCI full-flow test line to the condensate
! storage tank; FCV-73-36 is a redundant valve in

series; both valves must be inadvertently oPen to
interfere with HPCI operation; failure of these

valves to close could result in insufficient RPCI
injection flow to the reactor vessel or contamin-
ation of the CST with suppression pool water'

|
,

|

!
|

>

!

I
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|

|
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1AblE B-26. (Continued)

Supporting Failure Mode of Local Effects on
Component System Interface Su p po r t System Front-Line System Rema rk s

FCV-73-35 250 V DC Relays: No signal from Valve will not automat- Manual operation is possible

(continued) RMOV Board-1 A 23A-K1 control logic ically activate to close
2 3 A- K2 as required
23A-K4
23A-K21
2 3A-K2 2
23A-K43

FCV-73-36 250 V DC Terminal 4A - - - - - - - - - - - - - - - - -Same failure effects as FCV-73-3S- - - - - - - - - - - - - - - -
RMOV-1B

250 V DC - - - - - - - - - - - - - - - - - - - -Same r e l ays a nd f a ilu r e e f f ec t s a s FCV-7 3-35- - - - - - - - - - - - - - - - - - - -

RMOV Boards

FCV-73-40 250 V DC Terminal ID2 No power to board; Valve remains in position FCV-73-40 is a normally open isolation valve in
RMOV-1A breaker open the pump suction line from the condensate storage

tank; f ailure to change position could cause HPCI
unavailability due to loss of suction when the

t CST is empty

$ 250 V DC Relays: No signal from Valve will not automati- Manual operation is possible
'" RMOV Board-1 A 2 3A-Kl--open valve control logic cally change position

23A-K3--open velve
2 3A-K21--close valve
23A-K22--close valve

FCV-73-44 250 V DC Terminal 7A No power to board; Valve will remain closed; FCV-73-44 is a normally closed valve that
RD3V-1 A breaker open isolation of flow path isolates HPCI from the reactor vessel

from pump to reactor
vessel

Failure of valve to
reclose upon opening is
not a serious failure
because of redundant
check valves and isola-
tion valves in the line

2,t V DC Relays: No signal from Valve will not Manual operation is possible
RMOV Board-1A 23A-Kl--reactor low control logic automatically open

level
23A-K3--high drywell
pressure

FCV-73-45 120 V AC Remote test switch and No power to board; Valve will operate FCV-73-45 is a testable check valve in the HPCI
I&C Bus A local test switch blown fuse normally regardless of pump discharge line to the reactor vessel

switch position, power
Control air availability, or control
system air pressure

-
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TABLE E-26. (Continued)

1

Supperting Failure Mode of Local Effects on
Component System Interface Support System Front-Line System Remarks

Adailiary oil 250 V DC Terminal 4A No power to board; Oil pump not operable; The auxiliary oil pump provides hydraulic force
pump RMOV-1A breaker open turbine inlet valves will to the turbine stop valve and turbine governor

not open; HPCI valve during startup of the turbine
,

I

unavailableL

I

250 % DC Relay 23A-K24K No signal from Pump will not Can be started manually regardless of control
RMOV Board-1A control logic automatically start logic signal if FCV-73-16 is open

4

'

Gland sea' 250 V DC Terminal 982 No power to board; Gland seal condensate HPCI is functional with this pump in>perable

c ondensa. * ,,sp RMOV-1A breaker open pump is inoperable

250 V DC Relays: No signal from Pump will not auto-start -

RMOV Board-1 A 23A-Kl9--start control logic or auto-stop

f 23A-K10--stopg
i

[ Gland seal 250 V DC Terminal 882 No power to board; Gland seal exhauster is HPCI is functional with this component '

y erhauster RMOV-1A breaker open inoperable inoperable

250 V DC Relay 23A-E24 No signal from Exhauster will not --
,

RMOV Board-1A control logic auto-start

Turbine Equipment RHR Room A and C fan No heat removal Turbine room will heat Turbine can operste for a minimum of 8 hours
area cooling coolers by EECW until turbine isolates at without EAC when the suppression pool is the

194*F source of water for the system (worst case)

No forced Design conditions for oil --
'convection by HVAC coolers are exceeded

Division 11 250 V DC -- No power to board; Division 11 logic LS-73-5 is the high level limit switch to auto-

control logic RMOV-1A breaker open inoperable natically activate LCV-73-5

Division I 250 V DC -- No power to board; aivision I logic HPCI innperable
control logic RM.N-1 B breaker open inoperable:

I initiation logic changes from one-out-of-two-
twice to two-of-two for both drywell pressure and

,
reactor vessel level signals4

!
.

4

i
i

!

i 4 ( t s
.
!

= ~ _,_ _. ,



System Initiation--The HPCI system will automatically start and
inject water into the reactor vessel when either of two signals are present.
These signals are:

1. High drywell pressure (2 psig).
s

2. Low reactor vessel water level (476.5 inches above vessel zero).

Four pressure switches are used to sense drywell pressure. Relays
associated with these switches are arranged in one out of-two-twice logic

* for the HPCI initiation signal.

Four level switches are used to sense reactor vessel level. In a

similar arrangement, the relays associated with these switches are arranged
in one out-of-two-twice logic for HPCI initiation. Figure B-9 is a simpli-
fied diagram of the HPCI system initiation circuitry.

When the HPC1 initiation sig al is received, the HPCI steam supply
valve (FCV-73-16) opens, the HPCI pump discharge valve (FCV-73-44) opens,
and the minimum-flow bypass valve (FCV-73-30) opens. In addition, the

auxiliary oil pump starts and causes the turbine stop valve (FCV-73-18) and
the turbine governor valve (FCV-73-19) to open. Figure B-10 is a simplified
diagram of the auxiliary oil pump starting circuit. These component
responses will result in water being pumped from the CST to the reactor
vessel via feed Line A.

In addition, the initiation signal will cause the CST suction header
isolation salve (FCV-73-40) to open if it is closed, unless the two suppres-
sion pool suction valves (FCV-73-26 and 27) are already open. The signal
will close the two test line isolation valves (FCV-73-35 and 36) if they
a re open. The normally open discharge line isolation valve (FCV-73-34)
will also open if it is closed.

The auxiliary oil pump will shut down when turbine speed reaches
1800 rp;. At this speed the attached oil pump output will meet the
requirements of the turbine hydraulic and lubrication systems.

When system flow reaches 1200 gpm the minimum-flow bypass valve
(FCV-73-30) will close.

Turbine Trip--Any of the following conditions will cause the HPCI
turbine to trip:

l. High reactor vessel water level (582 inches above vessel zero).'

2. High turbine exhaust pressure (150 psig).

3. Low booster pump suction pressure (15 inches Hg vacuum).4

4. Turbine mechanical overspeed (5000 rpm).

5. Any HPCI isolation signal.
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6. Remote manual trip from control roon.

7. Manual trip lever on the HPCI turbine.

A turbine trip will cause the following system effects:

#
1. Turbine stop valve (FCV-73-18) closes.

2. Minimum-flow bypass valve (FCV-73-30) closes.

The latter action is necessary to prevent drainage of the CST to the

suppression pool.

All of the turbine trips except high water level and HPCI isolation
will reset automatically when the initiating condition clears. High water
level will reset when the low level initiation setpoint (476.5 inches above
vessel zero) is reached or when the hiFh level signal is manually reset.
The HPCI isolation signal must always be manually reset.

System Isolation--Any of the following conditions will cause the
llPCI system to be automatically isolated:

1. liigh temperature (194*F) of HPCI steam line space.

2. liigh dif ferential pressure of HPCI steam line (steam line break;
225 inches of water or approximately 300% of design flow).

3. Low ilPCI steam supply pressure (low reactor pressure) (100 psig).

4. High pressure of turbine exhaust line rupture disk (10 psig in
the space between rupture disks). (The rupture disks are designed
to rupture at 175 psig at 378 F.)

5. Manual isolation from the control room.

The hPCI isolation signal will cause the follodIng system effects:

1. Turbine trip;

a. Turbine stop valve (FCV-73-18) closes.

F. Minimum-flow bypass valve (FCV-73-30) closes.

Inboard (AC) steam line isolation valve (FCV-73-2) closes. -
m .

1. ou t i ca rd (DC) stenm line isolation valve (FCV-73-3) closes.

4 Suppressio, pt~i siction valves (FCV-73-26 and 27) close, if open.
2

The low tlPCI steam supply pressure isolation signal will automatically
reset when reactor pressure is restored. The remaining isolation signals
seal in and must be manually reset when the isolation condition has cleared.

B-120



_. - - - .- .__ - - . - - . . . . _ . . - . .. .-. .. - _ - -- ..-

w4

| Testing. HPCI system testing requirements are summarized in
Table B-27. When a test places any part of the HPCI system in a condition1

that would preclude proper system operation cn demand, it is assumed that1

; the test contributes to the overall system unavailability. Consequently,
the test is coded as a basic event and included in the system fault tree.

' ( Where applicable, the basic event code for each test is included in
! parentheses under the " Component Undergoing Test" column of Table B-27.
|

! Maintenance. Upon reviewing the BF1 maintenance schedules, only one
maintenance act was identified that was assumed to contribute to the overall' .

i HPCI system unavailability. Once per quarter the HPCI turbine stop valve
(FCV-73-18) hydraulic cylinder seals must be checked for leakage. The cotal

| time to perform this maintenance act is 2 hours. It is assumed that the
HPCI system will be unavailable for the total duration of this maintenance
act.

Table B-28 is a summary of the HPCI system maintenance acts identified
as a result of the review mentioned above. When the maintenance act isi

i considered to contribute to HPCI system unavailability, the act is coded as
| a basic event and included in the system fault tree. Where applicable, the

basic event code associated with the corresponding maintenance act is1

included in parentheses under the " Maintenance Requirement" column.
,

Technical Specification Limitations

1. The HPCI system shall be operable:

Prior to startup from cold condition.a.
!

b. Whenever there is irradiated fuel in the reactor vessel and'

.

the reactor vessel pressure is greater than 122 psig, except
if the HPCI system is inoperable the reactor may remain inI

operation for a period not to exceed 7 days provided ADS,
core spray, LPCI mode of RHR, and RCIC are all operable.

,
If these conditions are not met, an orderly shutdown shall be

! initiated and the reactor vessel pressure reduced to 122 psig or
! less within 24 hours.

2. HPCI testing shall be performed as follows:

a. Simulated automatic actuation test (SI 4.5.E.1.a) once per
operating cycle.; -

b. Pump operability (SI 4.5.E.1.b) once every month,

Motor-operated valve operability (SI 4.5.E.1.c) once everyc.
' month.

i
J

d. Flow rate at normal reactor operating pressure (SI 4.5.E.1.d
' and e) once every 3 months.

e. Flow rate at 150 psig (SI 4.5.E.2.d and e or SI 4.5.E.1.d
and e) once per operating cycle.

I
B-121
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; 3. Whenever HPCI is required to be operable the piping f rom the pump
'

discharge to the last flow-blocking valve shall be filled. Water
; flow from the high point vent must be observed monthly.

(SI 4.5.E.1.b, d and e or SI 4.5.E.2.d and e.)

2.3.3 System operation >

j As discussed earlier, the HPCI system is designed to start and inject
water into the reactor vessel without operator action. However, the system

i can be operated manually. Both of these methods of operation will be
*discussed below.

Automatic Operation. When reactor vessel level decreases to
476.5 inches above vessel zero or when drywell pressure increases to 2 psig,
the HPCI logic circuitry sends an initiation signal to various HPCI compon-

[ ents. Given a normal system lineup as depicted in Figure B-8, the following
actions will take place. The turbine steam supply valve (FCV-73-18), the
minimum-flow bypass valve (FCV-73-30), and the HPCI pump discharge valve
(FCV-73-44) will open. The auxiliary oil pump will start, and this will
cause the turbine stop valve (FCV-73-18) and the turbine ' governor valve ,

(FCV-73-19) to open. The turbine will ramp up on the governor and settle
| out at an injection flow rate of 5000 gpm.
I

I

i While the turbine is ramping up, the minimum-flow bypass valve will
t close when the HPCI pump discharge flow reaches 1200 gpm, and the auxiliary

,

'

| oil pump will trip off when turbine speed reaches 1800 rpm.

f When CSI level reaches 42 feet 10 inches of water (approximately
7,000 gallons) or when the suppression pool water level increases to'

; 7 inches above normal level, the suppression pool suction valves (FCV-73-26
; and 27) will open. When both valves are fully open, the CST suction valve
I (FCV-73-40) will close.

j The turbine control system will maintain turbine speed to provide con-
stant flow to the reactor vessel until a turbine trip signal or an isolation
signal shuts the system down.'

Manual Operation. The system is manually operated by starting the
standby gas treatment system and the gland seal exhauster. The flow con-
troller is shifted to " manual" and set for 20% flow. The minimum-flow i

bypass valve (FCV-73-30) and the turbine steam supply valve (FCV-73-16) are
opened. The auxiliary oil pump is started, and this will start the turbine.
The HPCI pump discharge valve (FCV-73-44) is opened, and the flow controller

,

is used to maintain desired reactor vessel water level.

2.3.4 Fault Tree'

'

Figure B-11 is the HPCI system feult tree. The HPCI system is a Jr

single-train system. Consequently, many logical OR gates exist in the
system fault tree. A reduced tree is depicted in Figure B-11. Many of
these OR gates have been combined into one tabulation OR (TAB OR) gate in
order to save space and make the tree easier to comprehend. The TAB OR
gates were only used where system fault logic would not be compromised by

!

i B-122
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3. Whenever HPCI is required to be operable the piping from the pump
discharge to the last flow-blocking valve shall be filled. Water
flow from the high point vent must be observed monthly.
(S1 4.5.E.1.b, d and e or SI 4.5.E.2.d and e.)

2.3.3 System Operation >

As discussed earlier, the HPCI system is designed to start and inject
water into the reactor vessel without operator action. However, the system
can be operated manually. Both of these methods of operation will be

"discussed below.

Automatic Operation. When reactor vessel level decreases to
476.5 inches above vessel zero or when drywell pressure increases to 2 psig,
the HPCI logic circuitry sends an initiation signal to various HPCI compon-
ents. Given a normal system lineup as depicted in Figure B-8, the following
actions will take place. The turbine steam supply valve (FCV-73-18), the
minimum-flow bypass valve (FCV-73-30), and the HPCI pump discharge valve
(FCV-73-44) will open. The auxiliary oil pump will start, and this will
cause the turbine stop valve (FCV-73-18) and the turbine governor valve
( FU.'- 7 3- 19 ) to open. The turbine will ramp up on the governor and settle
out at an injection flow rate of 5000 gpm.

While the turbine is ramping up, the minimum-flow bypass valve will
close when the HPCI pump discharge flow reaches 1200 gpm, and the auxiliary
oil pump will trip off when turbine speed reaches 1800 rpm.

When CSI level reaches 42 feet 10 inches of water (approximately
7,000 gallons) or when the suppression pool water level increases to
7 inches above normal level, the suppression pool suction valves (FCV-73-26
and 27) will open. When both valves are fully open, the CST suction valve
(FCV-73-40) will close.

The turbine control system will maintain turbine speed to provide con-
stant flow to the reactor vessel until a turbine trip signal or an isolation
signal shuts the system down.

Manual Operat ion. The system is manually operated by starting the
standby gas treatment system and the gland seal exhauster. The flow con-
troller is shifted to " manual" ano set f or 20% flow. The minimum-flow
bypass valve (FCV-73-30) and the turbine steam supply valve (FCV-73-16) are
opened. The auxiliary oil pump is started, and this will start the turbine.

| The HPCI pump discharge valve (FCV-73-44) is opened, and the flow controller
,

is used to maintain desired reactor vessel water level.

2.3.4 Fault Tree

F igure B-ll is the HPCI system fault tree. The HPCI system is a p

I single-train system. Consequently, many logical OR gates exist in tho

| system fault tree. A reduced tree is depicted in Figure B-ll. Many of
| these OR gates have been combined into one tabulation OR (TAB OR) gate in
| order to save space and make the tree easier to comprehend. The TAB OR
I gates were only used where system fault logic would not be compremised by

1

!
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i

i
TABLE B-27. liPCI SYSTEM TEST REQUIREMENTS SUMMARY

l

Components
Aligned Away from

Component Test Engineered Expected
Undergoing Type of Procedure Safeguards Test Expected Test

Test Test Number Position for Test Frequency Outage Time Remarks

1

; LS-23-94A CST level SI 4.2.B-26, FCV-73-26 Once every 2 hr (see note Power removed from 26
'

LS-23-94B functional test Step 4.3 FCV-73-27 month in remaaks and 27
(MS42B26J) LS-23-94A below)

LS-23-94B
FCV-73-35* FCV-73-35 and 36 somen-
FCV-73-36* tarily opened to test logic

Sane as CST level SI 4.2.B-26, Same as above once every Same as above Same as above (Steps 4.2
above calibration Step 4.2 3 months and 4.3 are essentially

the same procedure)
j

i

LS-73-91A Suppression pool SI 4.2.B-27 FCV-73-26 Once every 3 hr (The channel calibration is
,

LS-73-91B high level func- Step 4.3 FCV-73-27 3 months run once every 3 months but
; g3 ,

i (MS42B27J ) tional test and the outage for these valves

{ ;j calibration will remain the same; the

us functional test and the
|

calibration procedures are

|
essentially the same)

FCV-73-2 HPCI turbine steam SI 4.2.B-36 FCV-73-16 Once every 2 hr Power removed from
! FCV-73-3 line high flow PCV-73-30 month FCV-73-16 and 30

FCV-73-16 functional test andi

| FCV-73-26 calibration

i FCV-73-27
*

! FCV-73-30
i FCV-73-81

(MS42B36J)

| HPCI steam Functional SI 4.2.B-37 FCV-73-16 Once every -- Tagged out (FCV-73-16 is
| line tem- calibration 3 months tagged out, but only if it

j perature (Calibration) is determined that tempera-
i switches ture switch replacement is

I necessa ry)

;

i

'

1

|

\
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1ABLE B-27. (continued) i
,

4

,i
' Components

Aligned Away from
| Component Test Engineered Expected

| Undergoing Type of Procedure Safeguards Test Expected Test
Test Test Number Position for Test Frequency Outage Time Remarks

FCV-73-2 HPCI system initia- SI 4.2.B-42A Once every Assuee: 8 hr Power removed from
FCV-73-3 tion and isolation 6 months FCV-73-16, 30 and 44

i FCV-73-16 logic functional FCV-73-16
I FCV-73-26 test e
'

FCV-73-27
7CV-73-30 FCV-73-30'

'
FCV-73-34
FCV-73-35
FCV-73-36
FCV-73-40
FCV-73-44 FCV-73-44
FCV-73-81j

tn

5, Auxiliary -- -- Auxiliary -- -- Auxiliary oil pump locked

oa oil pump oil pump out and circuit breaker
#' (MS42B42J) open

HPCI system Automatic actuation S1 4.5.E.1.a FCV-73-2* Once every Assume: I hr All valves repositioned to

( MS45EI AJ) FCV-73-3* operating " normal" by test signal and
FCV-73-34* cycle procedure
FCV-73-35*
FCV-73-36*
FCV-73-40*
Auxiliary oil pump Renders entire system
hand switch inoperable; repositioned

; (HS-73-47A) pull- to " auto" by procedure
i to-lock

I
HPCI pump Operability S1 4.5.E.1.b Flow controller-- Once every Assume: 5 min System will not deliver+

(MS45ElBJ) manual month design flow with controller
in manual; repositioned
when test complete

1

i
9

!

i % a y
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i TABLE B-27. (continued)
!

A Components
Aligned Away from

i Component Test Engineered Expected
Undergoing Type of Procedure Safeguards Test Expected Test

j
Test Test Number Position for Test Frequency Outage Time Rema rk s

LCV-73-5 Stroke SI 4.5.E.1.c Auxiliary oil pump Once every 20 sec (max) Renders entire system
FCV-73-16 locked out for month inoperable

FCV-73-16 stroke (Unavailability

FCV-73-6A contribution All valves cycled from

FCV-73-6B considered standby to engineered
FCV-73-30 insignificant safeguards position and
FCV-73-26 compared to back
FCV-73-27 valve failure

rate (IE-3D);
D$ each valve is
2- stroked inde-'

[$ pendent 1 of
the next

HPCI system Flow (normal steam SI 4.5.E".l.d Flow controller-- Once every Assume: I hr System will not deliverd

(MS45ElDJ) pressure) and e manual 3 months design flow with controller'

an mannal

FCV-73-18
(tripped) With FCV-73-18 tripped
FCV-73-35* system is rendered'

FCV-73-36* inoperable (momentarily)
.

HPCI system Flow (150 psig SI 4.5.E.1.d Same as above Once every Same as above Same as above; assume:

steam pressure) and e operating this SI normally done when
cycle reactor is shut down (i.e..

SI 4.5.E.2.d and e)
*

Will reposition automatically if accident signal is present.*
,

)

i
1

1

,---



TABLE B-28. IIPCI SYSTEM MAINTENANCE ACTS SUMMARY

Instruction
Maintenance Requirement Number Frequency Duration Remarks

Perform quarterly inspection of MMI 23 Once every -- Visual inspection only
HPCI system month

,

Chect turbine stop valve -- Once every 2 hr Assumed: system out of service,

( FCV-7' -18) hyd raulic cylinder 3 months1 ;

y seals for leakage (MM00181J)

Inspect HPCI drain level -- Once every -- Assumed: system not taken out of
switches (LS-73-5 and LS-73-8) 6 months service, because no duration time

was given

Y *
f (

-
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,

HPCI system f ails to
deliver sufficient

flow to reactor vessel
when house events exist

n

iI

I

HPCI system fails to
LOCAs: deliver ef ficient

Intermediate
i flow to reactor vessel

small I

transients:
PCS unavailable

MHOUSE1
-%

I I I i I

Discharge Steam Exhaust System I
Suction line due to test andline supply line,

a faults faults faults maintenancefaults
" MPP001UF MVM016UT MVK6030P MS45E1AJ

PVK558AP MCK016UG MVS023UP MS42B36J"

MVK045UP MV0018UT MRD028UF MS42B42J

MVM044UT MVC019UT L MS45E1BJA

MCK044UG MIN 019UT Part 2 MS45E1DJ
MM00181J

HPCI Passive No powerPump No signal from valvelubrication from 250 V DCfaults initiation faultssystem circuit MOV Board 1 A
faults MPASSIVE

MPT010UR
MPT010US

B C R1

Part 3 Part 4 EPS,
Figure B 31

Part 29

INEL 21482

Figure B-ll. HPCI fault tree.
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suctica Part 2
une g

faults
i
!

'

I 1

insutticient insuttecaent flow
flow from frorg suppreteson

CST pool when C,4T
MvKSOSup level is low

n

i

insufficient CST
flow from low

suppress 6on pool teves

MHOUSE3
(Turned on for i OCAs)

I I I I
g Suct on Suction MOV

No signal FCV.7140t pain I pata
due to test 6nc _ f aults e t he

MS42BWy e,wggg yyp gym iT
MS42B27J MVM026UT | McN040UG

MCK026UG MRE021GV
MVM027UT No CST MRE022VV
MCK027UG k* l'''' MLSO2007

signal MM7UT

L

e

I I 1

R.ia,23a K25
local f ault No signal .

'
MRE025UV

r,

INEL 21483

Y
I I

t i .wiien t i so.ica
94A 948

local fault local fault
MPSO94AT MPS00487

Figure B-II. (continued).
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No
signal from

C Part 4initiation fcircuit

I

initiation
circuit
faults

O

N
I I

Relay Relay 23A-K3

23A K1 fails to energize
f ails to energize when high drywell

pressure exists

h

T T.

RelayRe ay Reactor vessel 23A-K3 Normal
23 A-K1 low water level falls to drywell

local f aults circuit faults
energize pressure

h MHOUSE4
(Turned on forD tran91ents)

Part 5
I I

High drywell Relay
23A-K3pressure

circuit faults local faults
MRE003UV

OHDP

CS, INEL 21485
Figure B 17,

Part 7-

Figure B-11. (continued).
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Reactor vessel
low water Part 5

level circuit D
faults

e m

I l
Relays Operator

23A-K41 and K7 miscalibrates Relay
23A-K40 and K5levelfails to energize fail to energizeswitches

O OPSLLVLX (3

N N
I 1 I I

Relay Relay Relay Relay
23A-K41 23A K7 23A-K5 23A-K40fails to energize fails to energize fails to energize f ails to energize

tr3

1 A I I Ad Relay Relay

T 23A-K7 23A-K5
local f aults local faults

| | MRE007UV MRE005UV I !
No power Relay OPS 079BT OPS 072BT Relay pio powerto relay 23A-K41 042819BJ 042B12BJ 23A-K40 to relay23A-K40 local faults local faults 23A-K41

M RE041UV MRE040UV

| OPS 079AT OPS 072AT |042819AJ 042B12AJ
No power No power

frorn 250V DC from 250 V DCMOV Board 1B MOV Board 1B

DRIB DRIB
EPS, EPS,

Figure B-31, Figure B-31,
Part 30 Part 30

INEL 21486

Figure B-11. (continued).
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compressing the appropriate gates and their corresponding basic events into
one logic gate. Where this could not be accomplished, no reduction was
attempted and the fault logic is fully developed.'

The HPCI pump suction transfer fault logic is an example of fully-
developed logic. In this case the house event, MHOUSE3, is used to model ,

,

suction transfer faults when LOCA initiating events are being considered.
It is assumed that when a LOCA exists, HPCI suction transfer will be neces-

sary, otherwise the CST will provide adequate inventory. MHOUSE3 is used
to turn on the suction transfer fault logic when appropriate.

.

HFCl initiation circuit faults largely involve one-out-of-two-twice
logic and are relatively complicated to model. Consequently, the logic
associated with these faults is also fully developed where necessary.

The house events MHOUSE4 and MHOUSES are used to control the portion
of the tree that models drywell pressure signal faults. During transients
fluid is not discharged into the containment drywell. Consequently, for

,

] transients, it would be incorrect to include faults of the high drywell
' pressure signal circuitry in the HPCI fault tree. Therefore, MHOUSE4 and

MHOUSES are turned on for transients to allow for this consideration.
Table B-29 lists the house events and shows when each is "on" or "off."

TABLE B-29. HPCI SYSTEM HOUSE EVENTS STATUS

Initiators MHOUSE1 MHOUSE3 MHOUSE4 MHOUSE5

IL,Iy,S On On Off Off

On Off On OnT lA,TpUn,

T K ,1K On On On Onp

i

i In light of the major assumptions used to develop the tree, the remain-
ing gates and system logic should be self-explanatory. These major assump-
tions will be discussed in the next following subsection.

Success / Failure Criteria. The top event in the HPCI system fault tree,
representing the system failure definition, is "HPCI system f ails to deliver

*sufficient flow to reactor vessel when house events exist." The house
events are small and intermediate LOCAs, and transients where PCS is
unavailable. Therefore, failure of the HPCI system occurs if the system
cannot deliver sufficient flow to the reactor vessel during small or inter-
mediate LOCAs or during transients when PCS is unavailable. For this ,

analysis "suf ficient flow" was considered to be the design flow of 5000 gpm.

Any flow less than this amount was considered to be inadequate.

Major Assumptions. The following major assumptions were used for
construction of the HPCI system fault tree:

B-132
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1. The HPCI system can successfully respond to any liquid break that
2is less than 0.12 ft or any steam break : hat is less than

1.4 ft2 Succe.sful HPCI syatem operation will either result
in reflooding of the core or depressurization of the reactor
vessel, or both, depending upon the size of the break.

.

2. The system is initially aligned as shown in Figure B-8. This
shows that, to achieve successful injection to the reactor vessel,
the only valves required to change state are: the steam supply
valve (FCV-73-16); the turbine stop valve (FCV-73-18); the turbine
governor valve (FCV-73-19); and the pump discharge valve to the-

feeowater line (FCV-73-44).

3. Faults in the minimum-flow recirculation line downstream of the
orifice are not considered in this tree. The HPCI pump is
designed to maintain a constant discharge flow of 5000 gpm. Since
the minimum-flow bypass line taps off of the discharge line
upstream of the discharge flow sensor, any flow diversion chrough
the bypass line will be detected by the flow sensor, and the pump
output will be adjusted to maintain the 5000 gpm flow. The
orifice will tend to reduce flow diversion to a minimum. Ruptures
in the minimum-flow bypass line were not considered due to the
size of the piping (see Assumption 4) and the fact that the HPCI
system is a constant discharge flow system. It is further assumed
that failure of the minimum-flow bypass to open will not signifi-
cantly affect system operation unless a fault exists in the HPCI
pump discharge path to the reactor vessel. However, if a dis-
charge path fault causes a need for the minimum-flow bypass valve
to be open, then this flow blockage will cause the HPCI system to
be unavailable, by definition, regardless of the position of the
minimum-flow bypass valve.

4. Faults in pipes, valves, or system connections of a 2-inch diam-
eter or less are considered to have an insignificant effect on

system operation. One exception to this assumption is the lubri-
cating oil system. It is assumed that lube oil supply and cooling
faults could significantly affect system operation. Many system
components have a direct dependence on the proper operation of
these systems. Therefore, these faults are considered in the
fault model.

5. For LOCAs , it will be necessary to transfer the HPCI pump suction
path from the CST to the suppression pool. For transients, it

will not be necessary to shift the HPCI pump suction path."

6. Any faults in the turbine exhaust piping that cause turbine
exhaust pipina overpressure are assumed to actuate the turbine
exhaust line pressure switches. This action sends a signal to
the turbine control circuitry that will initiate a turbine trip.,

Turbine exhaust line rupture disk leakage will cause an isolation
signal to be generated in the control circuitry, which also causes

turbine trip.a
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7. Faults in the condensate drain systems were analyzed and found to
be insignificant relative to the dominant contributors to HPCI
system unavailability. Essentially, in order for drain system
faults to cause turbine damage, there must be either a flooded
steam supply line or steam line drain system faults that would
cause the condensate drain pots to fill. These faults must then ,

be combined with condensate drain pot level switch failure in
order for significant amounts of condensate to remain undetected
in the steam supply line.

8. Passive failure of normally open valves that do not have to change *

state were considered if the failure would disable the whole sys-
tem. There were eight such valves for this system, three CST

; suction valves (FCV-2-170, 1-2-705, and FCV-73-505), one suppres-
sion pool suction valve (HCV-73-25), two discharge valves
(FCV-73-34 and HCV-3-67), and two steam valves (FCV-73-2 and 3).

Basic Events. The information associated with the various basic events
listed in the fault tree is summarized in the HPCI fault summary short form,

"

| Table B-30. In additien, the failure data associated with these basic
~

events is rummarized in Table B-31. Tables B-32 and B-33 list the dominant
cut sets for HPCI unavailability.

|

i

.

1

I

I
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TABLE B-30. hPCI SYSTEM FAULT SUMMARY SHORT FORM

Primary Failure

Fault

Event Failure Failure Duration Error
Name Event Ccmponent Mode Rate (hr) Factor

MPP001UF Pipe break (anywhere) Leakage / IE-10/ hr/ 384 30
rupture section

FVK558AP Check Valve 3-558 Does not IE-4/D -- 3

open

MVK045UP Testable check Does not lE-4/D 3--

Valve FCV-73-45 open

T MVM044UT Discharge Valve FCV-73-44 Does not lE-3/D -- 3

C operate
w

MCK044UG FCV-73-44 control circuit No output 3.2E-3 -- 10

MPT010UR HPCI pump Does not 3E-3/D -- 3
start

MPT010US HPCI pump Does not 3E-5/hr 37 3
continue
to run

MVM016UT HPCI turbine steam supply Does not IE-3/D -- 3

Valve FCV-73-16 operate

|

MCK016UG FCV-73-16 control circuit No output 3.2E-3 -- 10

MV0018UT Turbine stop Valve FCV-73-18 Does not 3E-4/D -- 3

operate
i

I

t

. - _ _ _ _



TABLE B-30. (continued)

Primary Failure

Fault

Event Failure Failure Duration Error

Name Event Component Mode Rate (br) Factor

MVC019UT Turbine govern control Does not 3E-4/D -- 3

Valve FCV-73-19 operate

MIN 019U1 FCV-73-19 control circuit Does not IE-6/hr 367 10

instrument operate'

MVK603UP Turbine exhaust line check Does not IE-4/D -- 3

Valve 73-603 open

T MVS02JUP Turbine exhaust line stop Does not lE-4/D -- 3

aheck Valve HCV-73-23 open

MRD028UF Turbine exhaust line upstream Leakage / 5.73E-5/hr 372 3

rupture disk rupture

MS45ElAJ HPCI system automatic actua- Unavailable 7.7E-5 -- O

tion Test S1 4.5.E.1.a due to test or
maintenance

MS42B36J HPCI steam line high flow 2.8E-3 --

functional test and cali-
bration SI 4.2.B-36

MS42B42J Initiation and isolation 1.9E-3 --

logic functional
Test SI 4.2.B-42A

MS45El BJ HPCI pump operability 1.2E-4 --

Test SI 4.5.E.1.b

* *
e <
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TABLE B-30. (continued)

Primary Failure

Fault

Event Failure Failure Duration Error

Name Event Component Mode Rate (hr) Factor

MS45ElDJ HPCI system flow Unavailable 4.6E-4 -- 0

Test S1 4.5.E.1.d and e due to test or
maintenance

MM00181J Maintenance--check FCV-73-18 Unavailable 9.3E-4 -- 0

hydrocylinder seals for due to test or
leakage maintenance

3MVK505UP CST suction line check Does not IE-4/D --

T Valve 73-505 open
C

MS42B26J CST level functional Unavailable 2.8E-3 -- 0"

Test S1 4.2.B-26 due to test or
maintenance

,

MS42B27J Suppression pool high level Unavailable 4.2E-3 -- O

functional Test SI 4.2.B-27 due to test or
maintenance

MVK517UP Suppression pool suction Does not IE-4/D -- 3

check Valve 73-517 open

3MVM026UT Suppression pool suction Does not IE-3/D --
,

Valve FCV-73-26 operate

MCK026UG FCV-73-26 control circuit No output 3.2E-3 -- 10

MVM027UT Suppression pool suction Does not IE-3/D -- 3

Valve FCV-73-27 operate
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TABLE B-30. (continued)

Primary Failure

Fault
Event Failure Failure Duration Error
Name Event Component Mode Rate (b r) Factor

McK027UG FCV-73-27 control circuit No output 3.2E-3 -- 10

MRE025UV Relay 23A-K25 Does not IE-4/D -- 3
energize

MPSO94A1 Level Switch LS-23-94A Does not --

operate

MPSO94B1 1.e ve l Switch LS-23-94B Does not --

T operate

C
m MVM040U1 CST suction isolation Does not --

Valve FCV-73-40 operate

MCK040UG FCV-73-40 control circuit No output 3.2E-3 -- 10

MRE021UV Relay 23A-K21 Does not lE-4/D -- 3

energize

MRE022UV Relay 23A-K22 Does not IE-4/D --

energize

MLS02601 Valve open limit Switch LS-2 Does not 3E-4/D --

on FCV-73-26 operate

MLS027UT Valve open limit Switch LS-2 Does not 3E-4/D --

on FCV-73-27 operate

t *
s .
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TABLE B-30. (continued)

Primary Failure

Fault

Event Failure Failure Duration Error
Name Event Component Mode Rate (br) Factor

3MPSO47AT Oil pressure Switch PS-73-47A Does not IE-4/D --

operate

MRE024XV Relay 23A-K24X Does not --

energize

MRE024UV Relay 23A-K24 Does not --

energize

y MRE002UV Relay 23A-K2 Does not --

C energize
e

MVC043UT Lube oil cooler inlet Does not 3E-4/D --

pressure control operate
Valve PCV-73-43

MOR035UE Lube oil cooler return line Plugged 3E-4/D --

orifice

MPM032UR Auxiliary oil pump Does not IE-3/D --

start

MCK032UG Auxiliary control circuit No output 2.2E-3 -- 10

MRE004UV Relay 23A-K4 Does not lE-4/D 3--

energize

MRE001UV Relay 23A-K1 Does not IE-4/D -- 3
energize



__ . _ . . _ . . _ _ . - _ _ . _ _ _ _ _ _ _ _ _ . - _ _ _ _ .____ ___ _ __ _ . _ . . . . . _ _ _ _ __ . _ - . _ . .- _ _ _ _ _ _ _ _ _ _ . . _ . ____ _

i

I TABLE B-30. (continued)

Primary Failure

? Fault
'

Event Failure Failure Duration Error

Name Event Component Mode Rate (hr) Factor

MRE003UV Relay 23A-K3 Does not IE-4/D -- 3 >

1
energize

i
'

MRErg41UV Relay 23A-K41 --

MRE007UV Relay 23A-K7 --

I MRE005UV Relay 23A-K5 --

g

T MRE040UV Relay 23A-K40 ' --
,

"c~
OPS 079AT Level indicating transmitter Does not --

Switch 3, LITS-2-3-79A operate

GPS 079BT Level indicating transmitter --

Switch 3, LITS-2-3-79B

OPS 072BI Level indicating Switch 3, --

LIS-2-3-72B

OPS 072AT Level indicating Switch 3, --

LIS-2-3-72A |

O042B19AJ Reactor low water level 79A Unavailable 1.4E-3 --

functional Test SI 4.2.B-1 due to test or
maintenance

O l042B19BJ Reactor low water level 79B Unavailable 1.4E-3 --

functional Test S1 4.2.B-1 due to test or
maintenance

' *
3 e
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TABLE B-30. (continued)

Primary Failure

Fault

Event Failure Failure Duration Error

Name Event Component Mode Rate (br) Factor

042B12BJ Reactor low water Level 72B Unavailable 1.4E-3 -- O

functional Test SI 4.2.B-1 due to test or
maintenance

042B12AJ Reactor low water Level 72A Unavailable 1.4E-3 -- 0w
1 functional Test SI 4.2.B-1 due to test or

C. maintenance

MPASSIVE Passive valve faults Does not 7E-4/D (Tran- 3

remain open sients)
8E-4/D (LOCAs) 3

OPSLLVLX Core spray reactor low level Operator 2.4E-6/D -- 10

switches miscalibration

!
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II TABLE B-31. HPCI SYSTEM FAILURE DATA SUMMARY

** ** '"
Failure a

'' ava tab W ty
g'P* * '", Failure

.

Component / Activity Mode
R) D R Probability (A) Remarks

,

1 (Code) (Code) D
' t

Auxiliary oil pump control No out Nt (C) 360 hr 7 hr 367 hr 5.4E-6/hr 2.2E-3 Tp--based on dPCI pump opera-
btlity check, once every monthcircuit (CK) +

2E-4/D Tg--hiASH-1400. Table 111 5-2
A * 2E-4 + 5.4E-67

Motor-operated valve No output (C) 360 hr 7 hr 367 hr 7.7E-6/hr 3.2E-3 A = 4.1E-4 + 7.7E-67
g

Tg--WASu-1400, Table 111 5-2a control circuit (CK) +

4.1E-4/D TD = half test interval; based
y

on pump operability test and
stroke time test, once every*

month

T --based on pump operabilityGovernor instrumentation Does not 360 hr 7 hr 367 hr IE-6/hr 3.7E-4 D
(transmitter, amplifier, operate (T) check, once every month
output devices) (1N) Tg--WASH-1400, Table III 5-2

Limit switch (LS) Does not -- -- -- 3E-4/D 3E-4 -
, ,
i e operate (T)
'l

b Orifice (OR) Plugged (E) -- -- -- 3 E-10/D 3E-10 --

Auxiliary oil pump (PM) Does not start -- -- -- IE-3/D 1E-3 --

(R)

Pipe (PP) Leakage / 360 hr 24 hr 384 hr 1E-10/hr 3.8E-8 Tg = 24 hr, assumed time to
rupture (F) cold shutdown

T -based on pump operabilityD
test, once every month

Process switch (PS) Does not -- -- -- 1E-4/D 1E-4 --

operate (T)

HPCI pump (PT) Does not start -- -- -- IE-3 IE-3 --

(R)

HPCI pump (PT) Does not run 0 hr 37 hr 8 hr 3E-5/hr 2.4 E-4 Tg--W4SM-1400. Table !!! 5-2,

(S)i

!
Rupture disk (RD) Leakage / 360 hr 12 hr 372 hr 5.7E-5/hr 2E-2 Tp -based on NPCI pump opera-

'

rupture (F) bility check, once every month
| Tg plant-opecific data

1-based on plant-specific+

i data

Relay (RE) Does not -- -- -- IE-4/D 1E-4 -

energize (V)

I

|
. a , e

;
.-
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TABLE b-31. (continued)
:

Time to Time to PaultFa nure
, , Detect Repair Duration Time" Unavailability

Component / Activity Mode Pailure
(code) (Code) U (T *TD+T) Probability (A) RemarksD R R

control valve (VC) Does not -- - -- 3E-4/D 3E-4 Considered to be air-fluid
operate (T) opera ted

Check valve (VK) Does not open -- -- -- IE-4/D IE-4 --
a

(P)'

Motor-operated valve (VM) Does not -- -- -- IE-3/D 1E-3 --

operate (T)

Hydraulic operated valve Does not -- -- -- 3E-4/D 3E-4 Conmidered to be air-fluid
(VO) operate (T) operated

,i

\

Stop check valve (VS) Does not open -- -- -- IE-4/D 1E-4 Used same unavailability as that
I (P) for check valve (VK)

CST level functional test Unavailable -- -- -- - 2.8E-3 Performed once every month;
(MS42 B26J ) due to test or duration. 2 hrg

e maintenance
* (J)
5~

i w
Suppression pool high Unavailable -- -- -- -- 4.2E-3 Performed once every month;
level function test due to test or duration. 3 hr'

(MS42B27J ) maintenance

| (J)
i
; Steam line high flow Unavailable -- -- -- -- 2.8E-3 Performed once every month;
| functional test (MS42B36J) due to test or duration 2 hr
! maintenance
1 (J)
I

{ initiation and isolation Unavailable -- -- -- -- 1.9E-3 Performed once every 6 months;
' logic functional test due to test or duration. 8 hr
| (MS42B42J) maintenance
{ (J)
i

i HPCI automatic actuation Unavailable -- -- -- -- 7.7E-5 Performed once every operating
' test (MS45EIAJ) due to test or cycle; duration. I hr

j maintenance
- (J)

! HPCI pump operability Unavailable -- -- -- -- 1.2E-4 Performed once every month;
(MS45ElBJ) due to test or duration. 5 min

maintenance
(J)

_ __
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TABLE b-31. (continued)

Time to Time to Fault

Detect Repair Duration Time' Unavailability* "#'

Component / Activity Mode Fa ilure
*

(Code) (Code) D R D R Probability (A) Remarks

System flow test ( MW,5 E 1 DJ ) Unavailable -- -- 3*- -- 4.6E-4 Performed once every 3 months 1
due to test or duration, I hr

maintenance
(J)

FCV-73-18 maintenance Unavailable -- -- -- -- 9.3E-4 Performed once every 3 months;
duration, 2 hr(MH00181J ) due to test or

maintenance
(J)

Core spray system process Unavailable -- -- -- -- 1.4 E-3 See core spray system
,
i s w i tche s ( 042 B---J ) due to test or documentation
- maintenance
D (J)g~

Core spray low level Operator -- -- -- -- 2.4E-6 --

switches (OPSLLVLX) miscalibration
(X)

Passive valve f aults Does not -- -- -- IE-4/D 8E-4 Eight valves for LOCAs, seven

(MPASSIVE) remain opec 7E-4 valves for transients; suppres-
sion pool suction valve
(HCV-73-25) not required

a. If TD " 0* then T = Tg if the mission time (8 hr) >T . If To = 0, then T = mission time (8 hr) if mission time iTg.R

1 *
0 *
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TABLE B-32. HPCI SYSTEM CUT SETS
(Transients),

'

Importance Potentially
Unavailability (%) Cut Sets Recoverable

e

2.0E-2 45.2 MRD028UF No
3.2E-3 7.2 MCK016UF No

'3.2E-3 7.2 MCK044UG No
3.0E-3 - 6.8 MPT010UR No. _

2.8E-3 6.3 MS42B36J No

2.2E-3 5.0 MCK032UG No
1.9E-3 4 .23 MS42B42J No
1.0E-3 2.3' MVM016UT No
1.0E-3 2.3 MPM032UR No

! 1.0E-3 2.3 MVM044UT No
,_

Cumulative 88.9 -

importance'

TABLE B-33. HPCI SYSTEM CUT SETS
(LOCAs)

Importance Potentially
Unavailability (%) Cut Sets Recoverable

2.0E-2 30.6 MRD028UF No
4.2E-3 6.5 MS42B27J No

j 3.2E-3 4.9 McK016UG No
3.2E-3 4.9 MCK044UG No

|
- 3.2E-3 4.9 MCK040UG No
' 3.2E-3 4.9 MCK027UG No

3.2E-3 4.9 McK026UG No

3.0E-3 4.6 MPT010UR No

2.8E-3 4.3 MS42B36J No

2.8E-3 4.3 MS42B26J No

2.2E-3 3.4 McK032UG No

1.9E-3 2.9 MS42B42J No
*

1

1.0E-3 1.5 MVM016UT No

1.0E-3 1.5 MPM032UR No

1.0E-3 1.5 MVM026UT No

1.0E-3 1.5 MVM027UT No
'

1.0E-3 1.5 MVM044UT No

1.0E-3 1.5 MVM040UT No

Cumulative 90.3
importance
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# " 'm2.4 Automatic Depressurization Syste_m a -

s
r

' "2.4.1 Purpose l','.' 7 - A ,

/$ \FThe ADS is provided to reduce reactor pressure whenever the high} pres-
,

'

sure makeup systems are unable to maintain reactor water level. ItUs.alloQs "\, ,%'
''the core spray system and the LPCI system to function in order to maintain .

1 water level. The ADS will be used in a small break LOCA or a transients
}situation if HPCI and RCIC systems fail. The depressurization is ac'com- .

.

plished automatically by the opening of four of six safety relief valves o'n,g,I+ s
'

the main steam lines to vent steam to the suppression pooll , j *'

a ., i., .
.

,

2.4.2 System Configuration *

i

Overall Configuration. ADS utilizes 6 of the 13 relief valves. Each , (
valve is a Target Rock two-stage safety valve. .Each valve is individually N
piped to the suppression pool. A vaccum breaker to the' drywell equalizes g*

water level between the discharge pipe and the suppression pool.whsn the ^g 'K'

valve is closed. Each line also has a temperature detu tor.

Each valve relieves approximately 800,000 lb/hr at 1000 psi. ADS .U \
?activation of a relief valve involves energizing a solenoid, which allows * e

compressed air from the drywell control air system to pressurize a,pneumatid f.,d d i

*

actuator that opens the relief valve. The valve will remain open until - a - , -
closed by the operator. All ADS valves are equipped with 'an a:cuinu'tator op 5 - h s

the air line. A check valve is upstream of the accumulator. Drywellcon-([ ] $,
3

t trol air is isolated by a high drywell pressure signal. The accumulater/ % - i.* .

' s '+ .I,check valve provision is to ensure adequate pneumatic pressure for
activation. A simplified diagram of ADS is shown in Figure E-12. . .IJ '

,

. : s ,

! .
'

,

Depressurization will occur if three conditions exist. These u e: .
,

s,,,

''~'''
1. Reactor water level at Level 1 (-143 inches). i - w s

3.-5?- i,,-,

'
'

2. High drywell pressure (+2 psig). , ,
a

,

'

3. Suf ficient LPCI or core spray pumps are operating to ensure t$at - '

makeup water is available af ter depressurization. +
,

All relief valves are able to be manually activated from the control . , ,
*

This serves as a backup to ADS should depressurization'be required ~(room., ,

I and the activation logic fails. Manual activation of the tellef valves ,'
will be required for transients since the high drywell pressure signsl' will .

. ' ** ' ' ' inot be present.

System Interfaces. The major interfeces for the ADS are with ce>ntrol ,Ilogic circuits), motive power ( for che s' le-power ( for the sensors and o .

noids), and drywell control air (for the valve actuators). The interfaces V ' ,

' '

are listed in Table B-34. This table also lists the interfacea for the
'

other seven main steam relief valves. '

\

Instrumentation Control. The ADS receives signals from drywell pres-
sure, reactor vessel water level, RHR pump discharge pressure, and core
spray pump discharge pressure. The ADS valves are controlled in two groups:

.

4

% BN
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-PEV-1-5, PSV-1-30, and (SV-1-34 are controlled by Relays 2E-K7, 2E-K9,-

2E-K18, and 2E-K20; 13V-l'-19, PSV-1-22, and PSV-1-31 are controlled by'
, , . ,

Relays 2E-K6, 2E-K9, :tE'-K17, and 2E-K20. All of these relays are energized
' '

,

.\ . by the 250 V RMOV (reactor motor operated valve) Board 1B.
!,

The following signals must be present for-ADS to be activated.*-

*7 -
1 4

-

''

1. ! Coincident signals of low reactor water level (-143 inches) and
I.

.-

;; high drywell pressure must be present. High drywell signal is
'

sealed in, but low water level must exist for 120 sec.'s
,

. . .

Confirmatory low' water level signal (+10 inches).6 2.j |-
1

7 3. Appropriate permissives to indicate the RHR pumps or core spray
,

j Jg pumps are operating. At least one RHR pump or two core spray
m -. pumps must be operating. This ensures availability of water af ter

, s. depressurization. Signals are derived from pressure switches in
the pump discharge: 100 psi for RHR and 185 psi for core spray.j *

,

n; %

4. When all signals are present, a 120 see timer is activated. When,, ,

the timer runs out, ADS actuates. The valves remain open untilt w
,

'

reactor pressure is 50 psig. With the exception of high drywell,
' '

,

all signals must be present for 120 see or else the timer is
'

reset.

\ s

. The ADS initiation logic is shown in Figure B-13.
(

'

Testing. No periodic testing of the relief valves is performed during
reactor operation. The actuation logic is tested once every 6 months per
S1'4.2.B-44. The valves are tested once every operating cycle, just before
restart.

Maintenance. No scheduled maintenance of the ADS is performed during
reactor operation. Unscheduled maintenance can be performed on the actua-
tion logic during operation. Maintenance of the valves requires shutdown
and depressurization of the reactor.

| Technical Specification Limitations. Technical specifications allow
,

'

reactor operation for 30 days with only four ADS valves operable. If three
valves are known to be ir. operable, the reactor must be shut down in
72 hours.

| '. 2.4.3 Operation
.

! Operation of the system was described in the previous section,
"Overall Configuration."

-

2.4.4 Fault Tree Description
,

L

| The ADS function appears as Event E in the LOCA event trees in
Appendix A.

Success / Failure Criteria. Success requires at least four of six valves
to open for automatic depressurization. Opening of any four of the thir-

,

| _
teen saf ety relief valves constitutes successful manual depressurization.

|

,
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Figure B-12. Automatic depressurization system (ADS).
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TABLE b-34. ADS FMEA OF COMPONENT / SUPPORTING-SYSTEM INTERACTIONS

Failure Mode of
Component Supporting System Interface Support System Local Effects on Front-Line System Remarks

PCV-1-41 Drywell cor. trol air No accumulator Air pressure low Valve will not actuate except on --

high steam pressure

Condensation in air Unknown --

line

PSV-1-41 250 V RMOV-1A Terminal 11Cl No power to board Valve will not actuate except on --

high steam pressure

PCV-1-180 Drywell control air No accumulator Air pressure low Same as PCV-1-41 --

(manual valve)
Condensation in air Unknown --

line

PSV-1-180 250 V RMOV-lc Terminal 1051 No power to board Valve will not actuate except on --

high steam pressure

PCV-1-47 Drywell control air No accumulator Air pressure low Same as PCV-1-41 --

tf Condensation in air Unknown --

lines

Z~
'O PSV-1-42 250 V RMOV-1B Terminal 8B2 No power to board Valve will not actuate except on --

high steam pressure

PCV-1-30 Drywell control air Accumulator Air pressure low Same as PCV-1-41 --

(ADS valve) downstream of '

CV-1-32-892 Condensation in air Unknown --

line

PSV-1-30 250 V RMOV-1A Terminal 9B1 No power to board Velve will not actuate except on --

(normal source) high steam pressure

250 V RMOV-lC Terminal 7A -- -- --
,

(alternate source) ,

PCV-1-31 Drywell control air Accumulator Air pressure low Same as PCV-1-41 --

(ADS valve) downstream of
CV-1-32-915 Condensation in air Unknown --

line

PSV-1-31 250 V RMOV-1B Terminal IC2 No power to board Valve will not actuate except on --

high steam pressure

PCV-1-34 Drywell control air Accumulator Air pressere low Same as PCV-1-41 --

( ADS valve) downstream of
CV-1-32-919 Condensation in air Unknown --

line

--

_ _ _ _ _ . ._
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TAhLE B-34. (continued)

Failure Mede of
Corponent Supporting Systee Interface Support System Local Effects on Front-Line System Bemerks

PSV-1-3, 250 V RMOV-lC Terminal 10A No power to board Valve will net actuate except on --

high stear pressure

FCV-1-18 Drywell cont rol air -- Air pressure low Same as PCV-1-41 --

Condensation in air Unknown --

line

PSV-1-18 250 V RMOV-1B Te rminal 8Cl No power to board Valve will not actuate except on --

hi h steam pressureF

FCV-1-19 Drywell control air -- Air pressure low Same as PCV-1-41 --

( ADS valve)
Cendensation in air U1known --

line

PSV-1-19 250 V RMOV-1B Terminal 182 Ne power te board Valve will rot actuate except on --

high steam pressure
tX

t FCV-1-22 Drywell control air Accumulator Air pressure low Same as PCV-1-41 --

(ADS valve) downstream of-"

[[ CV-1-32-872 Condensation in air Unknown --

lane

PSV-1 22 250 V RMOV-1A Te reinal 11C2 No power to board Valve will not actuate except on --

(normal source) high steam pressure

250 V RMOV-1B Terminal ICI -- -- --

(alternate source)

PLV-1-23 Drywell cortrol air No accumulator Air pressure low Same as PCV-1-41 --

Condensation in air Unknown --

line

PSV-1-23 250 V RMOV-lC Te rminal 1B1 No power to board Valve will not actuate except on --

high steam pressure

PCV-1-4 Drywell control air No accumulator Air pressure low Same as PCV-1-41 --

Condensation in air Unknown --

line

FSV-1-4 250 V RMOV-1A Terminal llB2 No power to board Valve will not actuate except on --

high steam pressure

v *
4 e
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TABLE B-34. (continued)

Failure Mode of
C omponen t Supporting System Interface Support System Local Effects on Front-Line System Remarks

PCV-1-179 Drywell control air No accumulator Air pressure low Same a s PCV-1-41 --

(manual valve)
Condensation in air Unknown --

line

PSV-1-179 250 V RMOV-1B Terminal 8C2 No power to board Valve will not actuate except on --

high steam pressure

PCV-1-5 Drywell control air Accumulator Air pressure low Same as PCV-1-41 --

(ADS valve) downstream of
CV-1-32-869 Condensation in air Unknown --

lineee
1

[" PSV-1-5 250 V RMOV-lC Terminal 7A No power to board Valve will actuate except on --

n
high steam pressurer.

Auto-blowdown logic, 250 V RMOV-1A Terminal 9Al No power to board Division II logic inoperable --

Division II

Auto-blowdown logic, 250 V RMOV-1B Terminal IFl No power to board Division I, Bus A logic --

Bus A, Division 1 inoperable

Auto-blowdown logic, 250 V RMOV-1B Terminal 8F2 No power to board Division I Bus B logic --

Bus B, Division 1 inoperable

.
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i Figure B-13. ADS initiation circuitry.
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4 PS-101008

- 250 AMOV-1B W 2E-K22
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4 PS-10-100D INEL 21489

Figure B-13. (continued).



Major Assumptions. The following major assumptions were used for
construction of the ADS fault tree:

1. Manual backup was not addressed in the initial analysis. Manual
depressurization is dominated by operator error and is discussed
further in Section 4. This action is depicted as Event V in the
transient systemic event trees (see Appendix A). *

2. Failure of the drywell control air system was not addressed on
the fault tree. Each ADS valve is equipped with an accumulator-
that is rated for five cycles.

,

3. Failures of the initiation logic were only taken to the level of
the relay; that is, the contacts were assumed to be operable if
the relay was operable. All contacts of a given relay were
assumed to have the same operability status; i.e., if a relay
worked prope all the contacts worked properly.,

4 Control switches and transfer switches were assumed to be in the
correct position prior to ADS demand. Mispositior. of these
switches is indicated in the control room.

i

5. The vacuum relief valves that connect the ADS discharge piping to
j the drywell atmosphere were not considered important to the fail-

ure modes of ADS and, consequently, were eliminated from the<

fault tree analysis.

6. Failure of the 250 V RMOV Board 1A is inconsequential because
both valves automatically switch to other RMOV boards.

;

7. Failure of 250 V RMOV Board IB will fail ADS because it disables
the control logic.

,

;

| 8. The switch to the alternate source of power for Valves PCV-1-30
and 22 is automatic. A single relay is provided to switch power

1

! from the normal RMOV to the alternate RMOV, identified as follows:

Valve Relay Normal Power Alternate Power

i

! PSV-1-30 2E-K33 RMOV A RMOV C
i PSV-1-22 2E-K32 RMOV A RMOV B

i These relays are energized by RMOV A. In the deenergized posi-
| tion, the telay closes the contacts to the alternate power source. ,

| To interrupt power f rom both sources, a f ailure mode would have

to be postulated where the relay fails in neither the closed nor
open position. This failure mode of the relay was not addressed.

| All failures of the RMOV boards were properly addressed.
' .

9. Errors of commission on the part of the operator to mistakenly
;

reset the Agastat timer were ignored. This is consistent with
the general assumption that when there is no procedure calling

| for operator action, no action is taken,

i

B-154;
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10. Two faults were postulated for each relay: failure of the relay
itself and failure to receive a signal.

11. Level switches and pressure switches associated with this system
are mechanically activated and, as such, require.no power sources.

*
Fault Tree. A reduced fault tree of the ADS is shown in Figure B-14.

The ADS fault tree has been reduced to segregate valve failures, power
failures, and initiation logic failures. The fault tree for the initiation
logic is not in reduced form.

.

The following describes the derivation of the failure rate for relief
valve fail to open (VREXXUNO). Event VREXXUNO is composed of random valve
faults that are independent of other plant events. By doing this, the com-
binatorial OR gate can be quantified and input into the tree as a basic
event.

Two possible common mode failures were identified but were not pursued
because representative data is not available. The first was any common mode
failure problems with the check valves in the air lines, and the second was
multiple ADS valve failure due to secondary damage from equipment rupture.

Failure of each ADS valve can occur for three reasons: (a) faults in
the accumulator line, (b) faults in the solenoid, and (c) faults in the
valve itself. These are further elaborated:

Reason 1--A11 ADS valves are equipped with an accumulator on the
air line. A check valve is upstream of the accumulator. Drywell control
air is isolated on high drywell pressure. The accumulator / check valve pro-
vision is to ensure adequate pneumatic pressure for activation. This can
be defeated in two ways; rupture downstream of the check valve or failure
of the check valve. Should the check valve fail open or leak, it was
assumed there will be sufficient leakage into the drywell control air sys-
tem to prevent actuation. Failure of the check valve could only be detected
during isolation of the drywell control air system. No surveillance pro-
cedure, performed during operation, for the check valves was identified.

Reasons 2 and 3--Faults in the solenoid and the valve itself were
combined into a single f ailure probability, which was compatible with the
IREP failure data.

Failure rates were assigned as follows:

*
Accumulator Rupture

|

A=c (based on a failure rate of 10' /hr)
!

' Check Valve Leak

i -71 8760
. q=At =3x 10 -x hr
1 hr 2
i

q = 1.3 x 10~
|

B-155
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Solenoid and Valve Fail

8 x 10~ (This value does not include command f aults)per demand

~

Total = 9.3 x 10
a

VREXXUNO = 9.3 x 10' .

Basic Events. The information associated with the various basic events
listed in the fault tree is summarized in the ADS fault summary short form, *

Table b-33. The failure associated with these basic events is summarized
on Table B-36. Table B-37 lists the dominant cut sets for ADS
unavailability.

I

1

o
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Part 1
Failure

of
ADS

<|[
1op

1.61 x 10- 5

] ADSCOMP1 I l l
Multiple Mechanical Failure of Failure

valve electrical initiation of electric
failures doubles signal power

O
3/6 ADS 01 ESO ADS 02 ADS 03

i 9T "* " 2
i

VRE30UNO
[ [ 3.72 x ty 2 | |VRE22UNO

to VRF31UNO Failure of Single Failure of1 VRE19UNO Double250 V DC valve ADSCOMP2 250 V DCu VRE34UNO faults" RMOVIC failures RMOV1B
VRE05UNO

O
I ADS 06 \

DR1C TAB OR DR18\
EPS, VRE30UNO EPS,

Figure B-31, VRE22UNO | t Fioure B-31
,

Part 31 VRE31UNO Part 30
VRE19UNO Failure of Failure of

250 V DC 250 V DC
RMOV1C RMOV1A

DRIC DRI A

EPS, EPS, INEL 21490
Figure B-31, Figure B-31

Part 31 Part 29

Figure B-14. ADS reduced fault tree.
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-

insationj j

t .

I I I I

Failure signal Failure Failure of signal Operator
to solenoids miscalibrationto solenoids 250 V RMOV

PSV-1 19PSV 1-5 Board IB sensors
PSV 1-30 PSV 1-22
PSV 1-34 PSV-1-31

: o o
Dn1B TAB OR

>

EPS. OPSLLVLX

|
Figure B-31, | SpSDWHPX

to Part 30

$ Failure of Failure of Failure of Failure of
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J -, -s-s

I I I I I I I I
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BK7 BK9 B18 B20 BKti BK9 B17 B20
,

Part 3 Part 4 Part 5 Part 5 Part 3 Part 4 Part 5 Part 5
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B42B44AJ B42844BJ B42B44AJ B42B44BJ

INEL 21491

Figure B-14. (continued),
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Pad 3,

Failure of Failure of
relay E46 relay 2E-K7 -

BKBK6\ to energize to energize

i

I i

Fadure Fadure to p, ,,

relay input signal relay

BRE006AV BRE007AV

I I
TAB OR Failure to

BRE034AV receive
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| | | | INEL 21492
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Figure B-14. (continued).
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Figure B-14. ( c on t i11ued ) .
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TABLE B-35. ADS FAl?LT Sl'MMARY SliORT FORM

Primary Failure

Fault
Event Failure Failure Duration Error
Name Event C orrp one n t Mode Rate (br) Factor

ERE007AV Relay 2E-K7 Does not IE-4/D -- 3

energize

bHE009AV Relay 2E-K9 --

BRE020BV Relay 2E-K20 --

BREOlEAV Relay 2E-Kl8 --

y BRE006AV Relay 2E-K6 --

5
to BRE017AV Relay 2E-K17 --

BRE034AV Relay 2E-K34 --

BREOO2AV Relay 2E-K2 --

BRE026AV Relay 2E-K28 -

BRE029AV Relay 2E-K29 --

BRE004AV Relay 2E-K4 --

BRE035BV Relay 2E-K35 -

BREO13BV Relay 2E-K13 --

BRE025BV Relay 2E-K25 --

4 ' s e
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TABLE B-35. (continued)

Frimary Failure

Fault
Event Failure Failure Duration Error
Name Event Component Mode Rate (hr) Factor

BRE024BV Relay 2E-K24 Poes not lE-4/D -- 3

energize

BRE015BV Relay 2E-K15 --

BRE014BV Relay 2E-K14 --

BRE023UV Relay 2E-K23 --

BRE026BV Relay 2E-K26 --

a

BRE031BV Relay 2E-K31 --

bRE003AV Relay 2E-K3 --

BRE030AV Relay 2E-K30 --

BRE027AV Relay 2E-K27 --

RRE102AV Relay 10A-K102A -

RRE102BV Relay 10A-K102B --

ORE 027AV Relay 14A-K27A --

ORE 027BV Relay 14A-K27B --

RRE103AV Relay 10A-K103A ' --



I

3AblE E-35. (continued)

Primary Failure

Fault

Event Failure Failure Duration Error

N .1 r e Event Component Mode Rate (hr) Factor

3RFL103BV Relay 10A-K103B Does not lE-4/D --

enetgize

ORE 02bAV Relay 14A-K2bA Does not --

energize

ORE 028BV Relay 14A-K28B Does not --

energize

BPS 100AW Pressure Switch 10-100A Loss of --

functionm
.L

S2 OPS 072AW Level Switch 2-3-72A --

EPS083AW Level Switch 2-3-83A --

BPS 100BW Pressure Switch 10-100B -

OPS 072BW Level Switch 2-3-72B --

BPS 083BW Level Switch 2-3-83B --

BPSIOODW Pressure Switch 10-100D --

0FS079BW Level Switch 2-3-79B
--

EPS100CW Pressure Switch 10-100C --

OP5079AW Level Switch 2-3-79A --

OPSO44AW Pressure Switch 14A-44A --

g * * *
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TABLE B-35. (continued)

Primary Failure

Fault

Event Failure Failure Duration Error

Name Event Component Mode Rate (br) Factor

OPSO44BW Pressure Switch 14A-44B Loss of IE-4/D -- 3

function

OPSO44CW Pressure Switch 14A-44C --

OPSO44DW Pressure Switch 14A-44D --

RPS120AW Pressure Switch 10-120A --

T RPS120CW Pressure Switch 10-120C --

E
RPS120BW Pressure Switch 10-120B --"'

RPS120DW Pressure Switch 10-120D --

RPS123AW Pressure Switch 10-123A --

RPS123BW Pressure Switch 10-123B --

RPS123CW Pressure Switch 10-123C --

042B02AJ Level Switch LIS-3-184 Test 2.8E-3 -- 0

042B12AJ Level Switch LIS-3-58A 1.4E-3 --

B42B06AJ Pressure Switch PS-64-57A 7E-4 -

B42B06BJ Pressure Switch PS-64-57B 7E-4 --

_ - _ - -
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lABLE P-35. (continued)

Primary Failure

Fault
Event Failure Failure Duration Error
Name Event Component Mode Rate (hr) Factor

042B12BJ Level Switch LIS-3-58C Loss of 1.4E-3 -- O

function

042bO2BJ Level Switch LIS-3-185 2.8E-3 --

B42B44AJ Pressure Switch Pump A and C 9E-4 --

discharge

h42E44BJ Pressure Switch Pump B and D 9E-4 --

y discharge

5
7 b42b06DJ Pressure Switch PS-64-57D 7E-4 --

042B19AJ Level Switch LIS-3-58D 1.4E-3 --

b42B06CJ Pressure Switch PS-64-57C 7E-4 --

042B19BJ Level Switch LIS-3-58B Test 1.4E-3 --

042B211J Pressure Switch Pump A and C 9E-4 --

discharge

042E212J Pressure Switch Pump B and D 9E-4 --

discharge

h42h20AJ Pr. ,sure Switen PS-74-8 A 1.4E-3 --

and B

R42B20CJ Pressure Switch PS-74-31 A 1.4E-3 --

and B

*g g a
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TABLE B-35. (continued)

Primary Failure

Fault
Event Failure Failure Duration Error
Name Event Component Mode Rate (hr) Factor

R42B20BJ Pressure Switch PS-74-19 A Test 1.4E-3 -- O
and B

y R42B20DJ Pressure Switch PS-74-42 A Test 1.4E-3 -- 0
g and B
w

OPSLLVLX Core spray reactor low level Operator 2.4E-6/D -- 10
switches miscalibra-

tion

BPSDKilPX ADS drywell high pressure Operator 2.9E-4/D -- 10
switches miscalibra-

tion
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TABLE B-36. ADS FAILURE DATA SUMMARY

l.

Component / Failure Failure;
. Unavailability

! Activity Mode Probability _

| (Code) (Code) (A) (A) Remarks
|

! Relief valve Does not open -- 9.3E-3 See ADS, Section 2.4.4, " Fault Tree"
; (VREXXUNO) discussion
|

j Relay (RE) Does not 1E-4/D 1E-4 --

energize (V)?

!

| Pressure or level Loss of IE-4/D 1E-4 --

switch (PS) function (W)

; Core spray level Maintenance -- 2.8E-3 --

4 switches 1.4E-3
| (042B12 J) 1.4E-3
! (042B19 J)

-

. m
-

) 8

y ADS pressure Maintenance -- 7E-4 --

switch (B42B06_J )

RHR pressure Maintenance -- 1.4 E-3 RHR pump discharge
( R42 B20_J )

; Core spray pump Calibration -- 9E-4 See core spray, Table B-39
| discharge pres-
'

sure switch

(042B21_J )

ADS logic bus Test -- 9E-4 See ADS, Section 2.4.2, " Testing"
test ( B42 B44_J ) discussion

; Core spray low Operator -- 2 .4 E-6 See Section 4
| 1evel switches miscalibrates

,
(OPSLLVLX)

:|
j ADS drywell Operator -- 2.9E-4 Similar to core spray drywell switch

| pressure switches miscalibrates model in Section 4
(BPSDWHPX)*

<

l
*

j g = =

I
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TABLE B-37. ADS CUT SETS

Importance Potentially
Unavailability (%) Cut Sets Recoverable

.
2.9E-4 89.7 BPSDWHPX No

1.6E-5 4.9 ADSCOMP1 No

Cumulative 94.6,

importance

2.5 Safety Relief Valves

2.5.1 Purpose

The reactor and the steam system are protected from overpressure by
13 relief valves. The 13 valves are distributed among the four main steam
lines, located upstream of the main steam isolation valves. Each valve is
individually piped to release to the suppression pool. The safety valves
are designed to maintain at all times primary system pressure below the
emergency stress limit of 1350 psig.

This section describes the overpressure relief function of the valves.
Automatic depressurization is discussed in Section 2.4. Manual depressuri-
zation is discussed in Section 2.6.

2.5.2 System Configuration

j Overall Configuration. BF1 has 13 identical Target Rock two-stage
safety relief valves. When operating in the overpressure relief mode, the
valves are pilot-operated by the self-contained pilot valve. The valves
are set as follows: five valves at 1105 psig, four valves at 1115 psig,
and four valves at 1125 psig.

At their rated setpoints, the 13 valves provide a total relief capacity
of 74% of rated steam flow.

System Interface. The valves are entirely self-actuated in the over-
pressure relief mode. Interfaces for these valves are shown in Table B-34.

.

Instrumentation and Control. The valves are self-actuated and have no
; control system. There is no instrumentation essential to their operation.

Testing. Valves cannot be tested during plant operation. Valves are, ,
i tested for setpoint accuracy at each refueling outage.

;

j Maintenance. Valves cannot be maintained during plant operation.

l

B-169
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Technical Specification Limitations. Technical specifications require
that the plant be shut down and depressurized within 24 hours if just one
safety relief valve is known to be inoperable in the overpressure relief
mode.

2.5.3 operation
.

Operation is totally automatic in the overpressure relief mode. Valves
will open at their setpoint and remain open until pressure is 100 psi below
the setpoint.

r
2.5.4 Fault Tree

The relief valves appear in two events on the event trees (see
Appendix A): Events J and K.

Success / Failure Criteria. The success criteria for the valves are
derived from Appendix U of the FSAR and are:

Event J

With turbine bypass available:

Direct Scram No valves needed
Flux scram No valves needed
Pressire scram No valves needed

With turbine bypass unavailable:

'
Direct Sc ram 2 of 13 valves
Flux scram 7 of 13 valves
Pressure scram 10 of 13 valves

Event K

All valves that open must close. Due to the proximity of the
valve setpoints, it was assumed that, if the pressure reaches the
setpoint of any value, all valves will open, although fewer than
13 valves are required to limit the pressure to less than
1350 psig. Therefore, all 13 valves must reclose for all tran-
sients in which the pressure reaches the relief valve setpoint.
In addition, for transients where the PCS is unavailable, some
relief valves may reopen after the first pressure surge has been
relieved. It is estimated, based on the transient analysis of .

the main steam isolation valve closure in Chapter 14 of the FSAR,
that pressure relief from six more valve openings may occur (in
stages of three then two then one). Therefore, the total number
of valve reclosures for this event when the PCS is unavailable is

C19.

Major Assumptions. The following major assumptions were used in the
analysis of the relief valves.

B-170

|
|



. . _ _ _ - - . .-

!

1. Operation of the safety valves is entirely automatic in the over-
pressure relief mode. No time is available for operator action.

2. When PCS is available, the valves have an initial demand at the
time of scram. If heat can be removed by the PCS and, conse-
quently, pressure can be controlled, there are no subsequent*

demands on the relief valves.

3. When PCS is unavailable, there are demands on the relief valves
subsequent to the initial demand at scram. As steam is con-

'
, tinually generated by decay heat, the increasing pressure will

! require periodic release to the suppression pool. One valve hao
'

sufficient capacity to provide this function. During this mode
of operation, it is likely the operator will manually activate
the valves per Browns Ferry E01-4. This Emergency Operating
Instruction (EOI) directs the operator to relieve vessel pressure,

to 850 psi. In so doing, the operator depressurizes the vessel
to a point low enough that the valves will not continually cycle

'

in the self-actuation mode. Based on transient analysis contained
in FSAR Chapter 14, a demand of six openings in 8 hours was
derived.

Fault Tree. Because operation of the relief valves is totally self-
contained, it is not necessary to construct a faalt tree. Operation of each
valve is independent of the other valves and all other plant components.
The probability of Event J is determined by the binomial expression for x
successes in 13 trials, where x is the number of valves required. Event K
is the number-of-open-valves times the valve-fail-to-close-rate.

For transients where the PCS is unavailable there are three criteria
for overpressure protection failure (J) depending upon which type of scrami

occurred. For direct scrams, 12 of 13 valves must fail. There are 13 com-
binations of valves for this case. If the direct scram fails then 7 of
13 valves must fail after a flux scram occurs: there are 1716 combinations

I of valves for this case. If both the flux and direct scrams fail but the
pressure scram succeeds, then 4 of 13 valves must fail; there are 715 con-
binations of valves for this case. The value for independent valve failure

' rate is 1 x 10-2 per demand. The value for the conditional probabilities
of direct , flux, or pressure scrams, given that a successful scram occurs,
are 0.95 for direct, 0.049 for flux, and 0.001 for pressure scrams. These
values are based on engineering judgement taking in to account the plant
response to the initiators for transient where the PCS is unavailable.
Therefore, the unavailability of overpressure protection is equal to the.

sum of the conditional probabilities given above:
|
'

Q(J) = Q(direct) + Q(flux) + Q(pressure)

= 13(0.95)(1 x 10-2)12 (0.049)(1716)(1 x 10~ )+

i

+ (1 x 10~ )(715)(1 x 10~ )

t
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i

Q(J) = c + c + 7.2 x 10'

Q(J) = 7.2 x 10' .

For overpressure protection failure (K), the unavailability is merely,

the individual valve-failure-to-reclose-rate (3 x 10-3 per demand) times e
,

! the number-of-valves-that-must-close:
i

Q(K) = 13(3 x 10-3)
e

'

= 3.9 x 10' for T initiator
A

!

Q(K) = 19(3 x 10-3)
,

-2
= 5.7 x 10 for T and T initiators.g p

,

For transients with PCS available, this number is 13; for others, it
; is 19.

2.6 Manual Depressurization

2.6.1 Purpose

! Manual depressurization of the reactor is accomplished by the operator
: opening the safety relief valves whenever the high pressure makeup systems

|
are unable to maintain reactor water level following a transient.

!

,
2.6.2 System Configuration

Overall Configuration. BF1 has 13 two-stage Target Rock relief valves.i

| As previously described, six of these valves are designed for automatic
operation upon coincident signals of low reactor water level, high drywell

,
pressure, and LPCI/ core spray pumps operating. However, manual activation

! of the relief valves will be required for transients since the high drywell
pressure condition will not be present. All 13 relief valves have the'

capability of being actuated from the control room.

1
System Interface. The system interfaces for the 13 relief valves are

| contained in Table 34.
'

.

2.6.3 Fault Tree
.

I

| The manual cepressurization action is depicted as Event V in the
transient systemic event trees (see Appendix A).

<

Success / Failure Criteria. Opening of any 4 of the 13 safety relief
valves constitutes successful depressurization of the reactor.

;

!

,
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Major Assumptions. Manual depressurization failure analysis was
developed from human error considerations only. Mechanical and electrical
faults associated with the safety relief valves opening was not considered
to be a significant contributor to system failure.

Fault Tree. The human error model for manual depressurization via the
,

i relief valves is addressed in Section 4.2. Assumptions and results of
f ailing to mar.ually depressurize are also contained in Section 4.2.

2.7 Core Spray System
.

During a postulated accident, steam is generated by residual and decay
beat. For a small break, if the feedwater system does not operate, the
reactor vessel depressurizes slowly, and the HPCI system or the RCIC system
is designed to inject sufficient coolant in time to prevent uncover.n; the
core. When the pressure in the reactor vessel decreases to 500 psig, :he
core spray system is designed to begin pumping water from the suppression
pool into the core region of the reactor vessel, with rated flow delivered
at reactor pressure less than 350 psig.-

For large breaks, the reactor will depressurize very quickly and the
core spray system is designed to spray the core at full flow within 12 see
after reactor pressure drops below 500 psig.

2.7.1 Purpose

The core spray system along with its control and instrumentation is
one of several emergency core cooling systems (ECCS) used to inject coolant
onto the reactor core following an accident (pipe break) or an operational
transient. The core spray system is designed to prevent excessive fuel

2cladding temperature for a pipe break of up to 4 f t by spraying water
onto the reactor core. The core spray system is to function with a complete
loss of offsite power (LOSP).

~

2.7.2 System Configuration

Overall Configuration. The core spray system consists of four pumps
divided into two parallel systems that are identical and are physically and
electrically independent from each other. Each system contains two
50%-capacity, AC-motor-driven centrifdgal pumps; core spray sparger; and
interconnecting pipes and valves.

The pump configuration for the core spray systems is:I

,

Core Spray
System Pumps

Loop I 1A and ICg
Loop II 1B and ID

<

The pumps are connected in parallel. With only one pump operating in
,

a loop, the core spray system will not deliver the required flow to those
_

fuel assemblies located near the vertical centerline of the core. The core'

spray system is shown in Figure B-15.
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Except where otherwise specified, the remainder of the description of
' the core spray system refers to one spray loop; the remaining spray loop is

* identical. All equipment is located outside of primary containment in the
reactor building, with the exception of the testable check valve and a
lotked-open manual isolation valve. The 360 deg spray sparger is located
within thv core shroud and'is split into two 180 deg segments. Nozzles on

' the spr'ay sparger direct the water onto the core. The testable check valve
inside the drywell is air operated, providing periodic testing capability'

| from Panel 9-3 in the main control room (NCR). The check valve is designed
;

with a free-floating disk to ensure that the valve will open in the event
. of emergency injection regardless of the position of the air operator. The,' .

locked-open manual isolation valve located in the drywell has position'

| indication'4isplayed on Panel 9-3 in the MCR. This valve is used for
. maintenance purposes only.
y-
I'
'N Two AC motor-operated injection valves, inboard and outboard, allow

testing of the injection valves. The inboard injection valve (FCV-75-25 for-

Loop I and FCV-75-53 for Loop II) is a normally closed valve. The inboard
injection valve automatically opens on receipt of an initiation signal and*

reactor vessel pressure less than, or equal to, 450 psig. The valve cannot- -

be opened from the MCR unless reactor vessel pressure is less than 450 psig,4
c

|
N or the outboard injection valve is shut. The outboard injection valve

]' (FCV-75-23 for Loop I and FCV-75-51 for Loop II) is a normally open valve
and (a) automatically opens if closed upon receipt of an initiation signals

,

'^ ~

.\,'
^

and reactor vessel pressure less than 450 psig, and (b) is interlocked open
s until the logic is reset. r

s, c s *

.

An AC-motor-operated test valve (FCV-75-22 for Loop I and FCV-75-50
4

g

", for Loop II) is provided to allow for full-flow testing of the spray loop.
The test. valve automatically closes and is interlocked closed upon receipt
of an initiation signal. The minimum-flow bypass line diverts discharge
water from the core spray loop pumps back to the suppression pool to protect

- the pumps from operating at full shutoff head. The AC-motor-operated valve
( FCV-75-9 f or Loop I and FCV-75-37 f or Loop II) in the bypass line is a
normally open valse that closes when discharge flow from the pumps increases

t o a t ,l e a s t 1250 gpm and reopens on decreasing flow of less than 600 gpm.
The flow signal for opening and closing of the minimum-flow bypass valve<

c orre s from a flow transmitter located in the common injection path from the

discharge of both loop pumps.

The core spray pumps are vertical, single-stage pumps. Each pump is
rated at 50% capacity (3125 gpm) and is driven by a 600 hp motor. The pumps

! are located in the basement of the reactor building to ensure that water
' * from the suppression pool maintains the net positive-suction-head require-

ments. Core spray system Loop I pumps are located in the northwest quadrant

j of the reactor building, while core spray Loop II pumps are located in the
! northeast quadrant.

T
The pump suction _ valve (FCV-75-30 for Pump 1B, FCV-75-39 for Pump ID,

FCV-75-2 for Pump 1A, FCV-75-ll for Pump IC) is an AC-motor-operated valve
that is normally open and alarms in the MCR if the valve is closed. The
common suction header to both loop pumps contains a locked-open manual iso-
lation valve (HCV-75-1 for Loop I and HCV-75-29 for Loop II). Position o

indication of this valve is displayed in the MCR. Normal suction for the
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core spray loop pumps is from the suppression pool via the ECCS suction
header. There are four suction lines from the suppression pool to the ECCS
suction header.

Stainless-steel screens are provided on each line from the suppression
pool to the ECCS suction header to prevent plugging of the core spray

'sparger nozzles. The screens are also located above the bottom of the sup-
pression pool to minimize plugging. The flow area of the four suction lines
are sized for combined, simultaneous, full-flow requirements of HPCI, LPCI,
and core spray with one suction screen completely plugged. Alternate suc-,

I tion for the core spray icop pumps is from the CST through locked-closed ,

manual isolation valves.

System Interfaces. The core spray system interfaces with the EPS, EECW
system EAC system, and the keep-full system. Lubrication and cooling are
integral to the core spray motor and pump bearings. System interactions
that could affect availability are shown in Table B-38. The core spray

pump motors receive power from the 4160 V AC shutdown buses, while the
motor-operated valves receive power from the 480 V AC reactor MOV buses.

The EECW system provides cooling water to room air coolers located in
the pump rooms. The EAC system consists of fans located in the respective
pump rooms that circulate room air to cool the core spray pump motors. The
keep-full system is designed to keep full of water the discharge piping
f rom the pump check valve to the normally closed inboard injection valve.

Instrumentation and Control. The controls and instrumentation for the
I core spray system include the sensors, relays, wiring, and valve-operating

mechanisms used to start, test, and operate the system. Except for the
;

testable check valve in each spray Icop, the sensors and valve-closing
mechanisms for the core spray system are located in the reactor building.
Logic control power for each of the core spray loops comes from separate
250 V DC reactor MOV buses. Figure B-16 is a diagram of the core spray
initiation circuitry.

| The signals used to initiate the core spray system are: (a) low-low-
| low reactor water level (470 inches), or (b) high drywell pressure (+2 psig)
! concurrent with low reactor vessel pressure (less than, or equal to,

450 psig).

These signals are sealed in and have to be manually r"eset when theE"
initiating condition has cleared.

Upon receipt of a low reactor water level initiation signal, the ,

following events occur:

1. The test valves (FCV-75-22 for Loop I, and FCV-75-50 for Loop II)
are closed, if open, and are interlocked closed to prevent
opening. /
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2. If normal AC power is available, the four core spray pumps start
one at a time in the following order:

Time
Pump (sec)

* 1A 0
IB 7

1C 14
1D 21

.

3. If normal AC power is not available, all four core spray pumps
start immediately 7 sec after standby power (diesel generators)
becomes available. (The LPCI pumps start as soon as standby power
is available.)

4 When reactor pressure drops to 450 psig, the inboard injection
valves open and water is sprayed on the core.

5. When core spray loop flow increases to 1250 gpm, the minimum-flow
bypass valve closes, directing full loop flow to the core.

6. The core spray pumps are stopped by placing the control room
switch in the "stop" position. The pumps will not start
automatically unless the logic is reset.

The same sensors that initiate core spray also initiate the LPCI
system.

Testing. Surveillance testing of the core spray components is per-
forned on a scheduled basis. Only those tests that are done while the
reactor is critical are considered for this analysis. Table B-39 is a sum-
mary of the surveillance testing done on the core spray system while the
reactor is critical.

The simulated automatic actuation test provides verification that a
simulated actuation signal will automatically start the system and correctly
position the proper valves for injecting water into the reactor vessel.
The system flow test is conducted to insure the capability of the core spray
loops to pump >6250 gpm at a system head pressure corresponding to a
105 psig dif ferential between the reactor vessel and the primary contain-
ment. The pump operability test consists of starting the pumps through the
minimum-flow line. Th motor-operated valve operability test consists of
cycling and timing the valves in the system.*

Th e system flow test, pump operabili.ty test, and the motor operated
valve operability were excluded from the core spray system analysis since
these tests do not result in the system being unavailable if an initiation,
signal is received.

Maintenance. Maintenance is performed on the core spray system only
on an .-needed basis while the reactor is critical. Maintenance on the

~

pumps is the only activity done on a scheduled routine. Once every 2 years
the oil is changed on each pump. Table B-40 summarizes this maintenance
activity.
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TAELE B-38. CORE SPRAY SYSTEM FMEA 0F COMPONENT / SUPPORTING-SYSTEM INTERACTIONS

Supporting Failure Mode of*

I Component System Interface Support System local Ef fect s on Front-Line System Remarks
t

t

j CS Division 11 250 V DC RMOV Board-IA No power to board; No FC power to CS Division 11 No auto-initiation of CS Loop 11

i system logic breaker open
!

1 FCV-75-53 480 V AC RMOV Board-1B No power to board; Valve fails to open as required No flow through Loop 11
' (inboard MOV) breaker open

J Control signal Relay 14A-K13B No signal Valve remains closed unless No flow through Loop 11

; manually opened

FCV-75-51 480 V AC RMOV Board-1B No power to board; Valve remains in normal position Valve is normally open and need not change
j (outboard MOV) breaker open position for successful CS

Control signal Relaw 14A-K135 No signal Valve remains in normal position Valve is normally open and need not change
position for successful CS

FCV-75-39 480 V AC RMOV Board-1B No power to board; Valve remains in normal position Valve is normally open and need not change
breaker open position for successful CS

Control signal Manually No signal Valve remains in norral position Valve is normally open and need not change
,

controlled position for successful CS;
m- HS-75-39
w

FCV-; 5-30 480 V AC RMOV Board-1B No power to board; Valve remains in normal position Valve is normally open and need not change
breaker open position for successful CS

Control signal Manually No signal Valve tcmains in normal position Valve is normally open and need not change
controlled position for successful CS
HS-75-30

CS Division 1 250 V DC RMOV Board-1B No power to board; No DC power to CS Division i No auto-initiation of CS Loop I

system logic breaker open

FCV-75-25 480 V AC RMOV Board-1A No power to board; Valve fails to open as required No flow through Loop I

(inboard MOV) breaker open

Control signal Relay 14A-K13A No signal Valve remains closed unless No flow through Loop 1
manually opened4

FCV-75-23 480 V AC RMOV Board-1A No power to board; Valve remains in normal position Valve is normally open and need not change
(outboard MOV) breaker open position for successful CS

Control signal Relay 14A-E13A No signal Valve remains in normal position Valve is normally open and need not change
breaker open position for successful CS

FCV-75-Il 480 V AC BMOV Board-1A No power to board; Valve remains in normal position Valve is normally open and need not change
breaker open position for successful CS

f

|
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TABLE B-38. (Continued)

Supporting Failure Mode of
1 Component System Interface Support System Local Effects on Front-Line System Remarks

Control signal Manually No signal Valve remains in normal position Valve is normally open and need not change
controlled position for successful CS
HS-75-11

FCV-75-2 480 V AC RMOV Board-1A No power to board Valve remains in normal position Valve is normally open and need not change
breaker open position for successful CS

Control signal Manually No signal Valve remains in normal position Valve is normally open and need not change
controlled position for successful CS r
HS-75-2

CS Pump B 4160 V AC SD-BD-C No power to board Pump will not start as required Insufficient CS from CS Loop II
breaker cpen

250 V DC control Distribution No power to board Pump circuit breaker will not close Insufficient CS from CS Loop 11
Panel SB-B

Control signal Relay 14A-K12B No signal e}umpwillnotauto-startasrequired Pump can be manually started

to EECW CS room Rupture Once started, pump may fail to run Pump may overheat if run for extended time
8 cooler heat for long duration

[ Exchanger B Plug
e and D

EAC CS cooler Fails to run Once started; pump may fail to run Pump may overheat if run for extended time
Fan B and D for long duration

CS Pump D 4160 V AC SD-BD-D No power to board; Pump will not start as required Insufficient CS from CS Loop 11
breaker open

250 V DC control Distribution No power to board Pump circuit breaker will not close Insufficient CS from CS Loop 11
Panel SB-D

Control signal Relay 14A-K14B No signal Pump will not auto-start as required Pump can be manually started

EECW CS room Dupture Once started, pump may fail to run Pump may overheat if run for extended time
cooler heat for long duration
Excharger B Plug
and D

EAC CS cooler Fails to run Once started, pump may fail to run Pump may overheat if run for extended time,

i Fan B and D for long duration

CS Pump A 4160 V AC SD-BD-A No power to board; Pump will not start as required Insufficient CS from CS Loop 1
breaker open

250 V DC control Distribution No power to board Pump circuit breaker will not close Insufficient CS from CS Loop I
Panel SB-A

!

I
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TABLE B-36. (contirlued)

Supporting Failure Mode of
Component System j nterface Support System Local Effects on Front-Line System Remarks

Control signal Relay 14A-K12A No signal Pump will not auto-start as required Pump can be manually started

E ECli CS room Bupture Once started, pump may fail to run Pump may overheat if run for extended time
cooler heat for long duration
Exchanger A Plug
and C

EAC CS cooler Fails to run Once started, pump may f ail to run Pump may overheat if run for extended time
Fan A and C for long duration

CS Pump C 4160 V AC S D- B D- B No power to board Pump will not start as required Insufficient CS from CS Loop I
breaker open

en 250 V DC control Distribution No power to board Pump circuit breaker will not close Insufficient CS from CS Loop 1
I Panel SB-C

oc
o Control signal Relay 14A-E14A No signal Puep will not auto-start as required Pus'p een be manually started

EECW CS room Rupture Once started, pump may fail to run Pump may overheat if run for extended time
cooler heat for long duration
Exchanger A Plug
and C

EAC CS cooler Fails to run Once started, pump may fail to run Pump may overheat if run for extended time
Fan A and C for long duration

1
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l Figure B-16. Core spray initiation circuitry.
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Part 3

" - - - r
B1 /

2 214 A-K58 - 14A K5A . ._14 A-K7A - 14A-K7810. O B :: 14 0 D 2- 72B12- 738 :1 2-3 52B: 2 2-3 52D:1
250 V DC '

4
Bus B

(reactor - ~ 14A-K6B ~ 14A-K6A ~

~ 14A-K8A ~ ~ 14A K8B
Board 1 A)

_

14A K5B 14A K68 14 A-K8 14 A-K9 B
14 A-78 14 A-K23 14 A-K36B 14A-K37B

t _' t -
-'I~ Reactor

' ' ' ~

82#i_
I~ Drywell 9' Reactor low

high pressure water level low pressure

f f

'BI' ''B3 #

Unit 2 g 14A-K13B

U NVA-C 3 DGVA-C !! NVA D 7 DGVA-D 114A-K25B 2114A-K26B !! !!2114A K37B 14A-K368 ~ Z 2 :14A K11B
14 A-SIB

Close
Y
-
CD 14A-K238 2 : 14A K9B I C 2114A-K23B 2114A-K98 14 A-K4B C 1

F

14 A-K30B 14A-K31B
14A K208 14 A-K248 14 A-K29B 14A-K32B 14A-K138 14A-K48

' ~ ~ ~ ~ ~ ~

_t'| - -| - t-
I I IUnit 2 Power available FCV 75-73 inboard MOV
auto initiator circuit open togic

NVA-C closed when normal auxiliary power available at Bus C
NVA-D closed when normal auxiliary power available at Bus D
DGVA-C open when diesel generator power availab:e at Bus C
DGVA-D open when diesel generator power available at Bus D

INEL 21524

Figure B-16. (continued).
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TABLE E-39. CORE SPRAY SYSTEM TEST REQUIREMENTS SUMMARY

Test Components Aligned Away Expected
} Component Type of Procedure from Engineered Safeguards Test Expected Test

Undergoing Test Test Number Position for Test Frequercy Outage Time Bemerks

Core spray Loop I simulated Functional S1 4.5.A.l.a FCV-75-25 breaker opened once every 4 hr A technician is in continuous
automatic actuation test FCV-75-23 closed operating communication with control
(OS45A11J) (FCV-75-23 breaker opened cycle * room and observer stationed

later on in test to at FCV-75-25; with FCV-75-25
I verify FCV-75-25 inoperable, all core spray
, operability) protection is lost in event

j of simultaneous Unit 7 core
spray initiation and loss of
normal auxiliary power

Core spray Loop II simulated Functional SI 4.5.A.I.a FCV-75-53 Same as once every 4 hr Same as above
automatic actuation test FCV-75-51 above operating
(OS45A12J) cycle *

Core spray Locp I logic Functional SI 4.2.B-39 Pump 1A and IC breakers Once every 4 hr --

(0142B39J) in test position FCV-25 6 months
shut with breaker open

td Core spray Loop Il logic Functional SI 4.2.5-39 Pump 18 and ID Same as Once every 4 hr --

# h (0242539J) FCV-75-53 above 6 months
=
u Core spray Loop 1 pump time Calibration SI 4.2.5-39, Same as for Loop I logic Once every 2 hr --

delay relays (042BJ91J) Step 4.5 test operating
cycle *

Core spray Loop 11 pump time Calibration SI 4.2.B-39, Same as for Loop II logic Once every 2 hr --

delay relays (0428392J) Step 4.5 test operating
| cycle *
,

Loop I core spray sparger to Calibration SI 4.2.B-24 Pumps not allowed to be Once every 2 hr Core spray not in service
reactor pressure vessel running unless absolutely 3 months (Page 5, IMI-75)
differential pressure necessary

,

, PdIS 75-28 (0428241J)

Loop 11 core spray sparger Calibration SI 4.2.5-24 Same as above Once every 2 hr Same as above
to reactor pressure vessel 3 months
dif ferential pressure

: PdIS 75-56 (042B242J)

Core spray pump discharge Calibration $1 4.2.B-21 Core spray not in Once every 2 hr Core spray auto-blowdown
pressure Loop I PS-75-7 service (Page 5, IMI-75) 3 months permissives
and 16 (042B211J)

Core spray pump Calibration SI 4.2.5-21 Same as above Once every 2 hr Core spray auto-blowdown
discharge pressure 3 months
Loop 11 PS-75-35 and 44
(042B212J)

'?
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j TABLE B-39. (Continued)
!

l

! Test Components Aligned Away Expected
! Component Type of Procedure from Engineered Safeguards Test Expected Test

l'ndergoing Te st Test Number Position for Test Frequency Outaae Time Remarks'

}
| Loop I discharge Calibration SI 4.2.5-52 Core spray not in once every 3 hr --

pressure service (Page 5. IMI-75) 6 months,

PI-75-20
PT-75-20
PX-75-20

(0542852J )

Loop II discharge Calibration bl 4.2.B-53 Same as above once every 3 hr --

pressure 6 months
P I-75-48
PT-7 5-48
PX-75-48

(OS42 B53J )

CSS auto-initiation Functional SI 4.2.B-48 -- Once every 1 hr -

Inhibit (Loop II) 6 months
(OS42 B48J )

to Loop I core spray sparger to Functional SI 4.2.B-24 Core spray system not in Once every I hr --

I reactor pressure vessel service (Page 5. IMI-75) month
$ differential pressure
& PdIS-75-28 (0142 624J )

Ioop 11 core spray sparger to Functional SI 4.2.5-24 Same as above Once every 1 hr -

reactor pressure vesset month
dif ferential pressure

PdIS-75-56 (02428243)

Loop I flow detector FI-75-21 Calibration IMI-75 Core spray system not in Yearly 2 hr Table 5.1.6. IMI-75
(OIMI751J) service

loop II flow detector FI-75-49 Calibration IMI-75 Same as above Yearly 2 hr Same as above
(01MI752J)

Reactor low water level Functional SI 4.2.B-1 Level yarway removed from Once every 1 hr per Switch 1. RER/RCIC
LIS-3-58A (042B12M) service month instrument Switch 2, HPCI

LIS-3-58C (042812BJ) Functional SI 4.2. B-1 Same as above Same as above Same as above Switch 3. ADS

LITS-3-585 (042B19AJ) Functional SI 4.2.5-1 Same as above Same as above Same as above Switch 4, core spray

LITS-3-58D (042819BJ) Functional SI 4.2. B-1 Same as above Same as above Same as above --

High drywell pressure
. ,

PS-64-58A and C (OS4285 AJ) Functional SI 4.2. B-5 Sensor valved out Once every 1 hr Initiates trips in core
month spray, HPCI and LPCI systems

PS-64-58B and D (OS4285BJ) Functional SI 4.2.B-5 Same as above Same as above same as above -

g * * u
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TABLE B-39. (continued)

Test Components Aligned Away Expected
Component Type of Procedure from Engineered Safeguards Test Expected Test

Undergoing Test Test Number Position for Test Frequency _ Outage Time Remarks

Reactor low pressure Calibration SI 4.2.B-7 Sensor valved out once every 1-1/2 hr Switch 1. RHR
PS-3-74A and B (042B7CAJ) 3 monthe Switch 2 core spray

PS-68-95 and 96 (04287CBJ) Calibration S1 4.2.8-7 Same as above Same as above Same as above -

Reactor low pressure
PS-3-74 A and B (042B7FAJ) Functional SI 4.2.B-7 Sensor valved out once every 1/2 hr Switch 1. RHR

month Switch 2 core spray

PS-68-95 and 96 (042B7FBJ) Functional SI 4.2.B-7 Same as above Same as above Same as above -

tys

b Operating cycle is presently 18 months (i.e., time between refuelings).a.
00
4
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1ABLE B-40. CORE SPRAY SYSTEM MAINTENANCE ACTS SUMMARY

Component Maintenance Components That Must Be Expected
l'ndergoing Type of Procedure Aligned Away from Engineered Expected Frequency Outage Time
Maintenance Maintenance Number Safeguards Position of Maintenance Maintenance

Pump 1A Oil change 157 Col 5 Pump prevented from starting Once every 2 years 8 hr

Pump 1B Oil change 157C015 Same as above Same as above 8 hr

m
Pump IC Oil change 157C015 Same as above Same as above 8 hr

2
Pump ID Oil change 157G015 Same as above Same as above 8 hr

* a ..



Technical Specification Limitations

1. The core spray system shall be operable: prior to reactor startup
from a cold condition, or when there is irradiated fuel in the ,

vessel and when the reactor vessel pressure is greater than
atmospheric pressure.,

2. If one core spray system loop is inoperable, the reactor may
remain in operation for a period not to exceed 7 days, provided
all active components in the other core spray loop and the RHR
system (LPCI mode) and the diesel generators are operable.,

3. If the above specifications cannot be met, the reactor shall be
shut down in the cold condition within 24 hours.

4. When the reactor vessel pressure is atmospheric and irradiated
!fuel is in the reactor vessel, at least one core spray loop with

one operable pump and associated diesel generator shall be opera-
ble, except with the reactor vessel head removed as specified in
Item 5 below or prior to reactor startup as specified in Iten 1
above.

5. When irradiated fuel is in the reactor vessel and the reactor
vessel head is removed, core spray is not required provided work
is not in progress that has the potential to drain the vessel,
provided (a) the fuel pool gates are open and the fuel pool is
maintained above the low level alarm point, and (b) one RHRSW
pump and associated valves supplying the standby coolant supply
are operable.

6. When one of the 4-kV shutdown boards for Units 1 and 2 is inoper-

able, continued reactor operation is permissible for a period not
to exceed 5 days, provided that both offsite 161-kV transmission
lines and both common station transformers and one cooling tower
t ransformer (not parallel with the energized common transformer)
are availabic, and the remaining 5-kV shutdown boards and associ-
ated diesel generators, core spray, RHR (LPCI and containment
cooling) systems, and all 480-V emergency power boards are oper-
able. If this requirement cannot be met, an orderly shutdown
shall be initiated and both reactors will be shut down and in the
cold condition within 24 hours.

.

I

2.7.3 System Operation
.

The core spray system is designed to spray water onto the fuel bundle
upon receipt of an initiation signal without any operator action. However

I the system must be manually shut down following an automatic start.
6 Automatic Start. When on diesel power, if an accident signal on Unit 2

is automatically initiated and has not been reset, Unit I core spray

i Pumps IB and ID (Loop II) are prohibited from starting and, if running, will
trip. Upon receiving an initiation signal, all operable diesel generators
start. The core spray system test valves (FCV-75-22 and 50) close if oper..
All fcur core spray pumps will stagger start, unless the 4160 V AC shutdowni

i B-189 ,

i

|
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I

| boards are being powered from the diesel generators. At approximately
450 psig reactor pressure, the inboard injection valves (FCV-75-25 and 53)
open. All the RHRSW pumps that supply the EECW system start.

. The operator action upon system startup is to verify the initiating

] signals, verify the core spray system actuated, and check that flow to
*

j reactor vessel increases to design flow of 6250 gpm (FI-75-21 and 49) for
each loop as reactor pressure decreases. ,

I

i

If the core spray pumps are tripped manually af ter auto-initiation,
they will not restart automatically until the initiating condition is ,

cleared and the initiating logic is reset. Similarly, if the inboard'

injection valves are manually closed after auto-initiation, they will not
reopen automatically until the initiating condition is cleared and the
initiating logic is reset.;

;

2.7.4 Fault Tree

A fault tree was constructed for the two independent core spray loops
in the core spray system based on information contained in the FSAR, P and

! ID diagrams, and the Hot License Training Program at Browns Ferry Station.
The fault tree begins with the undesired top event and structures back
through the system from the reactor core to the core spray pumps and suction
from the suppression pool. Events shown include faults in the core spray

| system as well as faults at interfaces with other systems, such as electric
,

power. Figure B-17 displays the core spray fault tree. The two independent '

loops of the core spray system are designated as Loop I (contains core ,,

spray Pumps lA and IC) and Loop II (contains core spray Pumps 1B and ID).'

There are eight house events in the core spray tree. The first three

; (OHOUS1, OHOUS2, and OHOUS3) establish whether the fault tree will be
j analyzed for one of two loop success (F ) or two of two loop successB

(F ). The next two house events (OHOUS4 and OHOUSS) allow the analyst to'

A
account for minimum-flow bypass valve failures causing loop failure due to
flow diversion. The initiation circuitry model contains three house events.;

Two of these (HOUSENVA and HOUSENVL) are mutually exclusive and account for
whether the shutdown boards supplying power to the core spray pumps are
supplied by normal power or the diesel generators. The HOUSTRAN event pre-
vents taking credit for drywell pressure initiation during transients since
high drywell pressure is not a normal result of transients. Table B-41
lists the house events and the initiators for which core spray operation is

,

required.

Success / Failure Criteria. The top event of the core spray system fault *

tree is defined as " core spray fails to provide rated flow to the reactor
vessel." Due to multiple ECCS systems employed at Browns Ferry Station to

| mitigate accidents and abnormal transients, successful emergency coolant
'

injection is dictated by the various ECCS system availabilities. Refer to
#Tables B-42 and B-43 for core spray success criteria.)

; Only the success criteria stated in Table B-42 are considered in the
| core spray analysis. This criteria defines the requirements for core spray

| through the full spectrum of break sizes.

B-190
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INEL 21526

4

Figure B-17. Core spray fault tree.
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TABLE B-42. CORE SPRAY SYSTEM LOCA MITIGATION SUCCESS CRITERIA

Short-Term

Reactor Suberiticality Containment _ Integrity __ Emergency _ Coolant _ Injection Decay _ Heat _ Removal
_

Large B_rea_k__-Liguid Line--0.3 to 4.3 ft --Suction
_

No more than 30 rods Adequate suppression Two core spray loops and two of Two of four RHR pumps

scattered throughout pool level and no four LPCI pumps with associated heat
the core not fully bypass leakage from exchangers in torus

inserted drywell to wetwell or cooling mode

or Four of four LPCI pumps or

No more than five or One of four RHR pumps
adjacent rods not with associated heat
fully inserted One of two core spray loops and exchangers in shutdowna

4 two of fourLPCI pumps (one LPCI cooling mode
3 pump per injection loop)

_--_ - ____ . _ . - - _ _ ._- _

2Large Break--Liquid Line--0.3 to 4.3 ft --Discharge _ _ __ _ _ _ _
_ _ ,

No more than 30 rods Adequate suppression Two core spray loops Two of four RHR pumps
scattered throughout pool level and no with associated heat
the core not fully bypass leakage from or exchangers in torus

inserted drywell to wetwell cooling mode
One of two core spray loops and

or one of two LPCI pumps on or
unaffected side

No more than five One of four RHR pumps
adjacent rods not with associated heat
fully inserted exchangers in shutdown

cooling mode
. - - - - ------------------------- . _----------------_ _-- -



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

1

TABLE B-42. (continued)
- ----__ - - . - - - - - - - - _

i

i Short-Term
Reactor Subcriticality Containment Integrity Emergency Coolant Injection Decay Heat Removal

>

Large Break--Steam Line--1.4 to 4.1 ft
;

No more than 30 rods Adequate suppression Two core spray loops Two of four RHR pumps -

scattered throughout pool level and no with associated heat
'

the core not fully bypass leakage from or exchangers in torus

inserted drywell to wetwell cooling mode
Four of four LPCI pumps

or or
or

No more than five One of four RHR pumps
adjacent rods not One of two core spray loops and with associated heat
fully inserted one of four LPCI pumps exchangers in shutdown.w

& cooling mode
o

j 00 4

2'

| Intermediate Break--Liquid Line--0.12 to 0.3 ft
j

i

{ No more than 30 rods Adequate suppression One of one HPCI pump Two of four RHR pumps
! scattered throughout pool level and no with associated heat
'

the core not fully bypass leakage from or exchangers in torus

inserted drywell to wetwell cooling mode
Four of six ADS relief valves

i or or

| and
No more than five One of four RHR pumps

I adjacent rods not One of four LPCI pumps with associated heat
fully inserted exchangers in shutdown

I or cooling mode
4

One of two core spray loops

:

I
|

I

l

f

*
; , = .

__ _ _ - _ - _ _ _ _ - _ _ _ _ _ _ _ _ _
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| TABLE B-42. (continued)

|
|

; Short-Term

Reactor Subcriticality Containment Integrity Emergency Coolant Injection Decay Heat Removal
!

Intermediate Break--Steam Line--0.12 to 1.4 ft
^

No more than 30 rods Adequate suppression One of one HPCI pump Two of four RHR pumps
scattered throughout pool level and no with associated heat

or exchangers in torusthe core not fully bypass leakage from
inserted drywell to wetwell cooling mode

One of four LPCI pumps
or or

or

No more than five One of four RHR pumps
adjacent rods not One of two core spray loops with associated heat

y fully inserted exchangers in shutdown

y cooling mode
e

Small Break--Liquid or Steam--Up to 0.12 ft

No more than 30 rods Adequate suppression One of one HPCI pump Two of four RHR pumps
scattered throughout pool level and no with associated heat
the core not fully bypass leakage from or exchangers in torus
inserted drywell to wetwell cooling mode

Four of six ADS relief valvesa

or and one of four LPCI pumps or
i

) No more than five or One of four RHR pumps
adjacent rods not with associated heat'

i fully inserted Four of six ADS relief valves exchangers in shutdown
and one of two core spray loops cooling mode

1

1

l

|
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1

1AhLE B-43. CORE SPRAY SYSTEM TRANSIENT MITIGATION SUCCESS CRITERIA
1

" ' " " "
Reactor Shutdown Vessel Water Inventory DHR

'

Anticipated
Transient CRD RPT OP(0)* OP(C) PCS MSI yH DEP INJ RHR

t

{ Transients No more Both recircu- NA All relief Condenser MSIVs shutd HPCI Manual One LPCI pump Two RHR pumps
a where PCS is than 30 lation pumps valves available operation of and two heat

D

]
available rods fail trip recloseC or or at least four or exchangers in

to insert and relief valves torus cooling
l Turbine RCIC One core mode

'

dor Feed system valves and spray loop
providing bypass valves or

|
No more makeup shut or
than five One RHR pump,

j adjacent One booster and one heat

j rods fail and one con- exchanger in
to insert densate pump shutdown

,
cooling mode

j or

i One RHRSW
pump in
SBCS mode

t#
1

N Transients No more Direct scram All relief NA MSIVs shut HPCI Manual One LPCI pump Two RHR pumps
" where PCS is than 30 2 of 13 valves valves operation of and two heatO unavailable rods fait reclose or or at least four or exchangers in

to insert Flux scram relief valves torus cooling
7 of 13 valves Turbine RCIC One core mode

or valves and spray loop
Pressure scram bypass valves or

No more 10 of 13 valves shut or
1 than five One RHR pump

adjacent One booster and one heat
rods fail and one eon- exchanger in
to insert densate pump * shutdown

* cooling mode
or

One RHRSW
pump in 1

,

SKS mWe
I

Relief valves open OP(0) and rectose OP(C).a.

b. If both recirculation pumps trip and PCS remains available, the resulting power level is such that the capacity of the bypass valves is adequate to
remove the heat being generated.i

c. Even though relief valve action is not required some relief valves will open.|

d. MSI only necessary if PCS fails.
e. Although PCS is unavailable, the condensate system may still be operable.

|

|
|

* < .,

.- ..
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Major Assumptions. The fault tree analysis of the core spray system
was based on the following assumptions:

1. System valves are aligned prior to LOCA as shown in Figure B-15.
A successful response will be for the core spray loop pumps to
start, the inboard injection valves to open, and the minimum-flow

,

bypass valves to close.

2. Passive f ailures of normally open valves that are not required to
change state are considered if the passive fault could disable an
entire loop. There are seven such valves in each loop: a toruse

suction valve (HCV-75-1 and 29), two pump suction valves
(FCV-75-11 and 2, and FCV-75-30 and 39), two pump discharge
valves (HCV-75-10 and 18, and HCV-75-38 and 46), and two loop
discharge valves (FCV-75-23, HCV-75-27 and FCV-75-55). Passive
failures of active components are insignificant compared to the
active failure rates.

3. No credit is given to manual intervention as a means of producing
successful operation.

4. The suppression pool is common to core spray, LPCI, and primary
containment. Faults associated with the suppression pool, includ-
ing torus rupture and low water, were considered to be insignifi-
cant contributors to core spray unavailability.

5. Each of the core spray loop pump suction lines has an interface
with the CST through a locked-closed manual isolation valve. This
alternate source of water is not considered as an alternative
source because of Assumptions 1 and 3.

6. Piping less than or equal to 2-inch diameter for diverting flow,
was considered to be insignificant contributors to system
performance.

7. Pipe rupture due to water hammer is considered to be insignificant
since the core spray piping is maintained full of water by the

keep-full system.

Basic Events. The information associated with the various basic events
,

listed in the fault tree is summarized in the core spray fault summary short
,

form, Table B-44. In addition, the failure data associated with these basic
events is summarized in Table B-45. Tables B-46 through B-48 list thec

' *
dominant cut sets for core spray unavailabilities.

.

B-211



TABLE E-44 CORE SPARY SISTEM FAULT SUMMARY SHORT FORM

Primary Failure

Fault
Esent Failure Failure Duration Error
Name Event Component Mode Rate (br) Factor

OHOUSl LOCA/ transient On/off -- -- -

OHOUS2 Four pump flow not required -- -- --

UHOUS3 Two pump flov from same loop -- -- --

not required

OHOUS4 Loop 1 flow greater than -- -- --

1250 gpm,

0
[ OPPOOllF Loop 1 injection header down Rupture IE-10/hr/ 25 30

stream of FCV-75-25 section

OVKO261P FCV-75-25 Loop 1 Does not IE-4/D -- 3

open

OS45AllJ Loop I simulated automatic Out of 3E-4 -- O

actuation test service

0142B39J Loop I logic test 9E-4 --

042B241J Loop I sparger to reactor 9E-4 --

pressure vessel differential
pressure calibration

04 2 B391J Loop I pump time delay 1.5E-4 --

calibration

042B211J Loop 1 pump discharge 1.4E-3 --

calibration

*e e <
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e e o.

TABLE b-44 (continued)

Primary Failure

Fault
Event Failure Failure Duration Error
Name Event Component Mode Rate (hr) Factor

OS42B52J Loop I discharge pressure Out of 6.9E-4 -- O

calibration service

0142B24J Loop I sparger to reactor Out of 1.4E-3 -- O

pressure vessel differential service

pressure test

OIM1751J Loop I flow detector Out of 2.3E-4 -- O

service

Z OPP 0012F Loop 2 injection header down Rupture IE-10/hr/ 25 30
'' stream of FCV-75-53 section

OVK0542P FCV-75-54 Loop 2 Does not IE-4/D -- 3

open

0110USS Loop II flow greater than On/off -- -- --

1250 gpm

OS45Al2J Loop II simulated automatic Out of 3E-4 -- O

actuation test service

0242B39J Loop Il logic test Out of 9E-4 -- O

service

042B392J Loop II pump time delay Out of 1.5E-4 -- O

relays calibration service

. _ _ _ _ _ _ _ _ _ _



TABLE E-44. ( c o n t i r.u ed )

Primary Failure

Fault

Event Failure Failure Duration Error

Name Event Component Mode Rate (br) Factor

O042B242J Loop II sparger to reactor Out of 9E-4 -

pressure vessel differential service

pressure calibration

042B212J Loop II pump discharge 1.4E-3 --

pressure calibration

m . 6.9E-4 --

4 US42b53J Loop II discharge

g pressure calibration

OS42B4bJ Loop 11 auto-initiation 2.3E-4 --

inhibit test

0242B24J Loop 11 sparger to reactor 1.4E-3 --

pressure vessel differential
pressure test

OIM1752J Loop II flow detector 2.3E-4 --

OVM0251P Loop I inboard injection Does not IE-3/D -- 3

Valve FCV-75-25 open

!

l ., . ,

|
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TABLE B-44. (continued)

Primary Failure

Fault
Event Failure Failure Duration Error
Name Event Component Mode Rate (br) Factor

OCK0251G Control circuit for Loop I No output 3.2E-3 -- 10
inboard injection valve

OVM0532P Loop II inboard injection Does not IE-3/D -- 3
Valve FCV-75-53 open

OCK0532G Control circuit for Loop II No output 3.2E-3 -- 10
inboard injection valve

OVK537CP Pump IC discharge check Does not IE-4/D -- 3
Valve 75-537C open-

w

OVM0091N Loop 1 miniflow bypass Does not lE-3/D -- 3
FCV-75-9 close

OCK0091G Loop I miniflow bypass No output 3.2E-3 -- 10
control circuit

OPSO211T Loop I miniflow bypass flow Does not lE-4/D -- 3
sensor operate

ADC001BV Shutdown Board IB control Does not lE-6/hr 7 10
power energize

OPM001CR Pump IC Does not IE-3/D -- 3

| start
|

|

_ _ _ _ _ _ _ .
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TABLE B-44 (continued)

Primary Failure

Fault

Event Failure Failure Duration Error
Name Event Component Mode Rate (br) Factor

OPMOOlCS Pump IC Stops 3E-5/hr 8 10
running

OLK001CG Pump IC motor control circuit No output 2.9E-3 -- 10

OVK570CP Pump IC miniflow bypass check Does not lE-4/D -- 3
Valve 75-570C open

OCB001C1 Pump IC circuit breaker Does not IE-3/D -- 3

7 operate
Z
'

OPM001CJ Pump IC maintenance Out of 4.6E-4 -- O

service

OVK537AP Pump 1A discharge check Does not lE-4/D -- 3

Valse 75-537A open

ADCOOlAV Shutdown Board 1A control Does not IE-6/hr 7 10
power energize

OPM001AR Pump 1A Does not IE-3/D -- 3

start

OPM001AS Pump 1A Stops 3E-5/hr 8 10
running

OCK001AG Pump 1A motor control circuit No output 2.9E-3 -- 10

*, * s
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TABLE b-44. (continued)

Primary Failure

Fault
Event Failure Failure Duration Error
Name Event Component !! ode Rate (br) Factor

OVK570AP Pump 1A miniflow bypass check Does not IE-4/D -- 3

Valve 75-570A open

OCB001A1 Pump 1A circuit breaker Does not IE-3/D -- 3

operate

OPM001AJ Pump 1A maintenance Out of 4.6E-4 -- O

service

m
4 OVK537BP Pump IB discharge check Does not IE-4/D -- 3

[ Valve 75-537B open

OVM0372N Loop II miniflow bypass Fails to IE-3/D -- 3

FCV-75-37 close

OPSO492T Loop II miniflow bypass flow Does not IE-4/D -- 3
sensor operate

OCKO372G Loop II miniflow bypass valve No output 3.2E-3 -- 10
control circuit

ADCOOlCV Shutdown Board 1C control Does not lE-6/hr 7 10
| power energize
i

OPM001BR Pump 1B Coes not lE-3/D -- 3
start

|
- _ _ _ _ _ _ _ _ _ _ _ _ _ _ .



1ABLE E-44. (continued)
___

Primary Failure

Fault
Event Failure Failure Duration Error
Nare Event Component Mode kate (hr) Factor

OPMOOlBS Pump 1B Stops 3E-5/hr 8 10
running

OCKOOlBG Pump IB motor control circuit No output 2.9E-3 -- 10

OVK570BP Pump lb miniflow bypass check Does not IE-4/D -- 3
Valve 75-570B open

OC BOOl B1 Pump 1B circuit breaker Does not lE-3/D -- 3

4 operate
-

"
OPMOOlBJ Pump 1B maintenance Out of 4.6E-4 -- O

service

OVK537DP Pump ID discharge check Does not lE-4/D -- 3

Valve 75-537D open

ADLOOlDV Shutdown Board ID control Does not lE-6/hr 7 10
power energize

UPMOOlDR Pump ID Does not IE-3/D -- 3
start

OPMOOlDS Pump ID Stops 3E-5/hr 8 10
running

OCKOOlDG Pump ID motor control circuit No output 2.9E-3 -- 10

*e * i
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1ABLE B-44 (continued)

Primary Failure
.

Fault
i Event Failure Failure Duration Error

Name Event Component Mode Rate (hr) Factor

OVK570DP Pump 1D miniflow bypass check Does not lE-4/D -- 3
Valve 75-570D open

OCB001D1 Pump 1D circuit breaker Does not IE-3/D -- 3
operate

OPM001DJ Pump ID maintenance Out of 4.6E-4 -- O

service

T OREll20V Relay 14A-K12A Does not lE-4/D -- 3
energize

OC0121U0 Contact 14A-K21A Does not lE-7/hr 367 3
remain
closed

ORE 110UV Relay 14A-K10A Does not IE-4/D -- 3
energize

HOUSENVL Normal auxiliary power not On/off -- -- --

available, Bus B

HOUSENVA Diesel power not available, On/off -- -- --

Bus B

--_ n



'lABLE B-44 (continued)

Primary Failure

Fault

Event Failure Failure Duration Error

Name Event Component Mode Rate (hr) Factor

HOUSENVI. Normal auxiliary power not On/off -- -- -

available, Bus A

liOUSENVA Diesel power not available, On/off -- -- --

Bus A

ORE 120UV Relay 14A-K20A Does not IE-4/D -- 3

energize

T ORE 119UV Relay 14A-Kl9A --

U
C OREllbOV Relay 14A-Kl8A --

UREll7UV Relay 14A-K17A --

URE131UV Relay 14A-K31A --

'

RRE800BV Relay NVA-B -

OC0132UN Contact 14A-K32A Does not 3E-7/hr 2167
close

RRE900BV Relay DGVA-B Does not IE-4/D --

energize

i

|

!

!

!
t * * e .
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TABLE B-44 (continued)

Primary Failure

Fault
Event Failure Failure Duration Error
Name Event Component Mode Rate (hr) Factor

ORE 129UV Relay 14A-K29A Does not IE-4/D -- 3

energize

RRE600AV Relay NVA-A Does not lE-4/D --

energize

OC013OUN Contact 14A-K30A Does not 3E-7/hr 2167
close

5 RRE900AV Relav DGVA-A Does not IE-4/D --

}
'

energize

ORE 137UV Relay 14A-K37A Does not --

energize

ORE 136UV Relay 14A-K36A Does not --

energize

1

OPS 101CT Pressure Switch 2-10-101C Does not -- '

operate

OS42B5AJ Functional Test PS-64-58 Out of 1.4E-3 -- 0
A and C service

ORE 005AV Relay 14A-KSA Does not lE-4/D -- 3
energize
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IABLE B-44. (continued)

Primary Failure

Fault
Event Failure Failure Duration Error
Name Event Component Mode Rate (br) Factor

OPS 101A1 Pressure Switch 2-10-101A Does not IE-4/D -- 3

operate

0542BSEJ Functional Test PS-64-58 Out of 1.4E-3 -- 0
B and D service

OREGObbV Relay 14A-K6B Does not IE-4/D -- 3

energize

? OPSIOlD1 Pressure Switch 2-10-101D Does not --

ij operate
ra

UREOOSEV Relay 14A-K5B Does not --

energize

OPS 10181 Pressure Switch 2-10-101B Does not --

operate

OREll4UV Relay 14A-K14A Does not --

energize

OC012200 Contact 14A-K22A Does not IE-7/hr 367
remain
closed

0C0104U0 Contact 14A-K4A Does not lE-7/hr 367
remain
closed

a
e e i
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TABLE B-44. (continued)

Primary Failure

Fault
Event Failure Failure Duration Error
Name Event Component Mode Rate (hr) Factor

OREll3UV Relay 14A-K13A Does not lE-4/D -- 3
energize

ORE 125UV Relay 14A-K25A --

ORE 126UV Relay 14A-K26A --

ORE 212UV Relay 14A-K12B --

,

T OCO22100 Contact 14A-K21B Does not lE-7 367
R$ remain
"'

closed

ORE 210UV Relay 14A-K10B Does not IE-4/D --

energize

HOUSENVL Normal auxiliary power not On/off -- -- --

available, Bus D

HOUSENVA Diesel power not available, On/off -- -- --

Bus D

llOUSENVL Normal auxiliary power not On/off -- -- --

available, Bus C -

_ . - _ _



TABLE B-44. (continued)

Primary Failure

Fault

Event Failure Failure Duration Error

Name Event Component Mode Rate (hr) Factor

liOUSENVA Diesel power not available, On/off -- -- --

Eus C

ORE 237UV Relay 14A-K37B Does not IE-4/D -- 3

energize

ORE 2360V Relay 14A-K36B Does not -- 3
.

energize

m

4 ORE 223UV Relay 14A-K23B Does not -- 3

y energize

"

OPS 452U1 Pressure Switch 2-3-52D Does not --

operate

OPS 252UT Pressure Switch 2-3-52B Does not --

operate

ORE 209UV Relay 14A-K9B Does not --

energize

ORE 220UV Relay 14A-K20B --

ORE 219UV Relay 14A-K19B --

ORE 231UV Relay 14A-K31B --

RREbOODV Relay NVA-D --

,

k %
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TABLE B-44. (continued)

Primary Failure

Fault
Event Failure Failure Duration Error
Name Event Component Mode Rate (br) Factor

CCO224UO Contact 14 A-K24 B Does not IE-7/hr 2167 3
remain
Closed

RRE900DV Relay DGVA-D Does not IE-4/D --

energize

OCO232UN Contact 14A-K32B Does not 3E-7/hr 2167
close

T
[j ORE 218UV Relay 14A-Kl8B Does not lE-4/D --

v' energize

ORE 217UV Relay 14A-K17B --

ORE 2290V Relay 14A-K29B --

HRE800CV Relay NVA-C --

RRE900CV Relay DGVA-C --

OCO230UN Contact 14A-K30B Does not 3E-7/hr 2167
close



_ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

lABl.E B-44. (continued)

Prirr.ary Failure

Fault

Event Failure Failure Duration Error
N arre Event Conponent Mode Rate (br) Factor

O R E 2141'V Relay 14A-K14B Does not IE-4/D -- 3

energize

OBE007AV Relay 14A-K7A Does not IE-4/0 -- 3

energize

OPS 072A1 Level Switch 2-3-72B Does not IE-4/D -- 3

operate

7 042B12AJ Functional Test I.IS-3-58A Out of 1.4E-3 -- 0
% service
a

OREOO8AV Relay 14A-K8A Does not IE-4/D -- 3

energize

OPS 079A1 level Switch 2-3-79A Does not IE-4/D -- 3

operate

042h19AJ Functional Test LITS-3-58B Out of 1.4E-3 -- O

service

ORE 123AV Relay 14A-K23A Does not IE-4/D -- 3
energize

OPS 352U1 Pressure Switch 2-3-52C Does not IE-4/D -- 3

operate

$$ e =
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TABLE B-44. (continued)

Primary Failure

Fault
Event Failure Failure Duration Error
Name Event Component Mode Rate (br) Factor

04267CAJ Calibration PS-3-74 Out of 6.9E-4 -- 0
A and B service

042B7FAJ Functional Test PS-3-74 Out of 6.9E-4 -- 0
A and B service

OPS 152UT Pressure Switch 2-3-52A Does not IE-4/D -- 3

operate

T ORE 109UV Relay 14A-K9A Does not IE-4/D -- 3
I$ energize
w

042B7CBJ Calibration PS-68-95 and 96 Out of 6.9E-4 -- O
service

042B7FBJ Functional Test PS-68-95 Out of 6.9E-4 -- O
and 96 service

OREOO7BV Relay 14A-K9B Does not lE-4/D 3--

energize

OPS 072BT Level Switch 2-3-72B Does not lE-4/D -- 3
operate

042B12BJ Functional Test LIS-3-58C Out of 1.4E-3 -- O
service

I

i

l



TABLE B-44. (continued)

Primary Failure

Fault
Event Failure Failure Duration Error
Name Event Component Mode Rate (hr) Factor

ORE 006hV Relay 14A-K8B Does not IE-4/D -- 3

energize

OPS 079BT Level Switch 2-3-79B Does not lE-4/D -- 3

operate

042B19BJ Functional Test LITS-3-58D Out of 1.4E-3 -- O

service

T
I$ OREOO6AV Relay 14A-K6A Does not lE-4/D -- 3
*

cnergize

OCO222UO Contact 14A-K22B Does not IE-7/hr 367
remain
Closed

OCO204U0 C<>n t ac t 14A-K4E Does not IE-7/hr 367
remain
Closed

ORE 213UV Relay 14A-K13B Does not IE-4/D --

energize

ORE 225UV Relay 14A-K25B Does not lE-4/D --

energize

*+ * i
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TABLE B-44. (continued)
<

Primary Failure

Fault -

Event Failure Failure Duration Error

_ Name Event Component Mode Rate (br) Factor

ORE 2260V Relay 14A-K26B Does not lE-4/D -- 3

energize

HOUSTRAN 1ransient initiator On/off -- -- --

w
E
@ OPSDKHPX Drywell pressure switches Operator 2.9E-4 -- --

miscali-
bration

GPSLLVLX Low water level switches Operator 2.4E-6 -- --

miscali-
bration



IABLE B-45. CORE SPARY SYSTEM FAILURE DATA SUMMARY

Time to Time to Fault

Detect Repair Duration Time L;navailability
Feiture F'il"''

U) (T ) (T = T +T)
component / Activity Mode D R D R Probability (A) Remarks

check valve Does not open -- -- -- IE-4 / D lE-4 -

Mator-operated valve Does not o pe n -- -- -- IE-3/D lE-3 --

Motor-opera t ed valve No output 360 hr 7 hr 367 hr 7.7E-6/hr 3.2E-3 I = 4.lE-4 + 7.7E-6T

7 = To + Tmcontrol circuit +

4.1E-4/D T --W4SH-1400 valueR

TD = half test interval

Pape Rupture I hr 24 br 25 hr IE-10/hr 2.5E-9 Tg = 24 hr assumed time to
shut down plant

TD = 1 hr assumed since keep-
full should alarm by then to
indicate a ruptured pipe

Pump Does not start -- -- -- IE-3/D IE-3 -

1

N Pump Does not run 0 hr 37 hr 8 hr 3E-5/hr 2.4E-4 --

u
O _

Pump mo tor-cont rol c ircuit No output 36C hr 7 hr 367 hr 7.6E-6/hr 2.9E-3 A = 4.lE-4 + 7.6E-6T

T = To + Tg+

4.lf-4/D T --WASH-1400 valueR

TD = half test interval

Pump circuit breaker Dces not clcse -- -- -- IE-3/D IE-3 --

Pressure switch Does not -- -- -- IE4/D 1E-4 -

operate

Relay Does not -- -- -- I E-elo IE-4 --

energize

Contact Does not 2160 nr 7 hr 2167 a.: 3.-7/hr , 6.2E-4 TD = half test interval
se7ain clGsed --'

,

3E-4 From Table B-39C minted automatic Inoperable -- -- -- *-

actuation test
/

Core spray lodic test Inoperable -- -- -- -- 9E-4 From Table B-39 -,
.

Core spray pump time delay inoperable -- -- -- -- 1.5E-4 From 1 sole B-39
relay calibrat ion

- .

/
,s

d'

yeL

$

O
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TABLE L-45. (continued)
<

Time to Time to Fault
,

**' 'E'** ** * ** "''*
Failure Failure '. I

(T ) (T ) (T = TD+T) Ptobability (A) tamar ' sComponent / Activity Mode D R R .

Core 4..s sparget to Inoperable -- -- -- -- 9E-4 From Table B-39
react. *ssure vessel ,

differentaal pressure
c alib r a t ior.

Core spray pump discharge Inoperable -- -- -- -- 9E-4 From Table B-39
pressure calibration

Core spray loop discharge Inoperable -- -- -- -- 6.9E-4 From Table B-39
pressure calibration

Core s pray auto-initiation Inoperable -- -- - -- 2.3E-4 From Table B-39
inhibit test

Core spray sparger to Inoperable - - -- -- 1.4E-3 From Table B-39
reactor pressure vessel
differential pressure test

t2
8 Flow instrument inoperable -- -- -- -- 2.3E-4 From Table B-39
to

calibrationw
-

Reactor low water level Inoperable -- -- -- -- 1.4 E-3 From Table B-39
instrument functional test

High drywell pressure Inoperable -- -- -- -- 1.4 E-3 From Table B-39
e instrument functional test

Reactor low pressure Inoperable -- -- - -- 6.9 E-4 From Table B-39
instrument calibration

Reactor low pressure Inoperable -- -- -- -- 6.9E-4 From Table B-39
instrument functional test

Pump oil change Inoperable -- -- -- -- 4.6E-4 From Table B-40

Core spray reactor low Operator -- -- -- - 2.4E-6 See Section 4
level switch (OPSLLVLX) miscalibration

Core spray drywell Operator -- -- -- - 2.9E-4 See Section 4
pressure switches miscalibration

(OPSDWMPX)

Passive valve f aults Fail to remain -- -- - IE-4/D 7E-4 Seven valves per loop
open

If To = 0, then T = Tg if the mission time (8 br) >Tg. If TD = 0. T = mission time (8 hr) if mission time <Tg.a.

I

_ _ _ _ _



TABLE B-46. CORE SPRAY SYSTEM CUT SETS
(F )A

Importance Potentially

Unavailability (%) Cut Sets Recoverable 8

3.2E-3 5.9 OCK0532G No

3.2E-3 5.9 OCKC372G No

3.2E-3 5.9 OCK0091G No ,

3.2E-3 5.9 OCK02$1G No

2.9E-3 5.3 OCK001CG No

2.9E-3 5.3 OCK001DG No
2.9E-3 5.3 OCK001BG No
2.9E-3 5.3 OCK001AG No

1.4E-3 2.6 0142B24J No

1.4E-3 2.6 0242B24J No

1.4E-3 2.6 042B211J No

1.4E-3 2.6 042B212J No

1.0E-3 1.8 OPM001DR No

1.0E-3 1.8 OPM001BR No

1.0E-3 1.8 OCB001AT No

1.0E-3 1.8 OPM001CR No
1.0E-3 1.6 0CB001BT No
1.0E-3 1.8 OCB001DT No
1.0E-3 1.8 OPM001AR No

1.0E-3 1.8 OCB001CT No

1.0E-3 1.8 OVM0372N No

1.0E-3 1.8 OVM0532P No

1.0E-3 1.8 OVM0251P No

1.0E-3 1.8 OVM0091N No

9.0E-4 1.6 042B241J No

9.0E-4 1.6 042B242J No

9.0E-4 1.6 0242B39J No

9.0E-4 1.6 0142B39J No

6.9E-4 1.3 0542B53J No

6.9E-4 1.3 0542B53J No
e

4.6E-4 0.8 OPM001AJ No

4.6E-4 0.8 OPM001BJ No

4.6E-4 0.8 OPM001CJ No

4.6E-4 0.8 OPM001DJ No
e

Cumulative 89.0
importance

E-232
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TABLE B-47. CORE SPRAY SYSTEM CUT SETS
(F )B

Importance Potentially,
Unavailability (%) Cut Sets Recoverable

1.0E-5 1.5 OCK0091G,0CK0532G No
1.0E-5 1.5 OCK0251G,0CK0372G No
1.0E-5 1.5 OCK0091G,0CK0372G No,

1.0E-5 1.5 OCK0251G,0CK0532C No

9.3E-6 1.3 OCK001AG,0CK0532G No

9.3E-6 1.3 OCK001CG,0CK0532G No
9.3E-6 1.3 OCK0251G,0CK001BG No
9.3E-6 1.3 OCK001AG,0CK0372G No
9.3E-6 1.3 OCK0091G,0CK001DG No

9.3E-6 1.3 OCK0251G,0CK001DG No
9.3E-6 1.3 OCK001CG,0CK0372G No
9.3E-6 1.3 OCK0091G,0CK001BG No
8.4E-6 1.2 OCK001AG,0CK001BG No
8.4E-6 1.2 OCK001CC,0CK001BG No

8.4E-6 1.2 OCK001AG,0CK001DC No
8.4E-6 1.2 OCK001CG,0CK001DG No

4.5E-6 0.6 042B211J,0CK0532G No
4.5E-6 0.6 0412B24J,0CK0372G No

4.5E-6 0.6 0242B24J,0CK0091G No

4.5E-6 0.6 0142B24J,0CK0532G No

4.5E-6 0.6 042B212J,0CK0251G No

4.5E-6 0.6 042B211J,0CK0372G No
4.5E-6 0.6 042B212J,0CK0091G No
4.5E-6 0.6 0242B24J,0CK0251G No

4.1E-6 0.6 0142 B24J ,0CK001DG No
4.lE-6 0.6 0242B24J,0CK001AG No
4.1E-6 0.6 042B211J,0CK001BG No

4.1E-6 0.6 0242B24J,0CK001CG No

4.lE-6 0.6 042B211J ,0CK001DG No

4.1E-6 0.6 042B212J,0CK001CG No*

4.1E-6 0.6 0142B24J,0CK001BG No

4.lE-6 0.6 042B212J,0CK001AG No

Cumulative 30.8
,

importance

B-233
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TABLE B-48. CORE SPRAY SYSTEM CUT SETS

(FB with LOSP)

Importance Potentially
Unavailability (%) Cut Sets Recoverable

.

9.0E-4 9.3 ADL001BR,ADL001CR No

9.0E-4 9.3 ADLO01BR,ADL001DR No

9.0E-4 9.3 ADL001AR,ADL001DR No

9.0E-4 9.3 ADL001AR,ADL001CR No ,

9.6E-5 1.0 ADL001AR,0CK0532G No

9.6E-5 1.0 ADL001AR,0CK0372G No
9.6E-5 1.0 ADLOOlBR,0CK0532G No
9.6E-5 1.0 OCK0251G,ADLOOlDR No
9.6E-5 1.0 OCK0251G,ADLO01CR No

9.6E-5 1.0 ADL001BR,0CK0372G No

9.6E-5 1.0 OCK0091G,ADLOOlDR No

9.6E-5 1.0 OCK0091G,ADL001CR No

8.9E-5 0.9 ADL001BR,ADLO01CJ No

8.9E-5 0.9 ADLOOlBJ,ADLOGICR No

8.9E-5 0.9 ADL001AJ,ADL001CR No

8.9E-5 0.9 ADLO0lBJ,ADL001DR No

8.9E-5 0.9 ADL001AR,ADLOOICJ No

8.9E-5 0.9 ADL001AJ,ADLO0lDR No
8.9E-5 0.9 ADL001AR,ADL001DJ No

8.9E-5 0.9 ADL001BR,ADLO01DJ No

Cumulative 52.5
importance

2.8 Vapor Suppression System

In the event of a LOCA within the drywell, reactor water and steam
would be released into the drywell air space. The resulting increased dry-
well pressure would then f orce a mixture of steam and water through the
connecting vent system between the drywell and the pool of water in the
pressure suppression chamber ( torus). The steam would rapidly condense in

( the suppression pool resulting in a rapid pressure reduction in the drywell. *

2.8.1 Purpose

The vapor suppression system is designed to direct the LOCA effluents
#to the pressure suppression chamber to prevent containment over-

pressurization following a postulated pipe rupture in the drywell. The
suppression chamber receives this flew, condenses the steam portion of this
flow, and contains noncondensable gases and fission products driven into
the chamber. The suppression-chamber-to-drywell vacuum breakers limit the
pressure dif ferential between the drywell and suppression chamber.

B-234
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2.8.2 System configuration

~| Overall Configuration. Figure B-18 represents the basic configuration
of the vapor suppression system as part of the primary containment. Large
vent pipes form a connection between the drywell and the pressure chamber.
A total of eight circular vent pipes are provided, each having a diameter.

of 81 inches. The pressure suppression chamber is a steel pressure vessel,

in the shape of a torus below, and encircling the drywell, with a centerlinei

| diameter of approximately 111 f t and a cross-sectional diameter of 31 f t.
2It contains approximately 135,000 ft of water as a maximum and has a net!

air volume above the water pool of approximately 119,000 ft2, The eight,

drywell vents are connected to a 57-inch diameter vent header in the form
of a torus, which is contained within the airspace of the suppression cham-
ber. Projecting downward from the header are 96 downcomer pipes, 24 inches
in diameter and terminating approximately 4 ft belos the water surface of
the pool. Vaccum breakers (18 inches) discharge from the suppression cham-
ber into the drywell to equalize the pressure differential and to prevent a
backflow of water from the suppression pool into the vent header system.

j Support System Interfaces FMEA. Component / support-system interactions
are shown in Table B-49. Support system interfaces include control air and
120 V AC buses for the vacuum relief valves and heating / ventilation /
airconditioning interfaces for the drywell and suppression pool.

Instrumentation and Control. No instrumentation and control is
required for the vapor suppression function. Lights are provided in the
main control room to indicate if vacuum breakers are of f their seats.

{ Testing. Dryuell to pressure suppression chamber vacuum breakers are
exercised periodically. These requirements are summarized below in
Table B-50.

Maintenance. No scheduled maintenance acts were identified from the
] BF1 maintenance schedules for components of the vapor suppression system.

| Technical Specification Limitations. The technical specifications
! require that: when it is determined that two vacuum breakers are inoper-
{ able, all other vacuum breaker valves shall be exercised immediately and
I every 15 days thereaf ter until the inoperable valves have been returned to

normal service.

2.8.3 System Operation

' Operation of the vapor suppression system is described in the previous
sectioa, "Overall Configuration."

2.8.4 Fault Tree

s
Other than f ailure of the primary containment (torus rupture), all of

the faults represented on the vapor suppression system fault tree
(Figure B-19) would result in bypass leakage from the drywell to the air-
space of the wetwell. This leakage could conceivably pressurize the wetwell
airspace to the same pressure as the drywell, preventing the required 2 psi
dif ferential pressure between the drywell and wetwell airspace to expel

B-235
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water from the downcomer pipes. Appendix U of the Browns Ferry FSAR indi-
cates the maximum allowable leakage area is approximately 0.3 ft2 (8-inch
diameter pipe) for a primary system break area range that encompasses the
small, intermediate, and lower-end range of the large LOCA break sizes con-
sidered in the BF1 risk assessment. The house event VSSHOUSE is "on" for
LOCAs and "off" for transients.

.

Success / Failure Criteria. Success criteria for the vapor suppression
system is defined as adequate suppression pool level and no bypass leakage
f rom d rywell to wetwell.

Major Assumptions. Thus, it is conservatively assumed that any of the
faults identified (i.e. , pipe ruptures or any vacuum breaker failed open)
would result in f ailure of the vapor suppression system to perform its
function following a LOCA of any size. The diamond event for operational
f aults regarding wetwell water level being too high, too low, or too hot
are assumed to be insignificant contributors to vapor suppression system
f ailure because of the instrumentation redundancy and frequency of operator
observance of this instrumentation.

Basic Events. Th e information associated with the various basic events
listed in the fault tree is summarized in the vapor suppression system fault

summary short form, Table B-51. In addition, the failure data associated

with these basic events is summarized in Table B-52. Table B-53 lists the
dominant contributors to vapor suppression system unavailability.

.

4
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TABLE B-49. VAPOR SUPPRESSION SYSTEM FMEA 0F COMPONENT / SUPPORTING-SYSTEM INTERACTIONS

Supporting Failure Mode of Local Effects on
Component System Interface Support System Front-Line System Remarks

FCV-64-2BA thru M Control air Corresponding Insufficient air Valves cannot be tested Does not interfere with vapor suppression

(12 vacuum relief actuator pressure phenomena
valves) FSV-64-28A thru M

120 V AC HS-64-28A thru M No power to board No power to valve Does not interfere with vapor suppression
Bus B indicating lights phenomena

Drywell HVAC FCV-64-18 Valve fails to close None Failure of a single valve to close is not serious;
FCV-64-29 on high drywell however, failure of two or more valves to close

g FCV-64-31 pressure may create a flow path between the drywell and
I suppression pool, thereby interfering with the
[ vapor suppression ability of the containment
00

Suppression pool HVAC FCV-64-19 -- -- --

FCV-64-32
FCV-64-34

*4 s a
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TABLE B-50. VAPOR SUPPRESSION SYSTEM TEST REQUIREMENTS SUMMARY

Components Aligned
Away from

Component Test Engineered Expected
Undergoing Type of Procedure Safeguards Test Expected Test

Test Test Number Position for Test Frequency Outage Time Remarks

FCV-64-28A Open-close SI 4.7.A.4.a Yes Once every 12 min Only one valve

}' thru cycle month is tested at a,

u FCV-64-28M time# (12 valves)

5
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Vapor suppression
fails to reduce

drywell pressure
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I
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1 1
=. Vent knes, vent7 One or more

header or Torus Operational VB
o vacuum breaker

downcomer rupture faults for open due to
open or ruptured pipes ruptured TORUS water testing

| ZPPTORUF

TAB OR ZSl47A4J
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'thru
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Figure B-19. Vapor suppression fault tree.
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TABLE B-51. VAPOR SUPPRESSION SYSTEM FAULT SUMMARY SHORT FORM

Primary Failure

Fault
Event Failure Failure Duration Error
Name Event Component Mode Rate (hr) Factor

ZVB00100 Vacuum breaker Premature IE-6/hr -- 3

thru Valve FCV-64-28A open
ZVB012UO thru

FCV-64-28M

ZVB001UF FCV-64-28A Rupture IE-8/hr -- 10
thru thru

m ZVB012UF FCV-64-28M
E
C ZPPVLIUF Vent Line 1 lE-10/hr/ -- 30

thru thru section
ZPPVL8UF 8

ZPPT0RUF Torus lE-10/hr/ -- 30
section

ZPPVHlUF Vent header

ZPP01DCF Downcomer Pipe 1 lE-10/ h r/ -- 30
thru thru section
ZPP96DCF 96

ZSI47A4J Vacuum breaker test Open due 2.7E-4 -- O
to test

_ _ _ _ _ _ _ _ _ _ _



TABLE B-52. VAPOR SUPPRESSION SYSTEM FAILURE DATA SUMMARY

Time to Time to FaultFailure
. . Detect Repair Duration Time' Unavailability

Componen t / Ac t iv i t y Mode Failure(T ) (T ) (T = T +T)(Code) (Code) D R D R Probability (A) Remarks

Vacuum breaker valve (VB) Premature open 0 hr 24 hr 8 hr IE-6/hr 8E-6 Used primary safety valve rate
(0)

Leakage / 360 hr 24 hr 384 hr IE-8/hr 3.8E-6 Used solenoid valve rate
rupture (F)

Downcomers, vent lines, Rupture (F) 6480 hr -- 6480 hr IE-10/hr/section 6.5E-7 Used pipe >3 inch; rate
headers (PP) detection time based ong

i 18 month operating cycle
N

b Torus (PP) Rupture (F) 0 br 24 hr 8 hr IE-10/hr 8E-10 Torus failure would be
insnediately detectable based
>n instrumentation

Vacuum breakers Open due to -- -- -- -- 2.7E-4 From Table B-50
( ZSI47 A43 ) test

a. If T =0, then T = T if the mission time (8 hr) >T . If TD = 0, then T = mission time (8 hr) if mission time <T .D g R g

*A t a



TABLE B-53. VAPOR SUPPRESSION SYSTEM CUT SETS

Importance Potentially
Unavailability (%) Cut Sets Recoverable

>

2.7E-4 73.6 ZS147A4J No

9.6E-5 26.2 ZVB012UO No

Cunulative 99.8-

importance

2.9 Control Rod Drive Hydraulic System

2.9.1 Purpose

The CRDH system is designed to supply and control hydraulic pressure
and flow requirements to the control rod drive mechanisms. Water is sup-
plied to the hydraulic control units (HCUs). Each HCU controls the flow to
and from an individual drive. Water that is discharged from the drives
during a scram flows through the HCUs to the scram discharge volume. During
normal operation rod positioning, this discharge flows through its HCU and
exhaust header to the reactor vessel.

2.9.2 System Configuration

Overall Configuration. A simplified schematic of the CRDH system is
shown in Figure B-20. This figure shows one of the 185 HCUs and scram
arrangements and is typical of all 185 units. During a reactor scram, the
sc ram inlet valves and scram discharge outlet valves open, allowing water
from the CRDH system to flow into the drives, thereby inserting the control
rods. Operation of the scram inlet valves and the scram discharge outlet
valves is controlled by the scram pilot solenoid valves.

1he pilot solenoid valves are operated by signals received from the
RPS. Two scram pilot solenoid valves for each HCU control both the scram
inlet valve and scram discharge outlet valve for that HCU. The scram inlet
and discharge outlet valves are designed to open on loss of air pressure.
The pilot solenoid valves are normally energized and are aligned to provide
air pressure to the scram inlet and discharge valves, thus keeping them

,

closed. Upon loss of electrical signal, the pilot solenoid valve inlet
ports are closed and the exhaust ports are opened, which depressurizes the
scram inlet and discharge outlet valves. This opens the valves (inserting
the rods) and trips the reactor.

%

The scram accumulators store sufficient energy to insert a rod during
independently of any other energy source. The accurulator is a waterscram

volume stored under aitrogen pressure. Loss of accumulator pressure is
alarmed in the control raom. Although accumulator pressure provides the
energy for initial rod acceleration, once accumulator pressure has equal-
ized with vessel pressure, the primary driving force for control rod
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Figure B-20. CFDH system.
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insertion is the reactor vessel pressure. The accumulators are required
for successful rod insertion only when the reactor vessel pressure is less
than 400 psi.

The scram discharge volume, which is provided by the instrument volume
and the scram discharge headers, is designed to contain water from all thes

drives during a scram. During normal plant operation, the volume is empty
with both its drain valve and its two vent valves open. These valves close
upon receipt of a scram signal. During a scram, the scram discharge volume
is partly filled with water, which is discharged from above the drive pis-

% tons. An isometric view of the scram discharge volume equipment is shown
in Figure B-21.

The CRDH system also performs rod insertion and withdrawal during nor-
mal plant operation. Components other than those described above may be
used during normal operation. However, the scope of this analysis does not
extend beyond the scram function and those components necessary to achieve
successful scram.

System Interfaces. The CRDH system has, as its primary interfaces,
the RPS and the offsite AC power system. The most important interface is
that with the RPS. The RPS provides the A and B reactor trip signals that
are necessary to open the scram inlet and discharge outlet valves, thus
inserting the control rods and scramming the reactor.

The CRDH system interface with electrical power is less important in
terms of CRDH reliability, because the CRDH system is designed to scram the
reactor upon loss of electricity to the scram pilot solenoid valves. Upon
loss of electrical signal, the pilot solenoid valves depressurize the scram
inlet and discharge outlet valves, inserting the control rods.

Instrumentation and Control. Discharge volume instrumentation, alarns,

and interlocks guard against reactor operation when, in the event of a
scram, there is not sufficient free volume in the discharge volume to
receive discharge water. Three different water levels in the discharge
volume are monitored. The first level is at 3 gallons above reference zero.
At the first level, an alarm is activated. The second level is 25 gallons
above reference zero. At the second level, a rod withdrawal block is
initiated that prevents any further rod withdrawal. The third level is
50 gallons above reference zero. At the third level, a scram is initiated
while sufficient free volume is still available to receive the scram
discharge.

' Testing. The CRDH system is not subject to any periodic testing
procedures that contribute to system unavailability during power operation.

Maintenance. The CRDH system is not subject to any unscheduled main-
% tenance procedures that contribute to system unavailability during power

operation.

Technical Specification Limitations. System technical specifications
require that the control rod accumulators be determined operable at least
once per week by verifying that the pressure and level detectors are not in
the alarmed condition. Control rods are considered to be inoperable if
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they have inoperable accumulators or if their position cannot be positively
i d e t e rmined . The specifications further require that when a partially or

fully withdrawn control rod is determined to be inoperable, the reactor
shall be brought to the cold shutdown condition within 24 hours and not
restarted unless: (a) investigation demonstrates that the cause of failure
is not a f ailed rod drive mechanism collet housing, and (b) adequate shut-,

down margin has been demonstrated for all control rods capable of being
withdrawn and all inoperable control rods.

j 2.9.3 System Operation
' S

1;
CRDH operation is discussed in the previous section, "Overall

Configuration."
1

! 2.9.4 Fault Tree
1

The CRDH system is currently subject to the close scrutiny by a number
f of parties concerned with questions of nuclear safety.3 Although a number

0of problems and potential failure modes of the CRDH system have been<

identified and described, these potential failure modes do not lend them-
selves well to the binary fault modeling that characterizes the fault tree
analysis technique. Therefore, rather than attempting to analyze the CRDH
system with fault tree techniques, it is more appropriate to provide a
qualitative, phenomenological discussion of the potential failure modes that
have been identified for the CRDH system. A CRDH system fault tree is given
in Figure B-22.5 This fault tree is not a representation of a fault tree
analysis. Rather, it represents a graphical depiction from a phenomeno-
logical analysis of CRDH system failure of the minimum and sufficient fail-
ure modes that are necessary to cause failure of the CRDH system to provide
adequate reactor trip protection. No attempt has been made to quantify
this fault tree.

As is shown in Figure B-22, the CRDH system fails to provide a reactor
,

trip if either of two RPS trip signals are not received by the scram dis-
! charge valves or if either of the east or west trip discharge headers are

filled with water. The trip discharge headers may be filled with water only
if water is introduced into a header and if the header does not drain
properly.

!

1he most likely way in which water may enter a discharge header is via
leakage past any of the scram discharge valves that discharge into that
header. The question arises as to how many of the discharge valves must

9

leak into the header in order to fail the system. This is best addressed
| by stating that the point of interest is the rate at which water is intro-

'

duced into the header rather than how many valves that leak. At a minimum,
leakage past one scram discharge valve may be sufficient to fail the system
if the leak rate is such that water is entering the header faster than the4

g header is draining to the scram instrument volume. A number of phenomeno-
,

i logical considerations atfect the rate at which the discharge headers drain
! to the instrument volume.
1

The first consideration is that both the east and west discharge
,

j headers consist of four 6-inch pipes that connect with a single 2-inch line
that drains the contents of the headers to the scram instrument volume.

,
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Figure B-22. CRDH fault tree.
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2.10 Power Conversion System, Including Condensate / Booster Pumps

2.10.1 Purpose

The PCS provides a means of bringing the reactor to a stable shutdown
condition following a transient event that does not preclude PCS availabil-,
ity. The PCS can provide both the vessel water inventory and decay heat
removal f unctions by removing steam from the reactor, condensing the steam,
and returning the water to the reactor via the condensate and feedwater
systems. Successful PCS operation requires that the condenser be available
and the feed system provide makeup water to the reactor vessel.,

2.10.2 System Configuration

Overall Configuration. The PCS consists primarily of the main steam,
condensate, and feedwater systems. Simplified flgw diagrams for these
systems are provided by Figures B-23 and B-24.

During normal operation, steam from the reactor flows directly to the
main turbine generator via the main steam lines. Condensed extraction steam
is cascaded through the feedwater heaters to the main condenser where it it
deaerated and collected in the condenser hotwell along with condensed steam
from the turbine exhaust and miscellaneous drains from the turbine cycle.

Condensate pumps, takinF suction from the hotwell, pump the condensate
through the air ejector condensers, gland exhaust condensers, and filter /
demineralizers to the condensate booster pumps, which increase the conden-
sate pressure and discharge through the low pressure heaters to the reactor
feed pump suctions. The reactor feed pumps discharge through the high
pressure heaters to the reactor.

Under abnormal conditions requiring an emergency shutdown from power,
and if the PCS is not rendered unavailable by the initiating event, the
following actions occur. The main turbine is tripped and is isolated from
the main steam system by the turbine stop valves and turbine control valves.
There are nine turbine bypass valves that open to take steam from ahead of
the turbine atop valves and discharge to the condenser. The bypass valves

sized to pass up to 30% of maximum turbine design flow. The condenseda re
steam drops to the lower section of the condenser, called the condenser hot-
well. The operator manually trips all but one of the operating condensate
pumps taking suction from the condenser hotwell. The condensate discharge
passes through filter /demineralizers to the suction header for the conden-
sate booster pumps. The operator manually trips all but one of the opera-

;

ting condensate booster pumps. The remaining condensate booster pump
# discharges through a series of heaters to raise the condensate water

temperature.

The feedwater system is actually an extension of the condensate system,
which receives water from the condensate system at booster pump discharge

j
p re s su re and increases the pressure via a s t eam-d riven reac t or feed pump in
order to feed the reactor through the high pressure heaters, which further
raises the temperature et the feedwater. The feedwater flew is corbined
into a 30-inch mixing header and then is divided into two 24-inch lines to
feed the reactor through the feed sparger rings. The operator trips all

of the operating reactor feedwater pumps.but one
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Low Pressure injection via the Condensate System. Under abnormal con-
ditions fo110 wing a transient and gaven the high pressure makeup systems
have f ailed to maintain vessel water inventory. the condensate portion of
the PCS may be used as an alternative for providing low pressure makeup
capability. Af ter having successfully manually depressurised the reactor,
one condensate pump and one condensate booster pump can provide suf ficient
makeup capability at low pressure. The low pressure injection path of I

makeup water would be the same as described for the PCS. with the enception
that the feed pumps are bypassed. Makeup water would bypass the f eed pumps
through the startup bypass portion of the feed system. This method of
injection can only be provided where reactor pressure is less than 350 pois.

*Event W on the transient systemic event tree (Appendia A) depicts this
method of low pressure injection. This method is described in E01-41
Water Makeup Methods to Reactor Vessel.

2.10.3 Fault Tree

J As discussed in Section 1 of Appendia A. many of the transient initia-
tors and accidents considered in the Browns Ferry Risk Assessment cause the
PCS to be unavailable. In most of these cases. PCS is rendered inoperable
due to subsequent closure of the MSIVs from low reactor vessel level or
f aults that directly disable PCS such as a loss of of f site power.

For those transients where the PCS remains available following the

initiator, the PCS can provide both the vessel water inv6 Atory and decay
heat removal functions by removing steam free the reactor, condensing the
steam, and returning the water to the reactor via the cc9densate and reactor
feedwater pumps.

.

A f ault model was developed for the PCS as it would be configured for
long term decay heat removal. This model essentially consists of passive
hardware f aults, since the PCS is in normal operation at the time en acci-
dent or transient occurs. That is, other than turbine bypaes valves having
to open, there are essentially no components that have to c>=nge state.
Rather, the operator is instructed to take componente out et service (G01
100-1. Step VI-Emergency shutdown f rom Power). For example, only one ces-
densate, condensate booster, and reactor feedwater pump are required fos
post-accident conditions. although three of each may have initially been
available. The quantification of this fault model based on these redundant
f eatures yistds an unavailability value of 5.1 a 10*S. Howevsr. this
f ault model does not include the multiple interf aces of the PCS with the
balance-of-plant control system, the electro-hydraulic control system.

The electro-hydraulic control system for Browns Ferry la an entremely
"'

large and complex integrated system and was considered beyond the scope of
this study. As a result, without the electro-hydraulic rentrol system f ault
contributions to the PCS model, it was felt that this PCs unavailability
calculation would be nonconservative. Therefore, the PCS f ailure probabil-
ity f rom WASH-1400 was used for accident sequencq screening purposes in the **
event trees. The WASH-1400 PCS value is 7 a 10-3 and was based on actual
operating experience of U.S. power reactors (WASN-1400. AppenAls V, Page!

'

V-41) for f ailure to remove long-term decay heat. No sequencas et the PCS
available event tree were found to be significant (110-6) for tk*se 4

kinvolving subsequent PCS f ailure.
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For those transient initiators that result in the PCS being initially
unavailable for accident t.itigation, there is still some probability that
the condensate system may remain operable or be restored in a time frame
that allows these low pressure pumps to be used to provide makeup water to
the reactor for successful vessel water inventory. The probability of the
loss of feedwater for greater than about 1/2 hour has been estimated, based

*

on U.S. power reactor operatinF experience, to be 10-2 (WASH-1400,
Appendix V, Page V-40). No credit was taken for condensate system restora-
tion following a loss of offsite power transient event.

2.11 Standby Coolant Supply System
i ,

The SBCS system is a special mode of alignment of the RHRSW system to
the RHR system to provide a standby source of coolant to the reactor. The
D supply header of the RHRSW system contains piping and valves that cross-
connect the RHRSW system with the RHR system. The purpose of this crosstie
is to inject RHR service water into the reactor vessel or containment, via
the RHR piping, for final flooding if all other sources of coolant are
expended. This mode of coolant injection to the reactor is included in the
description RHRSW system (see Section 3.2). SBCS system cut sets are given
in Tables B-54 and B-55.

2.12 Recirculation Pump Trip System

2.12.1 Purpose

During normal operation, the recirculation pumps are used to vary
reactor power over a portion of the power range by varying pump flow. Dur-
ing transient conditions that cause sharp increases in reactor pressure,
the recirculation pumps are tripped to rapidly reduce flow through the core
and consequently to reduce reactor power level very quickly.

2.12.2 System Configuration

Overall Configuration. The RPT is accomplished by opening the breakers
for the recirculation pumps. The RPS provides the signal to the breaker
control circuit to trip the breaker. Opening the breaker causes a rapid
decrease in pump flow, which in turn reduces reactor power. The reduction
in reactor power also limits the pressure rise in the reactor to acceptable
limits. Figure B-25 shows the RPT trip circuit.

System Interfaces. The RPT receives actuation signals from the RPS.
Control power for recirculation Pump 1A comes from 250 V DC RMOV Board 1A
with alternate supply from 250 V DC battery Board 3. Recirculation Pump 1B*

normally receives control power from 250 V DC RMOV Board 1B. The alternate
supply is 250 V DC battery Board 1.

Testing and Maintenance. Technical specifications require both recir-
* culation pumps be operating during a reactor operation. Therefore, no

testing or maintenance is performed during this time.

B-255
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TABLE B-54. SBCS SYSTEM CUT SETS
(Normal Power) a

__. ,

Importance Potentially

Unavailability (%) Cut Sets Recoverable

8.8 x 10-3 21.0 XCK057DG No
8.8 x 10-3 21.0 XCK052DG No
8.8 x 10-3 21.0 XCK1012G No
8.0 x 10-3 19.0 XE01041D Yes
3.3 x 10-3 7.9 RCK067AG No

1.0 x 10-3 2.4 RVM0672P No

1.0 x 10-3 2.4 XVM1012T No
1.0 x 10-3 2.4 XVM057DT No
1.0 x 10-3 2.4 XVM052DT No

Cumulative 99.3
importance

TABLE B-55. SBCS SYSTEM CUT SETS
(with LOSP)

Importance Potentially

Unavailability (%) Cut Sets Recoverable

8.8 x 10-3 19.1 XCK057DC No

8.8 x 10-3 19.1 XCK052DG No

8.8 x 10-3 19.1 XCK1012G No

6.0 x 10-3 17.4 XE01041D Yes
3.3 x 10-3 7.2 RCK067AC No

1.0 x 10-3 2.2 RVM0672P No

1.0 x 10-3 2.2 XVM1012T No

1.0 x 10-3 2.2 XVM057DT No -

1.0 x 10-3 2.2 XVM052DT No

Cumulative 90.1
importance

*
~
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Auxiliary contact (shutcontrol
when breaker closed)power
Trip coil (opens breaker*

when energized)

Auxiliary contact (shut
I when breaker closed)

,

Fuse INEL 21547

Figure B-25. Recirculation pump trip circuit.

2.12.3 System Operation

Operation of the RPT circuitry is automatic and is described in the
previous section, "Overall Configuration."

2.12.4 Fault Tree

Figure B-26 is the RPT fault tree. Failure of either recirculation
pump to trip constitutes failure of the RPT. Rather than modeling the RPS,
a single event is used to represent failure of the RPS to initiate the RPT.
The WASH-1400 value for common mode failures of the RPS is used for RPS
failure in this fault tree.

-

Major Assumptions. The only major assumption made during RPT fault
tree construction was that insufficient time exists for the operator to
manually initiate RPS or manually trip the recirculation pump circuit
breakers.

Basic Events. The information associated with the various events
listed in the fault tree, along with the failure data, is provided in the
RPT fault summary short form, Table B-56. Table B-57 lists the dominant
contributors to RPT unavailability.

.

$
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Figure B-26. Recirculation pump trip-circuit fault tree.
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TABLE B-56. RPTth l, SUMMARY SHORT FORM

.. .

Primary Failure

Fault
Event Failure Failure Duration Error
Name_ Event Component Mode Rate (br) Factor

VCB001AP Recirculation Pump 1A Fails to IE-3/D -- 3
circuit breaker open

, _

VCB001F ? Recirculation Pump 1B Fails to IE-3/D -- 3
#

4 circuit breaker open y-,
w ,1
c -

10
., p

RPSINPUT No signal from reactor Fails to 1.9E-6 --

pressure vessel to initiate
_

-

initiate reactor pump
~

trip
_

s '-

''
VCK001AG Recirculation Pump 1A No output 3.3E-3 -- - 10

control circuit -
_

VCK001BG Recirculation Pump 18 No output 3.3E-3 -- 10
control circuit

- , ',
- -

,_-
,

#
i-

.
*

N., 4
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^

D N.%

^
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'' 4",f , N ' '-
1
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TABLE B-57. RPT SYSTEM CUT SETS
_

Importance Potentially

Unavailability (%) Cut Sets Recoverable

'

3.3 E-3 38.4 VCK001AG No
3.3 E-3 38.4 VCK001BG No

1.0 E-3 11.6 VCB001AP No
1.0 E-3 11.6 VCB001BP Noy ,

Cumulative 100.0
importance

2.13 Main Steam Isolation Valves

2.13.1 Purpose .y

The purpose of the MSIVs are to provide isolation of the main condenser
from the reactor vessel when the PCS is unavailable so that the high or low

, pressure injection safety systems can maintain vessel water inventory.

2.13.2 System Configuration

Overall Configuration. The main steam isolation system consists of
four main steam lines, eight main steam isolation valves (MSIVs), 13 steam
relief valves (of which six are utilized for the automatic depressurization

system), and steam line flow restrictors located between the relief valves
and inboard MS1Vs of each main steam line. There are two MSIVs per steam

line, one located inside the primary containment (inboard) and one located
outside the primary containment (outboard) e s shown by Figure B-27. The
tour main steam lines connect to a common manifold in the turbine building.
The c ommon manif old supplies steam to the gland seal steam system, the feed
pump turbines, the steam jet air ejectors, and nine turbine bypass valves.
Four main steam lines continue from the common manifold to the main turbine;
each of these lines has a turbine stop valve upstream of the turbine control
valve.

The MSIVs are designed to close automatically when the reactor vessel
water level falls below preset values. These valves are air piston operated
with a spring to close then upon loss of operating air. Redundant level .

switches deenergize both the DC and AC solenoid control valves, which allows
air to escape beneath the piston resulting in rapid closure of the valve.

System Interfaces. Closure of the MSIVs does not depend on any support
system interfaces other than its associated redundant instrumentation. r

Inst rumentat ion and Cont rol. Four reactor low level indicating
switches are utilized in a one-out-of-two-twice logic scheme to deenergize
the AC and DC solenoid control valves when reactor vessel water level falls

!

!
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Figure B-27. Main steam isolation system.

B-261



- _ . - -- - . - -

|
;

below preset limits. The operatcr can also control each MSIV position by
handswitches located in the main control room. Figure B-28 provides a
logic diagram for closure of one MSIV.

The electro-hydraulic control system also provides signals to close
the turbine bypass and turbine stop valves to provide further isolation of-

*the main steam system.

] Testing. Two tests are performed on the MSIVs during normal 0peration:

1. With the reactor power less than 75%, each MSIV is tripped
*

individually to verify closure time.

2. At least twice per week, the MSIVs are exercised one at a time by
partial closure (less than 10% closed) and subsequent reopening.

Neither of these tests contribute to MSIV unavailability since the,

valves are not aligned from their engineered safeguard position.

Maintenance. Maintenance of the MSIVs is not permitted during normal
1 operations due to high radiation fields and the inherent hazards associated

with maintenance of high energy systems.

| Technical Specification Limitations. In the event any MSIV becomes
; inoperable, reactor power operation may be continued provided the inoperable

MSlV is in the closed position.

2.1323 System Operation

Automatic and manual operation of the MSIVs was discussed in the pre-
vious section, " Instrumentation and Control." For transients where PCS is
unavailable (e.g., loss of main feedwater), E01-2 specifies that one set of
the automatic actions that should occur is: RCIC and HPCI will be initi-
ated, reactor recirculation pumps will trip, and MSIVs will close when
reactor vessel water level drops to a predetermined setpoint. Step III of

! E01-2, Immediate Operator Action, requires the operator to verify the auto-
! matic actions have occurred and, if not, place controls on manual and take

corrective actions.

2.13.4 Fault Tree
1

Figure B-29 is the MSlv closure fault tree for main steam Line A. The|

| model would be similar for each of the four main steam lines.

As shown by Figure B-29, main steam isolation can be accomplished by
closure of either the inboatd or outboard MSIV, or by closure of the turbine
bypass valves and stop valves. These latter two categories of valves
require an input from the electro-hydraulic control system to close. It was

considered beyond the scope of this analysis to analyze this balance-of- ,

plant system. Therefore, no credit is taken for this means of providing,

4 the main steam isolation function f rom this portion of the model.

| Only the faults associated with the air-operated valves failing to
operate on demand (3 x 10~4/D) and initiation circuitry are considered.

I
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1 I
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INEL 21550
*Same hand switch controls both solenoids.

Figure B-28. Logic diagram for closure of a MSIV.
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As shown previously in Figure B-28, failure of the valve to auto-initiate
would require the simultaneous failure of two level switches. Even consid-
ering the possibility of miscalibration of these switches, the operator is
instructed by emergency operating procedures to manually initiate MSIV
closure if auto-initiation fails. As is discussed in Section 4, a human
error model for miscalibration of four level switches yielded a human error.

probability of 2.4 x 10-6 Failure of the operator to follow the E0I
procedures is similar to the human error model for failure to manually
depressurize the reactor (9 x 10-3), which is also presented in Section 4.
Therefore, failure to initiate MSIV closure from either automatic or manual
actions is:e

(2.4 x 10-6)(9 x 10-3) = 2.2 x 10-8,

Thus, failure of at least one MSIV to close in a given steam line is:

( 3 x 10-4/D)(3 x 10-4/D) = 9 x 10-8 plus 2.2 x 10-8 for failure
to initiate closure

= 1.1 x 10-7

Since there are four similar main steam lines, failure to achieve
successful main steam isolation (Event N on the transient systemic event
trees--Appendix A) is 4.4 x 10-7

<

.

9
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3. SUPPORT SYSTEM FAULT ANALYSES>

3.1 Electrical Power System

3.1.1 Purpose

The Browns Ferry Nuclear Station EPS is a complex arrangement of *

switching equipment, transformers, generators, batteries, and other devices
needed to provide power to the various pumps, valves, and control circuits.
In general, the system consists of two parts; an AC and a DC distribution

,

system. The AC system consists of two parts, those buses powered only by
*of fsite power and those buses powered by either of fsite power or emergency

onsite diesel generators.

'

3.1.2 System Configuration

Overall Configuration

AC Power Distribution System--The AC system consists of a distri-
bution system powered by of f site power and a dist -ibution system powered by
either of f site power or emergency onsite diesel generators. Figure B-30 is
a simplified drawing of the AC power system that shows those buses directly
associated with Unit 1 that receive power from offsite power or the diesel

9

generators. Breakers shown shaded are normally closed.

Each 4160 V shutdown board has two offsite power supplies. Automatic
transfer from one to the other offsite supply occurs if one is lost. If

both offsite sources are lost, the diesel generator for that bus automati-;

! cally receives a start signal. When the diesel is running, the output
breaker will automatically close to supply power to the shutdown board if'

there is no offsite supply. Supplying a shutdown board from its corres-
ponding Unit 3 shutdown board (or vice versa) is done manually.:

{ %

| The 480 V shutdown boards each receive power from a principal and
alternate transformer powered by the 4160 V shutdown boards. Transfer from

;'

one power source to the other is done manually.

Each 480 V RMOV board has two power sources. RMOV Boards 1D and IE,

have AC motor generators providing power from the 480 V shutdown boards.
RMOV Boards ID and lE automatically transfer from one power supply to the
other on undervoltage. Transfers for RMOV Boards lA, IB, and IC are done

manually.

DC Power Distribution System--There are four DC systems at Brovns ,

Ferry Nuclear Station. The 48 and 24 V DC systems do not directly supply,

any of the loads necessary for accident or transient mitigation.
Figure B-30 also provides a simplified drawing of the 250 V DC system as it
applies to accident and transient mitigation loads. Breakers shown shaded
are normally closed. Each battery board is supplied by a battery and a ,

principal and alternate battery charger. The alternate charger for each

; board is shared by all three battery boards. Each battery charger has two
sources of AC power. Each DC RMOV board receives power from one of two of,

the battery boards. All transfers of power supplies in this system are
done manually. The 125 V DC system consists of the batteries and chargers

1
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associated with starting and controlling the diesel generators. Each diesel
has its own 125 V DC system that is independent of the other diesels' 125 V
DC system.

System Interfaces. The EECW system is the only support system inter-
face with the EPS considered in the analysis. It provides cooling to the
diesel generator lube oil and engine coolers. There are several diesel

*

support systems, such as lube oil, control power, fuel oil, etc., that were
not considered separately, since each diesel's support systems are independ-
ent of the support systems of the other diesels. Table B-58 is the FMEA
for EPSs.

.

In strumentation and Control. The breakers in the EPS have many dif-
ferent instrumentation and control schemes. In general, these include fault
protection, undervoltage transfers, and interlocks with other breakers.
Table B-59 lists each breaker shown on the EPS drawing (Figure 30) and
describes the interlocks and controls associated with each breaker.

The diesel generator control circuit provides start signals to the
diesel generator on loss of voltage to its shutdown board, loss of voltage
to the bus providing offsite power to its shutdown board, high drywell
pressure, or low reactor water level. The accident signals are provided by
the core spray logic. The undervoltage sensors are powered by the 250 V DC
control power bus for the diesel's shutdown board.

Testing. Technical specifications require periodic testing of compo-
nents in the EPSs. Table B-60 lists those tests that render components
inoperable. It also lists the frequency, duration, and calculated
unavailabilities for these tests.

The only contribution to unavailability f or all of the diesel generator
tests is the requirement that the diesels be manually started and warmed up
prior to any auto-s tart or load tests. This action limits wear on the
diesels trom repetitive fast starts from a cold condition. During manual
startup, the operator opens the breaker to the diesel output breaker logic
prevents cabinet, disabling the auto-initiation circuitry, which prevents
automatic starting and loading of the diesel for the 15 min. After warmup,
the diesel is either loaded for the monthly load test or shut down prior to
testing the auto-start logic. At this point the operator recloses the
breaker on the logic cabinet and auto-initiation is again available.

The unavailability calculation f or the diesel tests does not take
creait for operator action to reclose the logic breaker and allow the diesel
to f unctit n normally should the need arise during the warmup period. Since ,

the operator is in communication with the cont rol room during this ; rocedure
and the other diesel generators nearby would start if normal power was lost,
it is likely that the operator would be able to return the diesel being

I warmed up t o standby readiness almost immediately. However, the unavail-
ability due to testing does not consider this recovery action. .

Each month, each diesel must be manually warmed up, paralleled onto
its shutdown board and loaded to at least 75% design rating for 1 hour.
Automatic operation is inhibited, as previously discussed, for 15 min during
this procedure. Only one diesel may be tested at a time during reactor
operation.

B-268

__ _ _ _ _ _ _ _ _ _ _ _ _ _



, _ - - . -

e ee ,

I

TABLE B-58. EPS FMEA OF COMPONENT /SUPPORTINC-SYSTEM INTERACTIONS !

Failure Mode of Local Effects on

Coeponent Supporting System Interface Support System Front-Line System Remarks

Standby AC Power--Diesel Generator A

4160 V SD-BD-\ Offsite power Shutdown Bus 1 or 2 Offsite power Board is temporarily dead until --

unavailable diesels come on line

Diesel Generator A -- -- -- Diesel Generator A is the pri-
mary source of onsite power for
4 kV SD-BD-A

Diesel Generator 3A -- -- -- Diesel Generator 3A is second
source of onsite power

250 V DC power Control Bus A No power to bus Switchgear on board is inoperative --

4160 V SD-BL -B cffsite power Shutdown Bus 1 or 2 Offsite power Board is temporarily dead until --

unavailable diesels come on line

Diesel Generator B -- -- -- Primary source of onsite power

es Diesel Generator 3B -- -- -- Secondary source of onsite power
I

$$ 250 V DC power Control Bus B No power to bus Switchgear on bus is inoperative --

c
4160 V SD-BD-C Offsite power Shutdown Bus 2 or 1 offsite power Board is temporarily dead until --

unavailable diesels come on line
!

Diesel Generator C -- -- -- Primary source of onsite power

Diesel Generator 3C -- -- -- Secondary source of onsite power

250 V DC power Control Bus C No power to bus Switchgear associated with the --

4 kV shutdown board

4160 V SD-BD-D Offsite power Shutdown Bus 2 or 1 Offsite power Board is temporarily dead until --

unavailable diesels come on line
,

Diesel Cenerator D -- -- -- Primary source of onsite power

Diesel Generator 3D -- -- -- Secondary source of onsite power

250 V DC power Control Bus D No power to board Switchgear on bus is inoperable --

480 V SD-BD-1A 250 V DC power Control Bus A Bus dead Switchgear on 480 V board is --

inoperable

480 V SD-BD-1B 250 V DC power Control Bus B Bus dead Switchgear on 480 V board in --

inoperable



TABLE E-58. (Continuea)

Failure Mode of Local Ef fects on
com po ne n t Supporting System Interface Support System Front-Line System Remarks

Standby AC Power--Diesel Generator A (continued)

125 V DC battery 480 V AC Board A Battery Charger A No power to board; Loss of diesel Generator A --

circuit open control power only if both
480 V AC support systems and
the battery are unavailable

480 V AC Board B Battery Charger B No power to board; - --

carcuit open

Start air 480 V AC Diesel a2xiliary No power to board; Compressor A cannot be used to Does not fail; the diesel
Compressor A Board A circuit open start diesel Generator A Generator B comprepsor or air

flasks may be used to start
diesel generator

Engine cooler EECW -- Insufficient EECW Diesel Generator A not cooled --

and will not continue to run

Auxiliary oil 480 V AC Diesel auxiliary No power; increased probability that --

CD pump Board A circuit open diesel Generator A will not
23 start as required
u
C) Lube oil heater 480 V AC Diesel auxiliary No power to beard; Increased probability that diesel --

Board A circuit open Generator A will not start as
required

Start air 480 V AC Diesel auxiliary No power to board; If both AC and DC sources to If both A and B compressors fail
compressor B Board B circuit open Compressor B fail, the com- and the air flasks are empty,

pressor cannot start the diesel the diesel generator will not
start

12 5 V DC -- No power; -- -

circuit open

Standby AC Power--Diesel Generator B

125 V DC battery 480 V AC Board A Battezy Charger A No power to board; Loss of diesel Generator B con- --

circuit open trol power only if both 480 V AC
support systems and the battery
are unavailable

480 V AC Board B Battery Charger B No power to board; -- --

circuit open

Start air 480 V AC Diesel auxiliary No power to board; Compressor A cannot be used to Does not fail; the diesel
Compressor A Board A circuit open start diesel Generator B Generator B compressor or air

flaske may be used to start
diesel generator

e * e,
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; TABLE B-58. (Continued)
1

| Failure Node of Local Effects on
1 Component Supporting System Interface Support System Front-Line System Remarks
!
' Standby AC Power--Diesel Generator B (continued)

|
| Engine cooler EECW -- Insufficient EECW Diesel Generator B not cooled --

| and will not continue to run
.

Auxiliary oil 480 V AC Diesel auxiliary No power; increased probability that --

pump Board A circuit open diesel Generator B will r,ot

'

start as required

t
i Lube oil heater 480 V AC Diesel auxillary No power to board; increased probability that --

| Board A circuit open diesel Generator B will not
I start as required

) Start air 480 V AC Diesel auxiliary No power to board; If both AC and DC sources to If both A and B compressors fail
Compressor B Board B circuit open Compressor B fail, the con- and the air flasks are empty.

| pressor cannot start the diesel the diesel generator will not
I start

] 125 V DC -- No power;

}
circuit open

< 06
i
PJ

j Standby Power--Diesel Generator C

125 V DC battery 480 V AC Board A Battery Charger A No power to board; , Loss of diesel Generator C --
,
! circuit open control power only if both

480 V AC support systems and,

j the battery are unavailable
1

i 480 V AC Board B Battery Charger B No power to board; -- --

I circuit open

Start air 480 V AC Diesel auxiliary No power to board; Compressor A cannot be used to Does not fail; the dieset
Compressor A Board A circuit open start diesel Generator C Generator B compressor or air4

flasks may be used to start
' diesel generator

1
'

Engine cooler EECW -- Insufficient EECW Diesel Generator C not cooled --

and will not continue to run
,

Auxiliary oil 480 V AC Diesel auxiliary No power; increased probability that --

pump Board B circuit open diesel Generator C will not

4
start as required

Lube oil heater 480 V AC Diesel auxiliary No power to board; increased probability that --

Board B circuit open diesel Generator B will not
start as required

_ _
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{ TABLE B-58. (continued)
4

i

I

j Failure Mode of Local Effects on

! Component Supporting System Interface Support System Front-Line System Remarks

i
j Standby AC Power--Diesel Generator C (continued)

>

I Start air 480 V AC Diesel auxiliary No power to board; If both AC and DC sources to If both A and B compressors f ait
j Compressor B Board B circuit open Corpressor B f ail, the com- and the air flasks are empty,

pressor canrot start the diesel the diesel generator will not
start

125 V DC -- No power; -- --i

| circuit open

!.

I Standby AC Power--Diesel Generator D
i

125 V DC battery 480 V AC Board A Battery Charger A No power to board; Loss of diesel Generator D --

circuit open control power only if both
, 480 V AC support systems andi

j the battery are unavailable

480 V AC Board B Battery Charger B Fo power to board; -- --

td circuit open
i
ta
%J Start air 480 V AC Diesel auxiliary No power to board; Compressor A cannot be used to Does not fail; the diesel
PJ Compresscr A Board A circuit open start diesel Generator D Cenerator B compressor or air

I flasks may be used to start
diesel generator

I

Engine cooler EECW -- Insufficient EECW Diesel Generator D not cooled --

and will not continue to run

| Auxiliary oil 460 V AC Diesel auxiliary No power; Increased probability that --

pump Board B circuit open diesel Generator D will not
start as required

. Lube oil heater 480 V AC Diesel auxiliary No power to board; Increased probability that --

| Board B circuit open diesel Generator A will not
start as required

,

I

Start air 480 V AC Diesel auxiliary No power to board; If both AC and DC sources to If both A and B compressors fail
4

| Compressor B Board B circuit open Compressor B f ail, the com- and the air flasks are empty,
i pressor cannot start the diesel the diesel generator will not

j start

I
125 V DC -- No power; -- --

circuit open

:!
.

!
*

,

Y
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T ABLE B- 58. (Continued)

Failure Mode of Local affects on

Component Supporting System Interface Support System Front-Line System Benarks

Standby AC Power--Diesel Generator 3A

125 V DC battery 480 V AC Board 3EA Battery Charger A No power to board; Loss of diesel Generator 3A --

circuit open control power only if both
480 V AC support systems and
the battery are unavailable

480 V AC Board 3FB Battery Charger B No power to board; -- --

circuit open

Start air 480 V AC Diesel auxiliary No power to board; Compressor A cannot be used to Does not fall; the diesel

Compressor A Board 3EA circuit open start diesel Generator 3A Generator 5 compressor of air
flaske may be used to start
diesel generator

Engine cooler EECW -- Insufficient EECW Diesel Generator 3A not cooled --

and will not continue to run

Auxiliary oil 480 V AC Diesel auxiliary No power; Increased probability that --

ed pump Board 3EA circuit open diesel Cenerator 3A will not
d3 start as required

J

LJ Lube oil heater 480 V AC Diesel auxiliary No power to board; Increased probability that --

Board 3EA circuit open diesel Generator 3A will not
start as required

Start air 480 V AC Diesel auxiliary No power to boerd; If both AC and DC sources to If both A and B compressors fail

Compressor B Board 3EB circuit open Compressor B f ail, the com- and the air flasks are empty,
pressor cannot start the diesel the diesel generator will not

start

125 V DC -- No power; -- --

circuit open

Standby AC Power--Diesel Generator 3B

125 V DC battery 480 V AC Board 3EA Battery Charger A No power to board; Loss of diesel Generator 38 --

circuit open control power only if both
480 V AC support systems and
the battery are unavailable

480 V AC Board 3IB Battery Charger B No power to board; -- --

circuit open

- -
_ _ _ _ - - _ - - - _ _ - _ _ _ ,
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TABLE B-58. (continued) [3

l

! Failure Mode of local Effects on
Component Supporting System Interface Support System Front-line System Benarks

s

i

!
Standby AC Power--Diesel Cenerator 38 (continued)

t

1

j Start air 480 V AC Diesel auxiliary No power to board; Compressor A cannot be used to Does not fail; the diesel

Compressor A Board 3EA circuit open start diesel Generator 3B Cenerator 5 compressor or air
flasks may be used to start

] diesel generator
i

? Engine cooler EECW -- Insufficient EECW Diesel Generator 3B not cooled --

I and will not continue to ren

Auxiliary oil 480 V AC Diesel auxiliary No power; Increased probability that --

pump Board 3EA circuit open diesel Generator 3B will not
,

start as required

Lube oil heater 480 V AC Diesel auxiliary No power to board; Increased probability that --
,<

Board 3EA circuit open diesel Generator 3B will not
,

start as required

Start air 480 V AC Diesel auxiliary No power to board; If both AC and DC sources to If both A and B compressors fail
.

Ef Compressor B Board 3EB circuit open Compressor B f ail, the com- and the air flasks are empty,

sa pressor cannot start the diesel the diesel generator will not
d start

't-a

125 V DC -- No power; -- --

circuit open

u

I Standby AC Power--Diesel Cenerator 3C

125 V DC battery 480 V AC Board 3EA Battery Charger A No power to board; Loss of diesel Generator 3C --

! circuit open control power only if both

l 480 V AC support systems and
a the battery are unavailable

480 V AC Board 3BA Battery Charger B No power to board; - --

circuit open

Start air 480 V AC Diesel auxiliary No power to board; Compressor A cannot be used to Does not fall; the diesel

; Compressor A Board 3EA circuit open start diesel Generator 3C Generator B compressor or air
1

fleeks may be used to start
diesel generator

Engine cooler EECW -- Insufficient EECW Diesel Generator 3C mot cooled --

and will not continue to run

Auxiliary oit 480 V AC Diesel auxiliary No power; Increased probability that --,

Board 3EB circuit open diesel Generator 3C will notpump
start as required

*
t

4

9 O a

,-
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TABLE B-58. (Continued)

Failure Mode of Local Effects on

component Supportina sjstem Interface support System Front-Line System Bemarks

Standby AC Power--Diesel Cenerator 3C (continued)

Lute oil heater 480 V AC Diesel auxiliary No power to board; Increased probability that --

Board 3EB circuit open diesel Generator 3C will not
start as required

Start air 480 V AC Diesel auxiliary No powe r t o boa rd ; If both AC and DC sources to If both A and B compressors fail
Compressor B Board 3EB circuit open Compressor B f ail, the com- and the air flasks are empty,

pressor cannot start the diesel the diesel generator will not
start

125 V DC -- No power; -- --

circuit open

Standby AC Power--Diesel Generator 3D

125 V DC battery 480 V AC Board 3EA Battery Charger A No power to board; Loss of diesel Generator 3C --

circuit open control power only if both
480 V AC support systems and

ea
I the battery are unavailable

N

[ 480 V AC Board 3EB Battery Charger B No power to board; -- --

circuit open

Start air 480 V AC Diesel auxiliary No power to board; Compressor A cannot be used to Does not fail; the diesel

Compressor A Board 3EA circuit open start diesel Generator 3C Cenerator B compressor or air
flaske may be used to start
diesel generator

Engine cooler EECW -- Insufficient EECW Diesel Generator 3D not cooled --

and will not continue to run

Auxiliary oil 480 V AC Diesel auxiliary No power; Increased probability that --

pump Board 3EB circuit open diesel Generator 3D will not
start as required

Lube oil heater 480 V AC Diesel auxiliary No power to board; Increased probability that --

Board 3EB circuit open diesel Generator 3D will not
start as required

Start air 480 V AC Diesel auxiliary No power to board; If both AC and DC sources to If both A and B compressors fail
Compressor B Board 3EB circuit open Compressor B f ail, the com- and the air flasks are empty,

pressor cannot start the diesel the diesel generator will not
start

125 V DC -- No power; -- --

circuit open

. _ . .

__
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TABLE E-56. (continued)
)

{

Failure Mode of Local Effects on
Component Supporting System Interface support System Front-Line System Remarks

250 V DC System

Plant Battery 1 480 V SD-BD-1 A Battery Charger 1 -- Battery Chargers 1 and 25 can --

charge Battery 1; should both
480 V SD-BD-25 Battery Charger 25 -- of these fail, the loads on

battery Board I will be powered
by the battery

1

Plant Battery 2 480 V SD-BD-2A Battery Charger 2A -- Battery Chargers 2A and 2B can --

charge Battery 1; should both
480 V SD-BD-28 Battery Charger 28 -- of these fait, the loada on

battery Board 2 will be powered
by the battery

Plant Battery 3 480 V SD-BD-3A Battery Charger 3 -- Battery Chargers 3A and 2B can --

charge Battery 1; should both
480 V SD-BD-2B Battery Charger 25 -- of these fail, the loads on

battery Board 3 will be powered
by the battery

ec Plant Battery 4 480 V SD-BD-3B Battery Charger 3B ~~ Battery Chargers 3B and 28 can --

y, charge Battery 1; should both

480 V SD-BD-2B Battery Charger 28 -- of these fail, the loads on-a
ch battery Board 4 will be powered

i by the battery

Control Battery A 480 V RMOV-1A Battery Charger SB-A 480 V BD unavailable Battery will not recharge; the Battery Board 2 is alternate
j battery is rated for 3 hours source of power

| control Battery B 480 V RMOV-2A Battery Charger SB-B Same as above Same as above Battery Board 2 is alternate .

!
i source of power
I

Control Battery C 480 V RMOV-1B Battery Charger SB-C Same as above Same as above Battery Board 1 is alternate
source of power

i Control Battery D 480 V RMOV-2B Battery Charger SB-D Same as above Same as above Battery Board 3 is alternate
I source of power

| Room exhaust 480 V RMOV-1A -- No power to boarl The effects and the time needed --

'

Fan lA to affect the effects of fan
' f ailure, or combinations

thereof, is not known

Room exhaust 480 V RMOV-1B -- Same as above Same as above --

l Fan IB

| Room supply 480 V RMOV-1A -- Same as above same as above --

Fan IA'

i

l
i Room supply 480 V RMOV-15 -- Same as above Same as above --

i Fan IB

!

i

!
i

)
,

I e * *- ,

!
i
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TABLE B-59. EPS BREAKER INTERLOCK AND CONTROL DESCRIPTION

Breaker
Number Description Control Features

,

1614 Offsite power to Shutdown Normally closed breaker; if
Board A open, will close if other off-

site power source lost and power
is available to 1614 (1716 musti

,

be open)
|

| 1716 Offsite power to Shutdown Normally open breaker; shuts
j Board A if normal offsite power lost and

power is available to 1716
(1614 must be open)

f 1818 Diesel Generator A to Shutdown Closes on loss of voltage on

j Board A Shutdown Board A if diesel is
running and all other supply
breakers to Shutdown Board A are
open (1614, 1716, and 1824)

1824 Shutdown Boards 3EA to A Manually operated; must have all
other supply breakers to;

Shutdown Board A open
i

1616 Offsite power to Shutdown Similar to 1614'

Board B

| 1714 Offsite power to Shutdown Similar to 1716
Board B

i

1822 Diesel Generator B to Shutdown Similar to 1818
Board B

1828 shutdown Boards 3EB to B Similar to 1824

1624 Offsite power to Shutdown Similar to 1614
,

Board C

1718 Offsite power to Shutdown similar to 1716
Board C-

1812 Diesel Generator C to Shutdown Similar to 1818
Board C

i

|

* 1814 Shutdown Boards 3EC to C Similar to 1824

|
1618 Offsite power to Shutdown Similar to 1614

Board D

! 1724 Offsite power to Shutdown similar to 1716

Board D
!
!

B-277 1
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TABLE B-59. (continued)

Breaker
Number Description Control Features

.

1816 Diesel Generator D to Shutdown Similar to 1818
Board D

1826 Shutdown Boards 3ED to D Similar to 1824
.

1334 Offsite power to Shutdown Similar to 1614
Board 3EA

1726 Offsite power to Shutdown Similar to 1716
Board 3EA

1844 Diesel Generator 3A to Shutdown Similar to 1818
Board 3EA

1838 Shutdown Boards 3EA to A Similar to 1824

1336 offsite power to shutdown similar to 1614

Board 3EB

1728 Offsite power to Shutdown Similar to 1716

Board 3EB

1848 Diesel Generator 3B to Shutdown Similar to 1818

Board 3EB

1842 Shutdown Boards 3B to 3EC Similar to 1824

1338 offsite power to Shutdown Similar to 1614
Board 3EC

1626 Offsite power to Shutdown Similar to 1716

Board 3EC

lh34 Diesel Generator 3C to Shutdown Similar to 1818

Board 3EC

1832 Shutdown Boards 3C to 3EC Similar to 1824 ,

1342 Offsite power to Shutdown Similar to 1614

Board 3ED

1628 Ofisite power to Shutdown similar to 1716 ,

Board 3ED

1846 Diesel Generator 3D to Shutdown Similar to 1816

Board 3ED

183t Shutdown Boards 3ED to D Similar to 1824
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TABLE B-59. (continued)
|

|

Breaker
Number Description Control Features

.

001A Shutdown Board A to Normally closed breaker
Transformer TSIA

002A Transformer TSIA to Shutdown Normally closed; interlocked
* Board SIA with 003A so that both cannot be

closed at same time

003A Transformer TSIE to Shutdown Normally open; interlocked
Board SIA with 002A '

001B Shutdown Board B to Similar to 001A
Transformer TSIE

001C Shutdown Board C to Similar to 001A

Transformer TSIB

002B Transformer TSlB to Shutdown Similar to 002A
Board SIB

003B Transformer TSIE to Shutdown Similar to 003A
Board SlB

061B Shutdown Board 2 to Similar to 001A
Trans f ormer TS2A

062A Transformer TS2A to Shutdown Similar to 002A
Board S2A

063A Transformer TS2E to Shutdown Similar to 003A
Board S2A

061D Shutdown Board D to Similar to 001A
Transformer TS2B

062B Transf ormer TS2B to Shutdown Similar to 002A
Board S2B

*
063B Transformer TS2E to Shutdewn Similar to 003A

Board S2B

061C Shutdown Board C to Similar to 001B
Transformer TS2E

,

071A Shutdown Board 3EA to Similar to 001A
Trans former TS3A

072A Transformer TS3A to Shutdown Similar to 002A
Loard S3A
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TABLE B-59. (continued)

Breaker
Number Description Control Features

073A Transformer TS3E to Shutdown similar to 003A *

Board S3A

071B Shutdown Board 3EB to similar to 001B

Transformer TS3E
.

071C Shutdown Board 3EC to Similar to 001A

Transformer TS3B

072B Transformer TS3B to Shutdown Similar to 002A

Board S3B

073B Transformer TS3E to Shutdown Similar to 003A
Board S3B

081A Shutdown Board A to Similar to 001A
Transformer TDA

082A Transf ormer TDA to Diesel Similar to 002A
Auxiliary A

083A Transformer TDE to Diesel Similar to 003A
Auxiliary A

081D Shutdown Board D to Similar to 001A
Transformer TDB

082D 1ransformer TDB to Diesel Similar to 002A
Auxiliary B

083B Transformer TDE to Diesel Similar to 003A
Auxiliary B

004A Shutdown Board A to AC RMOV 1A Normally closed breaker

Olla AC RMOV 1A normal input Normally closed; interlocked
with 012A

.

004B Shutdown Board SIB to AC Similar to 004A

RMOV 1A

012A AC RMOV 1A alternate scurce Iormally open; interlocked with
Olla .

005B Shutdown Board SIB to AC Similar to 004A
RMOV IB

OllB AC RMOV IB normal scurce Similar to Olla

B-280
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TABLE B-59. (continued)>

a

Breaker
Number Description Control Features

e

005A Shutdown Board SIA to AC Similar to 004A
RMOV IB

012B AC RMOV SlB to alternate source Similar to 012A,

*
,

006B Shutdown Board S1B to AC Similar to 004A
RMOV 1C

011C AC RMOV IC normal source Similar to 011A

006A Shutdown Board SIA to AC Similar to 004A
RMOV IC

012C AC RMOV 1C alternate source Similar to 012A

007A Shutdown Board S1A to Motor Similar to 004A
Generator IDN

j OllD Motor Generator IDN to AC Normally closed; if open will
RMOV 1D auto-close on loss of voltage on

RMOV 1D if 012D open

Automatic return to normal
supply provided 012D opens

007B Shutdown Board SIB to Motor Similar to 004A
Generator IDA,

i
"

012D Motor Generator IDA to AC Normally open; auto-close on
RMOV ID loss of voltage on RMOV 1D and

OllD open, auto-opens when nor-
mal power (Motor Generator 1DN)
available

'

008B Shutdown Board SIB to Motor Similar to 004A
Generator IEN

*
OllE Motor Generator IEN to AC Similar to OllD

RMOV IE

008A Shutdown Board SIA to Motor Similar to 004Aj

Generator IEA

012E Motor Generator IEA to AC Similar to 012D
i RMOV IE
,

041A Shutdown Board 1A to Battery Normally closed; interlock with

] Charger 1 0511

B-281
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TABLE B-59. (continued)

Breaker
Number Description Control Features

*
0511 Offsite power to Battery Normally open; interlock with

Charger 1 041A

042A Shutdown Board 1A to Battery Similar to 041A
Charger 2A

.

052A Offsite power to Battery Similar to 0511
Charger 2A

042B Shutdown Board 2B to Battery Similar to 041A
Charger 2B

052B offsite power to Battery Similar to 0511

Charger 2B

043A Shutdown Board 3A to Battery Similar to 041A
Charger 3

0531 offsite power to Battery similar to 0511
Charger 3

0211 Battery 1 to Battery Board 1 Normally closed; manual breaker

0221 Battery Board 1 normal source Sirnilar to 0211

0241 Battery Charger 1 to Battery Similar to 0211

Board 1

0231 Battery Board I alternate Normally open; mariual breaker
source

0251 Battery Charger 2B to Battery Similar to 0211

Board 1

0212 Battery 2 to Battery Board 2 Similar to 0211

0222 Battery Board 2 normal source Similar to 0211
.

0242 Battery Charger 2A to Battery Similar to 0211

Board 2

0232 Battery Board 2 alternate Similar to 0231
-

i source

0252 Battery Charger 2B to Battery Similar to 0211

Boa rd 2

f 0213 Battery 3 to Battery Board 3 Similar to 0211

B-282
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TABLE B-59. (continued)

Breaker
Number Description Control Features

.

0223 Battery Board 3 normal source Similar to 0211

0243 Battely Charger 3 to Battery Similar to 0211
Board 3

.

0233 Battery Board 3 alternate Similar to 0231
sou rce

0253 Battery Charger 2B to Battery Similar to 0211
Board 3

0261 Battery Board 1 to DC RMOV 1A Similar to 0211

0272 Battery Board 2 to DC RMOV 1A Similar to 0211

031A DC RMOV 1A normal source Normally closed; interlock with
032A

032A DC RMOV 1A alternate source Normally open; interlock with
031A

0263 Battery Board 3 to DC RMOV 1B Similar to 0211

0271 Battery Board 1 to DC RMOV 1B Similar to 0211

031B DC RMOV 1B normal source Similar to 031A

032B DC RMOV 1B alternate source Similar to 032A

0262 Battery Board 2 to DC RMOV IC Similar to 0211

0281 Battery Board 1 to DC RMOV IC Similar to 0211

031C DC RMOV 1C normal source Similar to 0?lA

032C DC RMOV 1C alternate source Similar to 032A

.

8
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1/W1 E E - t; 0 . EPS TEST REQUIPEMENTS SUMMARY

Components Aligned Away
Test from Engineered Expected

Component Type of Procedure Safeguards Test Expected Test

Un de r go_i n g Test __ Test Number Position for Test Frequency Outage Time Remark s

Diesel Generators
15 min

E = 43200 minCoded ADLSilAJ Kanual start SI 4.9.A.I.a In each of these tests the Once every 15 min
and load auto-start logic (output month-

breaker auto-close) is over- was used in trees (ADLSilAJ,a

Auto-start SI 4.9.A.l.b ridden and the diesel is Once every 15 min etc.) even though the oper-*

A DLSI 3 DJ in tault and load started and warmed up manually operating ator is at the diesel and in

trees accident (requires 15 min); then the cycle communication with the con-
auto-start logic is reset and trol room so that auto-start

common acci- SI 4.9.A.3.a the test is performed Once every 15 min could be immediately
dent signal b months restored if required

Undervoltage SI 4.9.A.4.a Once every 15 min
start SI 4.9. A.4.b 6 months

Once every 15 min

] 6 months
*a
jf Station Batteries

Coded BBYoollJ Discharge S I 4.9. A.2.c All loads on the battery board Once every 7 days Outage based on maximum
EBY0012J test associated with the tested 2 years allowable reactor operating
BBY0013J battery are first transferred time with battery OOC per

in fault trees to the alternate supply, they technical specifications
are transferred back af ter

- 7 days
the test A

(365 day /yr)(2 yr)

A = 0.0096

*e * .
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Every 6 months the common accident signal and undervoltage signal" start, ,
tests are performed. As before, the diesel auto-initiation,is bypassed for

'

15 min. . Then the auto-start circuitry is tested by manually._ actuating var-
ious relays to cause the diesel,to automatically start. Only one diesel is
tested at a time during reactor operation.

.
.

Once every operating cycle (18 months) the diesel is tested for auto-
'

matic starting and load acceptance of normal emergency loads. ?As before,
the diesel is manually warmed up for 15 min during this test. Although this

; test is usually performed during shutdown periods, there'are no procedural
* requirements prohibiting performance.when the reactor is operating. The

calculated unavailability assumes the test is done during reactor operation.

The station batteries undergo discharge testing biannually. Only one
battery may be made inoperable at a time. All loads on the battery board
served by the tested battery are shifted to their alternate supply. A test
resistor bank is installed on the battery board and the discharge test is>

run. Upon completion of the test, the operator returns the normal loads to
~

1 their preferred supply. Although this test is normally conducted during
| shutdown periods, there are no procedures prohibiting testing during reactor

operation. The technical specifications allow one battery board to be
inoperable for no more than 7 days. The calculated unavailability is based
on an outage time of 7 dcys every 2 years.

.

Maintenance. Table B-61 lists those scheduled maintenance items that
cause components of the EPS to be inoperable. It also shows the frequency

' and duration, for these items.

I Once every year, each diesel generator undergoes an inspection that
.

~

requires 8 to 12 hours to complete. The diesel is made unavailable due to
partial disassembly necessary to make the inspection. Only one diesel at a

i

TABLE B-61. EPS MAINTENANCE ACTS SUMMARY

! Maintenance Instruction
Requirement Number Frequency Duration Remarks

Diesel SI 4.9.A.l.d Every year 8 to 12 hr One diesel generator
generator at a time
inspection

,

:
1 =
' Clean Every year 8 to 12 hr One diesel generator

diesel at a timer

1
j generator

coolers
.

Change Every year 1 to 2 hr One diesel generator
diesel at a time

! generator
j governor

oil

1
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time may be inoperable if the reactor is operating. This maintenance is
usually done during shutdown periods, but the calculated unavailability
assumes the reactor is operating during performance of the maintenance.

Once every year, the diesel engine coolers are disassembled and
cleaned. This action requires 8_to 12 hours to complete. Only one diesel
may be inoperable during reactor operation. The calculated unavailability *

assumes the maintenance is dcne durinF reactor operation as previously
discussed.

Once every year, the diesel governor oil is changed. This change
*

requires 1 to 2 hours. Only one diesel is made inoperable at a time. The
calculated unavailability assumptions are the same as noted before.

The unavailability number used in the fault trees assumes that these
tests are done separately and that the maximum duration is required.
Therefore, the outage tine is 26 hours out of every 8760 hours, or an
unavailability equal to 0.00297.

Technical Specification Limitations. The reactor cannot be started
unless all four diesel generators for Units 1 and 2 are operable. Under
certain conditions, the reactor may be started if only three diesels are
operable. In that case, the reactor must already be in hot shutdown condi-
tion; an additional 161-kV line and transformer must be available to supply
the shutdown huses; and at least one 500-kV line backfeeding through the
Unit 2 main and station transformers must be available to provide auxiliary
power to the shutdown buses.

If one diesel is inoperable, reactor operation may continue for 7 days,
provided that both offsite 161-kV lines and both common station transformers
a re available and that all of the core spray, RHR, and remaining three
diesels are operable. Otherwise, the reactor must be in cold shutdown
condition within 24 hours.

3.1.3 System Operation

Normal operation of toe EPS requires no operator action to supply power
for the normal or emergency loads. During abnormal conditions, operator
action may or may not be required, depending on which bus was affected.

The 4160 V shutdown boards automatically transfer from one offsite
source to their alternate on loss of voltage. Loss of voltage on both
sources causes an automatic starting and loading of the diesel for that bus.

.

The 480 V shutdown boards, 480 V RMOV Boards IA, Ib, and IC, and 480 V
diesel auxiliary Boards A and B do not automatically transfer from their
normal to their alternate supplies. The buses are alarmed and the operator
t rans f ers these huses to their alternate source. The 480 V RMOV Boards lE
and ID automatically transfer frem their principal to thei r alternate .

supplies.

The 250 V DC system has no automatic transfers of buses from one supply
to another. However, the battery board and 250 V Dc RMOV hoards are alarmed
and the operator transfers power supplies to these buses.
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| Each battery board normally operates with: power from a battery charger.
) Each board also has a battery for automatic operation in the event of AC

failure or battery charger faults. Each battery board may also be supplied ,

f rom a spare charger shared by all three boards. All battery charger ,,

operations are done manually.
'e

The diesel generators automatically start on an accident signal or
! upon loss of voltage on the shutdown boards. However, the diesel output
i breaker will not shut automatically unless the shutdown board has an under-
'

voltage condition, the normal supply breakers are open, and the diesel is
running.4 .

3.1.4 Fault Tree

I Figure B-31 shows the fault trees for the EPSs. Each bus that inter

faces with a front-line or support system has a fault tree. Parts 1 through.
21 of Figure B-31 show the fault trees for various AC buses, while Parts 22 ;

through 31 show fault trees for the DC system components. The 4160 V shut-y

down boards appear in Parts 1 1. cough 8, while the 480 V shutdown boards '

appear in Parts 9 through 14. li.e remaining 480 V AC boards are shown in
Parts 15 through 21. Parts 22 through 25 are fault trees for the battery

1 chargers. Battery board fault trees appear in Parts 26 through 28, while
9

i DC RMOV board fault trees are in Parts 29 through 31.

In general, each fault tree has two parts. One part lists the local
f aults for the bus such as shorts or grounds. The remainder of the tree

- deals with faults in buses on components supplying that bus. For transfers
1from within the EPSs, the transfer device has an alphanumeric code and a 1

'
'

part number. For transfers from other systems, the transfer device has an
; alphanumeric code and the figure number and figure part number of the other

system.

For AC breakers using 250 V DC control power, a single event appearsd

in the fault tree for control power faults. Each shutdown board uses a.

! 250 V DC control power bus for control of all breakers associated with that
board. The control power bus is supplied from one of two 250 V DC buses,

j both of which are supplied by a battery and one of two battery chargers.
Eince faults of the control power bus of any shutdown board are orders of
magnitude more probable than the loss of all the supplies to the bus and

i since there are no common mode failures of significance between control
power buses for different boards, no fault tree appears for the loss of
control power to these breakers. Instead, a single event is used to desig-,

nate loss of control power. All breakers on a shutdown board share thist ,

event.

Each diesel has a separate and independent control circuit from the
I other diesels. However, in the fault tree summary sheet, no accident

signals appear under the initiation faults. As mentioned before in the,

previous section, " System Operation," the output breaker for the diesel
,

J will not close unless its shutdown board has an undervoltage condition.
Since this same signal also starts the diesel, any other start signals,'

such as accident signals, are repetitive. When reduced in a Boolean manner,
] these other signals, provide no contribution to the diesel unavailability
,

'
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1 since they are not members of a minimal cut set; therefore, they do not
appear in the fault tree. The undervoltage signal does appear separately
from other control circuit faults.

Success / Failure Criteria. There are no success / failure criteria for
a the EPS as a whole. Instead, each bus that interfaces with a front-line or

support system appears in the fault trees. Failure is defined as insuf-
ficient power at the bus to supply its loads. In general, this criteria
divides into two parts: local bus faults and power supply faults.

Only those buses that interface with mitigating systems appear in the! 4

fault trees. Additionally, those buses that can only be supplied from off-
site power (i.e. , have no diesel generator backup) are not modeled. The
event "No offsite power" appears in the front-line and support system-trees

! for those buses. For non-loss-of-offsite power initiators the probability
of losing offsite power subsequently appears in the trees. For the loss-of-

! offsite power transient, the value for this event is 1.0.

Major Assumptions. The following major assumptions were used in the
construction of the EPS fault trees.

|

1. Only those breakers that are required to operate (change position)
; appear in the tree. Normally closed or open breakers that do not

need to operate, and/or are not caused to operate by their control
circuitry, do not appear in the fault trees.

2. Operator interfaces in the fault trees differ depending on the
nature of the control circuitry. If manual operation is required,
the operator is included only if there exists a procedure direct-

/ ing him to take some action. Otherwise, no credit for operator "

| action appears.

! Basic Events. The information associated with the various basic events
i listed in the fault tree is summarized in the EPS fault summary short form,
{ Table B-62. In addition, the failure data associated with these basic
'

events is summarized in Table B-63. Tables B-64 through B-69 list the
j dominant contributors to the various EPS bus unavailabilities.
!

!

!

I

l *

!

!

i -

I h

}

!

}
i

!
1
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TABLE B-62. EPS FAULT SUMMARY SHORT FORM

Primary Failure

Fault

Event Failure Failure Duration Error

Name Event Component Mode Rate (br) Factor

ABSOOlAB Shutdown Board A Open 3E-8/hr 7 10
circuit

ABSOOlAC Shutdown Board A Short to 3E-7/hr 7 10
ground

ACBblbAN Circuit Breaker 1818 Does not IE-3/D - 3

Diesel A to shutdown close

Board A
T
y A DC001 AV Shutdown Board A DC Does not IE-6/hr 7 3
~

continuous power energize

ALKblbAG Circuit Breaker 1818 No output 2.9E-3 -- 10

continuous circuit

ACKlOOAG Shutdown Board A No output 2.9E-3 -- 10
undervoltage circuit

A DLOO l AR Diesel A Does not 3E-2/D -- 3

start

ADLOOlAS Diesel A Does not 3E-4/hr 8 10
run

ADLOOlAW Diesel A Loss of IE-6/hr 8 10
function

ADCollAV Diesel A continuous power Does not IE-6/hr 7 3

energize

p * **
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TABLE B-62. (continued)

Primary Failure

Fault
Event Failure Failure Duration Error
Name Event Component Mode Rate (br) Factor

ADLOOlAJ Diesel A Maintenance 2.9E-3 -- 0

ADLSIIAJ Diesel A Test 3.5E-4 -- 0,

ABS 001BB Shutdown Board B Open 3E-8/hr 7 10
circuit

ABS 001BC Shutdown Board B Short to 3E-7/hr 7 10
ground

T
d ACBb22BN Circuit Breaker 1822 Does not 1E-3/D -- 3

Diesel B to shutdown Board B close~

ADC001BV Shutdown Board B continuous Does not IE-6/hr 7 3

power energize

ACKb22BG Circuit Breaker 1822 No outy,t 2.9E-3 -- 10
continuous circuit

ACK100BG Shutdown Board B No out put 2.9E-3 -- 10
undervoltage circuit

ADLOOlBR Diesel B Does not 3E-2/D -- 3
start

ADLOOlBS Diesel B Does not 3E-4/hr 8 10
run

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



TABLE B-62. (continued)

Primary Failure

Fault

Event Failure Failure Duration Error

Name Event Component Mode Rate (hr) Factor

AtLOOlhK Diesel B Loss of IE-6/hr 8 10

function

ADC011BV Diesel B continuous power Does not IE-6/hr 7 3

energize

ADLOOlBJ Diesel B Maintenance 2.9E-3 -- 0

ADLSI l BJ Diesel B Test 3.5E-4 -- 0
~

?
d ABS 001CB Shutdown Board C Open 3E-8/hr 7 10

circuit" ' '

ABS 001CC Shutdown Board C Short to 3E-7/hr 7 10

ground

ALB812CN Circuit Breaker 1812 Does not IE-3/D -- 3

Diesel C to shutdown Board C close

ADC001CV Shutdewn Board C continuous Does not IE-6/hr 7 3

power energize

ACK812CG Circuit Breaker 1812 No output 2.9E-3 -- 10

continuous circuit

ACK100CG Shutdown Board C No output 2.9E-3 -- 10

undervoltage circuit

o # s*

+
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1ABLE B-62. (continued)

Primary Failure

Fault

Event Failure Failure Duration Error

Nace Event Component Mode Rate (hr) Factor

ADLOOlCR Diesel C Does not 3E-2/D -- 3

start

ADLOOlCS Does not 3E-4/hr 8 10

run

ADLOOlCW Loss of IE-6/hr 8 10

function

2

4 ADLOOlCJ Maintenance 2.9E-3 -- 0

m

ADLS 11CJ Test 3.5E-4 -- 0

ADCOllCV Diesel C continuous power Does not lE-6/hr 7 3

energize

ABS 001DB Shutdown Board D Open 3E-8/hr 7 10

circuit

ABS 001DC Shutdown Board D Short to 3E-7/hr 7 10

ground

ACB816DN C i rc u i t Breaker 1816 Does not IE-3/D -- 3

Diesel D to shutdown Board D close

ADC001DV Shutdown Board D continuous Does not IE-6/hr 7 3

power energize

|
!

!

|
_ _ _ _
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| TABLE B-62. (continued)
!
I Primary Failure *

i

|

| Fault

I Event Failure Failure Duration Error

| Name Event Component Mode Rate (hr) Factor
1

1 10
i ACKbl6DC Circuit Breaker 1816 No output 2.9E-3 --

! continuous circuit

10ACK100DG Shutdown Board D No output 2.9E-3 --

'

undervoltage circuit

i

ADLOGIDR Diesel D Does not 3E-2/D -- 3

start
I

T ADLO0lDS Diesel D Does not 3E-4/hr .8 10
I M run
! O
i
j ADLOOlDW Diesel D Loss of IE-6/hr 8 10

function'

ADCollDV Diesel D continuous power Does not lE-6/hr 7 3
.

; energize

i

j ADL001DJ Diesel D Maintenance 2.9E-3 -- -0

0
| ADLSIIDJ Diesel D Test 3.5E-4 --

ABS 003AB Shutdown Board 3EA Open 3E-8/hr 7 10
,

circuit
1

ABS 003AC Shutdown Board 3EA Short to 3E-7/hr 7 10
ground

,

9

h * # o ,

|

|
, . _ .
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TABLE B-62. (continued)

.

Primary Failure

Fault

Event Failure Failure Duration Error

Name Event Component Mode Rate (hr) Factor

3ACB838AN Circuit Breaker 1838 Does not IE-3/D -

Diesel 3A to shutdown close

! Board 3EA
i

ADC003AV Shutdown Board 3EA Does not IE-6/hr 7 3

continuous power energize

ACK636AG Circuit Breaker 1838 No output 2.9E-3 -- 10

continuous circuit
T

10N$ ALK300AG Shutdown Board 3EA No output 2.9E-3 -

#
undervoltage circuit

ADLOO3AR Diesel 3A Does not 3E-2/D -- 3

start

! ADLOO3AS Diesel 3A Does not 3E-4/hr 8 10

run

ADLOO3AW Diesel 3A Loss of IE-6/hr 8 10

function

ADC013AV Diesel 3A continuous power Does not IE-6/hr 7 3

energize

' ADL003AJ Diesel 3A Maintenance 2.9E-3 -- 0

ADLS 13AJ Diesel 3A Test 3.5E-4 -- 0

|

I

_ _ _ _ _ _ _ _ .
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table B-62. (continued)

Primary Failure

Fault

Event Failure Failure Duration Error
Name Event Component Mode Rate (br) __ Factor

abs 003BB Shutdown Board 3EB Open 3E-E/hr 7 10
circuit

ABS 003BC Shutdown Board 3EB Short to 3E-7/hr 7 10
ground

ACBb42BN Circuit Breaker 1842 Does not 1E-3/D -- 3

Diesel 3B to shutdown close
Board 3EB

?
d ADC003BV Shutdown Board 3EB Does not lE-6/hr 7 3
# continuous power energize

ACK842BG Circuit Breaker 1842 No output 2.9E-3 -- 10
continuous circuit

ACK300BG Shutdown Board 3EB No output 2.9E-3 -- 10
undervoltage circuit

ADLOO3BR Diesel 3B Does not 3E-2/D -- 3

start

ADLOO3BS Diesel 3b Does not 3E-4/hr 8 10
run

ADLOO3BW Diesel 3B Loss of IE-6/hr 8 10
function

s r ,=
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TABLE B-62. (continued)

Primary Failure

Fault

Failure Failure Duration Error
Event
Name Event Component Mode Rate (br) Factor

ADC013BV Diesel 3B continuous power Does not lE-6/hr 7 3

energize

ADLOO3BJ Diesel 3B Maintenance 2.9E-3 -- 0

ADLSI3BJ Diesel 3B Test 3.5E-4 -- 0

ABS 003CB Shutdown Board 3EC Open 3E-8/hr 7 10

circuit

?
d ABS 003CC Shutdown Board 3EC Short to 3E-7/hr 7 10 .

|

ground"

ACB832CN Circuit Breaker 1832 Does not IE-3/D -- 3 i

Diesel 3C to shutdown close

Board 3EC

ADC003CV Shutdown Board 3EC Does not lE-6/hr 7 3

continuous power energize

ACK832CG Circuit Breaker 1832 No output 2.9E-3 -- 10

continuous circuit j

ACK300CG Shutdown Board 3EC No output 2.9E-3 -- 10

undervoltage circuit

ADLOO3CR Diesel 3C Does not 3E-2/D -- 3

start
i

.
. .. .

' - -
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TABLE B-62. (continued)

Primary Failure

Fault

Event Failure Failure Duration Error

Name Event Component Mode Rate (br) Factor

ADLOO3CS Diesel 3C Does not 3E-4/hr 8 10
run

ADLOO3CW Diesel 3C Loss of IE-6/hr 8 10

function

ADC013CV Diesel 3C continuous power Does not IE-6/hr 7 3

energize ,

0ADLOO3CJ Diesel 3C Maintenance 2.9E-3 --

0" ADLSI3CJ Diesel 3C Test 3.55-4 --

ABS 003DB Shutdown Board 3ED Open 3E-8/hr 7 10

circuit

ABS 003DC Shutdown Board 3ED Short to 3E-7/hr 7 10

ground

3ACB836DN Circuit Breaker 1836 Does not IE-3/D -

Diesel 3D to shutdown close

Board 3ED

ADC003DV Shutdown Board 3ED Does not IE-6/hr 7 3

continuous power energize

10ACK836DG Circuit Breaker 1836 No output 2.93-3 --

continuous circuit

,

b g

1-
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TABLE B-62. (continued)

Primary Failure

Fault

Event Failure Failure Duration Error

Nac.e Event Component Mede Rate (br) Factor

ACK300DG Shutdown Board 3ED No output 2.9E-3 -- 10

undervoltage circuit

ADLOO3DR Diesel 3D Does not 3E-2/D -- 3

start

ADLOO3DS Diesel 3D Does not 3E-4/hr 8 10

run

ADLOO3DW Diesel 3D Loss of IE-6/hr 8 10

functiong

ADC013DV Diesel 3D continuous power Does not IE-6/hr 7 3

energize

ADLOO3DJ Diesel 3D Maintenance 2.9E-3 -- 0

ADLSI3DJ Diesel 3D Test 3.5E-4 -- 0

HOUSELOP Loss of offsite power Offsite 2.7E-5/hr 8 3

power
lost

ABS 002AB Shutdown Board 1A Open 3E-8/hr 7 10

circuit

ABS 002AC Shutdown Board 1A Short to 3E-7/hr 7 10

ground
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TABLE B-62. (continued)
i

Primary Failure

, Fault

] Event Failure Failure Duration Error
i Name Event Component Mode Rate (hr) Factor

AXT001AB Transformer TSIA Open IE-6/hr 7 3
circuit

i AXT001AC Transformer TSIA Short to
ground

AXT001EB Transf ormer TSIE Open
circuit

T AXT001EC Transformer TSIE Short to
ground

ACB003AN Circuit Breaker 0003A Does not IE-3/D --

Transformer TSIE to closei ,

i shutdown Board 1A 4-

!

J ACB003AD Circuit Breaker 0003A Operator lE-3/D -- 10
J Transf ormer TSIE to error

shutdown Board 1A

4 ACK003AG Circuit Breaker 003A No output 2.9E-3 -- 10
I continuous circuit

ADC010AV Shutdown Board 1A Does not IE-6/hr 7 3
I continuous power energize
|
.

I ABS 002BB Shutdown Board IB Open 3E-8/hr 7 10
circuit

,

|

|
'

s * e*
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TABLE B-62. (continued)

Primary Failure

Fault
Event Failure Failure Duration Error
Name Event Component Mode Rate (hr) Factor

ABS 002BC Shutdown Board IB Short to 3E- 7/ h r 7 10
ground

AXT001BB Transformer TSIB Open IE-6/hr 3

circuit

AX1001BC Transformer TSIB Short to
ground

T AXT001EB Trans f ormer TSIE Open

d circuit
-

AXT001EC Transformer TSIE Short to
ground

ACB003BN Circuit Breaker 0038 Does not 1E-3/D --

Transformer TSIE to close
shutdown Board IB

ACB003BD Circuit Breaker 0038 Operator IE-3/D -- 10
Transformer ISIE to error
shutdown Board 1B

ACK003BG Circuit Breaker 003B No output 2.9E-3 -- 10
continuous circuit

ADC010BV Shutdown Board 1B Does not IE-6/hr 7 3
continuous power energize
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TABLE B-62. (continued)'

I

I

Primary Failure
1

I Fault

$ Event Failure Failure Duration Error

; Name Event Component Mode Rate (hr) Factor1
,

i

| ABS 004AB Shutdown Board 2A Open 3E-8/hr 7 10

circuit'

i

! ABS 004AC Shutdown Board 2A Short to '3E-7/hr 10

{ ground
|

AXT002AB Transformer TS2A Open 1E-6/hr 3I

I circuit
!

i m
I d, AXT002AC Transformer TS2A Short to

! h; ground

AXT002EB Transformer TS2E Open {

circuit "

i

i AXT002EC Transformer TS2E Short to
ground

i ACB063AN Circuit Breaker 063A Does not 1E-3/D --

| Transformer TS2E to close
shutdown Board 2A;

1

)
ACB063AD Circuit Breaker 063A Operator 1E-3/D -- 10' .

Transformer TS2E to error

shutdown Board 2Aj

ACK063AG Circuit Breaker 063A No output 2.9E-3 -- 10

i continuous circuit
i

i

1

>

;

|
. , ,-

.
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TABLE B-62. (continued)

Primary Failure

Fault

Event Failure Failure Duration Error

Name Event Component Mode Rate (hr) Factor

ADC020AV Shutdown Board 2A Does not 1E-6/hr 7 3

continuous power energize

ABS 004BB Shutdown Board 2B Open 3E-8/hr 10
circuit

ABS 004BC Shutdown Board 2B Short to 3E-7/hr 10

ground

T AXT002BB Transformer TS2B Open 1E-6/hr 3
" circuitw
u

AXT002BC Trans f ormer TS2B Short to
grourd

AX1002 E B T rans f ormer TS2E Open
circuit

AXTOO2EC Transformer TS2E Short to
ground

ACB063BN Circuit Breaker 063B Does not IE-3/D --

Transformer TS2E to close

shutdown Board 2B

ACB063BD Circuit Breaker 063B Operator lE-3/D -- 10

Transformer TS2E to error
,

shutdown Board 2B

. _ _ _ _ - -
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TABLE B-62. (continued)

Primary Failure

Fault

Event Failure Failure Duration Error'

Name Event Corponent Mode Rate (hr) Factor
.

!

j ACK063BC Circuit Breaker 063B No output 2.9E-3 -- 10
'

j continuous circuit

i
1 ADCO.20BV Shutdown Board 2B Does not 1E-6/hr 7 3

) continuous power energize

! ABS 005AB Shutdown Board 3A Open 3E-8/hr 10

circuit
1

1

I T ABS 005AC Shutdown Board 3A Short to 3E-7/hr 10
u

|
groundu

7
~

AXT003AB Transf ormer TS3A Open IE-6/hr 3

) circuit
-

,

AXT003AC Transf ormer TS3A Short to
ground 7

]

1

.
AX1003EB Transformer TS3E Open

] circuit

i AXT003EC Transformer TS3E Short to

i ground

ACB073AN Circuit Breaker 073A Does not IE-3/D -- '

;

! Transformer TS2E to close
' shutdown Board 3A
!

1
1

1

.i

* * .e
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1ABLE B-62. (continued)

Primary Failure

Fault

Event Failure Failure Duration Error

Name Event Component Mode Rate (br) Factor

ACB073AD Circuit Breaker 073A operator lE-3/D -- 10

Transf ormer TS2E to error
shutdown Board 3A

ACK073AG Circuit Breaker 073A No output 2.9E-3 -- 10

continuous circuit

ADC030AV Shutdown Board 3A Does not lE-6/hr 7 3

continuous power energize
,

O
j ABS 005BB Shutdown Board 3B Open 3E-8/hr 10

ClrCult

ABS 005BC Shutdown Board 3B Short to 3E-7/hr 10

ground

AXT003BB Transformer TS3B open IE-6/hr 3

circuit

AXT003BC Transf ormer TS3B Short to
ground

AXT003EB Transf ormer TS3E Open
circuit

AXT003EC T rans f ormer TS3E Short to
ground



TABLE B-62. (continued)

Primary Failure

Fault

Event Failure Failure Duration Error
Name Event Component Mode Rate (br) Factor

ACB073BN Circuit Breaker 073B Does not IE-3/D -- 3

Transformer TS3E to close

shutdown Board 3B

ACB073BD Circuit Breaker 073B Operator lE-3/D -- 10
Transformer TS3E to error
shutdown Board 3B

ACK073BG Circuit Breaker 073B No output 2.9E-3 -- 10
T continuous circuit
U
# ADCO30BV Shutdown Board 3B Does not lE-6/hr 7 3

continuous power energize

ABS 020AB Diesel auxiliary Board A Open 3E-8/hr 10
circuit

A BS020AC Diesel auxiliary Board A Short to 3E-7/hr 10
ground

AXT00lDB Transformer TDA Open IE-6/hr 3

circuit

AXT001DC Transf ormer TDA Short to IE-6/hr 3

ground

AXT003DB Transformer TDE Open IE-6/hr 3

circuit

g * * e



. .

.
- __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

' .
,

*

TABLE B-62. (continued)

Primary Failure

Fault

Event Failure Failure Duration Error

Name Event Component Mode Rate (br) Factor

AX1003DC Transformer TDE Short to IE-6/hr 7 3

ground
|

|
'

ACB083AN Circuit Breaker 083A Trans- Does not IE-3/D -- 3

former TDE to diesel close

auxiliary Board A

ACB063AD Circuit Breaker 083A Trans- Operator lE-3/D -- 10

former TDE to diesel error

T auxiliary Board A

U
ALK083AG Circuit Breaker 083A No output 2.9E-3 -- 10''

continuous circuit

ADC100DV Diesel auxilitry Board A Does not IE-6/hr 7 3

continuous power energize

ABSO20BB Diesel auxiliary Board B Open 3E-8/hr 10

circuit

ABS 020BC Diesel auxiliary Board B Short to 3E'7/hr 10

ground

AX1002DB Transformer TDB Open IC-6/hr 3

circuit

AXT002DC Transformer TDB Short to IE-6/hr 3'

ground

-

. .. . . _ _ . . .
....

.. . . .
.
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TABLE B-62. (continued)
i

Primary Failure

Fault

Event Failure Failure Duration Error

Name Event Component Mode Rate (br) Factor

AXT003DB Transformer TDE Open IE-6/hr 7 3

circuit

AXTOO3DC Transformer 3DE Short to 1E-6/hr 7 3

ground

ACB083BN Circuit Breaker 083B Trans- Does not lE-3/D -- 3

former TDE to diesel close
auxiliary Board B

T
$ ACB063BD Circuit Breaker 083B Trans- Operator IE-3/D -- 10
" former TDE to diesel error

auxiliary Board B

ACK083BG Circuit Breaker 083B No output 2.9E-3 -- 10
continuous circuit

ADC100DV Diesel auxiliary Board B Does not lE-6/hr 7 3

control power energize

ABS 0iOAB AC RMOV Board 1A Open 3E-8/hr 7 10
circuit

ABS 010AC AC RMOV Board 1A Short to 3E-7/hr 7 10

ground

ACB012AN Circuit Breaker 012A Does not lE-3/D -- 3

close

% 8 s.e
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TABLE B-62. (continued)

Primary Failure

Fault

Event Failure Failure Duration Error

Nane Event Component Mode Rate (hr) Factor

ACB012AD Circuit Breaker 012A Operator IE-3/D -- 10

error

ACK012AC Circuit Breaker 012A No output 2.9E-3 --

continuous circuit

ABS 010BB AC RMOV Board 1B Open 3E-8/hr 7

circuit

T ABS 010BC AC RMOV Board IB Short to 3E-7/hr 7

U ground
e

ACB012BN Circuit Breaker 012B Does not IE-3/D -- 3

close

ACB012BD Circuit Breaker 012B Operator IE-3/D -- 10
error

ACK012BG Circuit Breaker 012B No output 2.9E-3 --

continuous circuit

ABS 010CB AC RMOV Board IC Open 3E-8/hr 7

circuit

ABS 010CC AC RMOV Board 1C Short to 3E-7/hr 7

ground

ACB012CN Circuit Breaker 012C Does not IE-3/D -- 3

close

_



1ABLE B-62. (continued)

Primary Failure

Fault

Event Failure Failure Duration Error

Name Event Component Mode Rate (hr) Factor

ACB012CD Circuit Breaker 012C Operator lE-3/D -- 10
error

ALK012CG Circuit Breaker 012C No output 2.9E-3 --

continuous circuit

ABS 010DB AC RMOV Board ID Open 3E-8/hr 7

circuit

T ABS 010DC AC RMOV Board ID Short to 3E-7/hr
Yd ground
=

AMG001DW Motor Generator IDN Loss of IE-5/hr 3

function

AMG002DW Motor Generator IDA Loss of IE-5/hr 3

function

ACB012DN Circuit Breaker 012D Does not IE-3/D -- 10
close

ACK012DG Circuit Breaker 012D No output 2.9E-3 --

continuous circuit

ABS 010EB AC RMOV Board IE Open 3E-8/hr 7

circuit

ABS 010EC AC RMOV Board IE Short to 3E-7/hr 7

ground

9 9 e&
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TABLE B-62. (continued)

Primary Failure

Fault

Event Failure Failure Duration Error

Name Event Component Mode Rate (hr) Factor

AMGOOlEW Motor Generator IEN Loss of IE-5/hr 7 3

function

AMG002FW Motor Generator IEA Loss of IE-5/hr 7 3

function

ACB012EN Circuit Breaker 012E Does not IE-3/D -- 3

close

T ACK012EG Circuit Breaker 012E No output 2.9E-3 -- 10

$ continuous circuit
-

BBC00llB Battery Charger 1 Open 3E-8/hr 7

circuit

BBC00 llc Battery Charger 1 Short to 3E-7/br 7

ground

BBC00llW Battery Cuarger 1 Loss of 3E-6/hr 7

function

ACB0511N Circuit Breaker 0511 Does not lE-3/D -- 3

close

ACK0511D Circuit Breaker 0511 Operator IE-3/D -- 10
error

BBC002AB Battery Charger 2A Open 3E-8/hr 7 10
circuit

I

l

l
1
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TABLE B-62. (continued)

Primary Failure

Fault

Event Failure Failure Duration Error

Name Event Component Mode Rate (br) Factor

BEC002AC Dattery Charger 2A Short to 3E-7/hr 7 10

ground

BBC002AW Battery Charger 2A Loss of 3E-6/hr 7 10
function

3ACB052AN Circuit Breaker 052A Does not IE-3/D --

close

y ACB052AD Circuit Breaker 052A Operator IE-3 -- 10

errory
to

BBC002BB Battery Charger 2B Open 3E-8/hr 7 10

circuit

BBC002BC Battery Charger 2B Short to 3E-7/hr 7 10

ground

ACB052BN Circuit Breaker 052B Does not IE-3/D -- 3

close

ACb052BD Circuit Breaker 052B operator IE-3/D -- 10

error

BBC002BW Battery Charger 2B Loss of 3E-6/hr 7 10

function

BBC0013B Battery Charger 3 Open 3E-8/hr 7 10

circuit

* a ,4
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TABLE B-62. (continued)

Primary Failure

Fault

Event Failure Failure Duration Error

Name Event Component Mode Rate (hr) Factor

BBC0013C Battery Charger 3 Short to 3E-7/hr 7 10

ground
i
1

ACB0531N Circuit Breaker 0531 Does not IE-3/D -- 3

close

| I

ACB0531D Circuit Breaker 0531 Operator IE-3/D -- 10

error

T BBC0013W Battery Charger 3 1.oss of 3E-6/hr- 7 i

| U function
>

u

EBS0011B Battery Board 1 Opec 3E-8/hr ,

'

circuit<

| i

BBS00 llc battery Board 1 Short to 3E-7/ h r i ' |
t

,

'
ground ,

.

IBBiG011B Battery 1 Open - 33-8/hr -g. , ,

s

!. | ,'
,

' \circuit

BBY0011C Short to 3E-7/hr . 20
''

'

s
,

' '

ground
,

s

BBYOO1IW Loss of 3E-6/hr- 3;

function

LEY 001IJ 'I ce c 9.6fl3 .- , 0
; % '

/

\
*

% &

T % *

-
-

,1_
s. ,

h
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TAhLE B-02. (contir.ued) .

Primary Failure

Fault

Event Failure Failure Duration Error

Nare Event Component Mode Rate (hr) Factor

BCB0231N Circuit Breaker 0231 Does not lE-3/D -- 3

close

BCB0231D Circuit Breaker 0231 Operator IE-3/D -- 10

error

BBS0012B Battery Board 2 Open 3E-8/hr 7

circuit
,

T BBS0012C Battery Board 2 Short to 3E-7/hr
U Fround
v.

BBY0012B Battery 2 Open 3E-8/hr
circuit

BBY0012C Short to 3E-7/hr
ground

BEYOO12W Loss of 3E-6/hr 3

function

0BBY0012J Test 9.6E-3' --

3BCB0232N Circul Breaker 0232 Does not IE-3/D --

close

10BCB0232D Circuit Breaker 0232 Operator IE-3/D --

error

' e ia
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TABLE B-62. (continued)

Primary Failure

Fault

Event Failure Failure Duration Error

Name Event Component Mode Rate (hr) Factor

BBS0013B Battery Board 3 Open 3E-8/hr 7 10
'

circuit

BBS0013C Battery Board 3 Short to 3E-7/hr
ground

BBY0013B Battery 3 Open 3E-8/hr
circuit

T BBY0013C Short to 3E-7/hr
U ground
w

BBY0013W Loss of 3E-6/hr 3

functica ,

Test 9.6E-3 -- 0BBY0013J '

BCB0233N Circuit Breaker 0233 Does not IE-3/D -- 3

close

BCB0233D Circuit Breaker 0233 Operator IE-3/D -- 10
error

BBS002AB DC RMOV Board 1A Open 3E-8/hr 7 10

circuit

BBS002AC DC RMOV Board 1A Short to 3E-7/hr 7 10

ground
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TABLE B-62. (continued)

Primary Failure

Fault

Event Failure Failure Duration Error

Name Event Component Mode Rate (br) Factor

BLB032Ah Circuit Breaker 032A Does not IE-3/D -- 3

close

BCB032AD Circuit Breaker 032A Operator IE-3/D -- 10

crror

BBS002BB DC RMOV Board IB Open 3E-9/hr 7 10
circuit

T BBS002BC DC RMOV Board IB Short to 3E-7/hr 7 10

y ground
a

BCB032bN Circuit Breaker 032B Does not IE-3/D -- 3

close

BCB032BD Circuit Breaker 032B Operator IE-3/D -- 10

error

BBS002CB DC RMOV Board IC Open 3E-8/hr 7 10

circuit

BBS002CC DC RMOV Board IC Short to 3E-7/hr 7 10

ground

BCB032CN Circuit breaker 032C roes not IE-3/D -- 3

close

BCB032CD Circuit Breaker 032C Operator lE-3/D -- 10

error

!

i
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TABLE B-63. EPS FAILURE DATA SUMMARY

Time to Time to Fault
v Detect Repair Duration Time * U availability

'

Tdim
* *

(Code) (Code) D R D R Probability (A) Bemarks

Bus fault (BS) Open circuit 0 7 7 3E-8/h r 2.lE-7 Assumed one tenth of bus short
(B) rate

! Bus fault (BS) Short (C) 0 7 7 3E-7/hr 2.lE-6 Assumed same as wire rate from
' Table C-4

Circuit breaker (CB) Does not close -- -- -- IE-3/D IE-3 From Table C-4
(N)

control circuit (CK) No output (C) -- -- -- -- 2.9E-3 Calculated from generic control
circuit model

Diesel generator (DL) Does not start -- -- -- 3E-2/D 3E-2 From Table C-4
(R)

Diesel generator (DL) Does not run 0 21 8 3E-4/hr 2.4E-3 From Table C-4 (engine only)
(S)

tn
Diesel generator (DL) Loss of 0 21 8 IE-6/hr 8E-6 Estimate for generator

y' function (W) electrical failure rate

w
DC control power Does not 0 7 7 IE-6/br 7E-6 From analysis of control power

energire (V) scheme

Diesel generator (DL) Maintenance -- -- -- -- 2.9E-3 From Table B-61
(J)

Diesel generator (DL) Test (J) -- -- -- -- 3.5E-4 From Table B-60

Loss of offsite power offsite power -- -- -- -- 1 or 2.7E-5/hr Used as a house event when
(HOUSELOP) lost A = 1; otherwise 1 = 2.7E-5/hr

based on EPRI NP-801 data of
3 x 10-2 per year and 8-hr
mission time

Transformer (XT) Open circuit 0 7 7 IE-6/hr 7E-6 From Table C-4
(B)

Transformer (XT) Short (C) 0 7 7 IE-6/hr 7E-6 From Table C-4

Motor generator (MG) Loss of 0 7 7 IE-5/hr 7E-5 Assumed approximately equal to
function (W) motor failure rate of

Table C-4

Battery charger Open circuit 0 7 7 3E-8/hr 2.lE-7 Assumed same as bus faults
(B)

1
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1ABLE B-63. (continued)

Time to Time to Fault
Failure

Detect Repair Duration Time *
Corperent Mode Failure l'nava il,a bili t y

(Code) (Code) D R D* R Probability (A) Remarks
*

Battery charger Short (C) 0 7 7 3E-7/ h r 2.lE-6 Assumed same as bus faults

Battery charger Loss of 0 7 7 3E-6/hr 2.lE-5 From Table C-4
function (W)

Battery open circuit 0 7 7 3E-8/hr 2.1E-7 Assumed same as bus faults
(B)

Short (C) 0 7 7 3E-7/hr 2.lE-6 Assumed same as bus faultsy
u
I- Loss of 0 7 7 3E-6/hr 2.lt-5 From Table C-4 solid state
T function (W) device high power application

Test (J) -- -- -- -- 9.6E-3 From Table 3-60

Operator fails to initiate Operator error -- -- -- IE-3/D lt-3 Estimated based on similar
breaker transfer (D) actioco modeled in other systems

a. If TD=0, then T * Tg if the mission time (8 hr) >Tg. If TD = 0, then T * mission tire (8 br) if mission time <T .g

' # se
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TABLE B-64. EPS CUT SETS
(4160 V Shutdown Board A)(Gate SDA)

I

Importance Potentially

Unavailability (%) Cut Sets Recoverable
.

2.lE-6 53.7 ABS 001AC No

8.2E-7 21.0 HOUSELOP,ADLOOlAR No

5.2E-7 13.5 110USELOP , ADLOOl AJ No

2.lE-7 5.3 ABS 001AB No
,

cumulative 93.5
importance

TABLE B-65. EPS CUT SETS
(480 V AC RMOV Board 1A)(Gate ARIA)

Importance Potentially

Unavailability (%) Cut Sets Recoverable

2.lE-6 90.9 ABS 010AC No

2.lE-7 9.1 ABS 0lOAB No

Cumulative 100.0
importance

TABLE B-66. EPS CUT SETS
(480 V AC RMOV Board ID)(Cate ARID)

Importance Potentially

Unavailability (%) Cut Sets Recoverable

2.lE-6 81.3 ABS 010DC No*

2.lE-7 8.1 ABS 010DB No

2.0E-7 7.9 ACK012DG,AMG001DW No

Cumulative 7.3
importance*

'( B-344
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TABLE B-67. EPS CUT SETS
(250 V DC RMOV Board 1A)(Gate DRIA)

Importance Potentially
Unavailability (%) Cut Sets Recoverable *

2.lE-6 90.9 BBS002AC No
2.lE-7 9.1 BBS002AB No

cumulative 100.0 .

importance

TABLE B-68. EPS CUT SETS
(Diesel Auxiliary Board A)(Gate DA)

Importance Potentially
Unavailability (%) Cut Sets Recoverable

2.1E-6 87.2 ABS 020AC No
2.lE-7 8.7 ABS 020BC No

Cumulative 95.9
importance

TABLE B-69. EPS CUT SETS
(Shutdown Board A with 10SP)(Cate SDA with LOSP)

Importance Potentially
Unavailability (7) Cut Sets Recoverable

3.0E-2 51.0 ADLOGIAR No

1.9E-2 32.6 ADLOOlAJ No .

2.9E-3 5.0 ACK818AG No
2.9E-3 5.0 ACK100AG No

Cumulative 93.6
s. mpo r t a nc e ,

i
|
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3.2 Residual Heat Removal Service Water System

3.2.1 Purpose

When the reactor has been shut down, either as the result of a scram
or a normal reactor shutdown, a significant amount of heat will still be.

generated in the reactor vessel. Residual heat in the vessel structural
materials and decay heat from fission daughter product decay are the prin-
cipal sources of this heat. Since there are times when the power conversion
system may not be available or cannot be used to remove this heat, another
system must be available to perform this function. The RHR system isa
designed for this purpose. It circulates the reactor coolant or torus water
through the RHR heat exchangers to remove the heat from the coolant or torus
water. The main function of the RHRSW system is to provide adequate cooling
water flow to the RHR heat exchangers, thus providing an adequate heat sink
for the coolant or torus water being pumped through the RHR heat exchangers.

A second purpose of the RHRSW system is to provide a supply of water
for the EECW system. This system supplies cooling water for various auxil-
iary systems and for items of equipment that support shutdown operations.
The EECW system is discussed in Section 3.3.

Finally, the RHRSW system-to-RHR system cross-connection provides added
long-term redundancy to other emergency core cooling and containment cooling
methods. This crosstie can provide long-term reactor core cooling and pri-
mary containment cooling capability irrespective of primary containment
integrity or RHR system operability, so long as a cooling water flow path
exists.

3.2.2 System Configuration

Overall Configuration. The RHRSW system, as considered for this analy-
sis, consists of eight service water pumps, four service water headers,
f our service water heat exchangers, and the associated piping, valves,
controls, and instrumentation.

Figure B-32 is a simplified composite diagram of the RHRSW system.
Since the system consists of four nearly symmetric trains, Figure B-32
illustrates only one of the trains. Each train is identified alphabetically
by the letters A through D, from top to bottom. The component identifica-
tion numbers also use a similar convention. Th a t is, for a specific com-
ponent, the top number represents that component's identification number in
Train A, while each successive identification number, downward, represents

,

the component's identification number in Trains B, C, and D, respectively.
Where the trains are not symmetric a dashed line is used to bound the
asymmetric portion of the train, and an explanation is provided.

There are eight service water pumps associated with the RHRSW system.
* Four pair of pumps are connected to the four RHRSW headers. Each pair is

designed to supply only one header according to the following configuration:

B-351
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|

|

-]p C and D supply headers only

]station '
'

systems
.

RHRSW
pump A1 502 503 HCV 67 88

B1 522 523 HCV-67-89
C1 546 547 FCV-67-49
D1 565 566 FCV-67-48

p------- ----- g D supply header only

i I

So4 [ FCV FCV
I524 V | g ,i Unit 2544 /\ Unit 1 s -- m m

RHR Loop 2 |p | RHR Loop 1'
563

74-101 74-100
|
1

23 57 FCV
y

y; L_____.__ ._______J

y h FCVIntake . ,

station ' HCV [ RHR )
'

q+ gi + . p;ver+ -m i
" '' ' "* ^ '" 1

Q2 Oa
1RHRSV.

506 507 23-31 510 \ B 23-46jpump A2
B2 526 527 23-43 530 C 23-40

C2 542 543 23-37 550 D 23-52

D2 561 562 23-49 569

'= Supply header n'
h = Pipe number n

INEL 21584

Figure B-32. RHRSW system.
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Pump Pair Header

A1, A2 A
B1, B2 B

C1, C2 C

Dl, D2 D,

As Figure B-32 shows, each pump pair supplies only one supply header
and, in turn, each supply header supplies only one Unit 1 RHR heat
exchanger. Each service water pump has the capacity to supply 100% of the
cooling water required by one RHR heat exchanger. No cross-connections,

exist between service water supply headers, but there is a cross-connection
to the EECW system on each t rain. However, for reasons to be discussed in
the following fault tree major assumptions section, this crosstie capability
is only considered during EECW recovery considerations. Pumps and headers
are shared among Units 1, 2, and 3. However, faults in Units 2 and 3 were
not considered for this report.

The D supply header contains piping and valves that cross-connect the
RHRSW system with the RHR system. Although it is only used as a last
resort, this crosstie provides a method of injecting river water directly
into the reactor vessel or primary containment via the RHRSW system and the
residual heat removal piping. In the highly unlikely event that all other
sources of injection water were unavailable, this source could be used to
keep the reactor core covered and the containment cooled. When the RHRSW
system is cross-connected to the RHR system in this manner, the resulting
configuration is referred to as the SBCS system.

The RHRSW pumps are located at the station intake structure. They are
vertical, single stage, turbine-type centrifugal pumps powered by a 400 hp
electric motor. Each pump has a capacity of 4500 gpm at a head of 275 feet.
The RHRSW pumps are powered from the following 4160 V shutdown boards:

Pump Shutdown Board

Al A

A2 A

B1 3EC

B2 C

Cl B

C2 B

D1 3ED

D2 D
.

The cont rol circuit s for the pumps are powered by the following DC control
power sources:

250 V DC Control Basic Event Name
Pump Shutdown Board for Bus in System Fault Tree.

Al A ADC001AV

A2 A ADC001AV
B1 3EC ADC003CV
B2 C ADC001CV
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250 V DC Control Basic Event Name
Pump Shutdown Board for Bus in System Fault Tree

Cl B ADC001BV
C2 B ADC001BV
D1 3EC ADC003DV =

D2 D ADC001DV

Figure B-33 is a simplified diagram that further illustrates the RHRSW/
EECW system power dependencies. The RHR heat exchanger service water outlet
valves are powered from the following 480 V RMOV boards: *

Supply
Header Valve 480 V RMOV Board

A FCV-23-34 1A
B FCV-23-46 IB
C FCV-23-40 1A
D FCV-23-52 1B

Support System Interfaces FMEA. The RHR service water system compo-
nents interface with the 4160 V AC shutdown boards, the 480 V AC RMOV
boards, and the 250 V DC control power buses. Component / supporting system
interactions are listed in Table B-70.

Instrumentation and Con.rol. The RHRSW system is essentially a
manually operated system. However, Pumps A1, B1, C1, and D1 are capable of
being crosstied to the EECW system via valves (HCV-67-88 and 89, and FCV-
67-49 and 48), respectively. When these valves are open, the corresponding
pumps have auto-s tart capabilities similar to the EECW pumps. But these
valves are normally closed, and, as such, the auto-start of Pumps A1, B1,
C1, and D1 is not considered in this report.

There is an interlock between the RHR heat exchanger service wate r

outlet valves ( FCV-23-34, 46, 40, and 52) and their associated pumps. One
of the two pumps associated with the header must be running before the heat
exchanger outlet valve can be opened. If the valve is open and both pumps
are deenergized, the valve will automatically close. This prevents a siphon
e f fect f rom creating a vacuum in the associated heat exchanger.

Normally, the RHRSW headers will have continuous charging f rom four
RCW system lines located in Unit 2 (one line for each header). The purpose
of these charging lines is to keep the RHRSW system charged and vented, ,

thereby, preventing system water hammer on startup. System charging is
verified by individual header pressure indicators located in the control
room.

In addition, the following instrumentation and controls associated
*

with the RHRSW system are located in the cont rol roora:

RHRSW pump motor current.e

RHRSW pump motor control switches and status lights.e
,
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Figure B-33. RHRSW/EECW systems power dependencies.
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TABLE E-70. RHRSW S'iSTEM FMEA OF COMPCNENT/ SUPPORTING-SYSTEM INTERACTIONS

Supportire Failure Mode of Local Effects on
Corponent System Interface Support System Front-line System Remarks

Purp Al 41t0 V SD-PD-1 A Terminal A10 No power to board Pump unavailable Both Pumps Al and A2 rust fail before RHR heat
Exchanger A will be unavailable

250 V DC control SD-BD-1A control No power to board Breaker will not close; --

pcwer power bus pump will not energine

Pump A2 4160 V SD-BD-1A Tereiral A17
- - - - - - - - - - - - - - - -Same f a ilure modes a nd e f f ec t s a s Pump Al- - - - - - - - - - - - - - - -

250 V DC control SD-FD-1A control
power power tus

FCV-23-34 48G V RMOV-1A Terminal 4D No power to board; Valve will not actuate FCV-23-14 is the RHR heat Exchanger A service water
breaker open (open) outlet valve

Pump B1 4160 V SD-BD-3EC Te rminst C8 No power to board Pump unavailable Both Pumps B1 and B2 must fail before RHR heat
Exchanger 5 will be unavailable

250 V DC centrol S D- B D- 3 E C No power to board Breaker will not close; --

power control power bus pump will not energine
as

da Puep B2 4100 V SD-BD-1C Terminal C16
Ln - - - - - - - - - - - - - - - -Same failute modes and effects as Pump BI- - - - - - - - - - - - - - - -
~' 250 V DC control SD-BD-lC

power control power bus

FCV-23-46 480 V RMOV-1B Terminal 14C2 No power to board; Valve will not actuate FCV-23-46 is the RHR heat Exchanger B service water
breaker open (open) outlet valve

Pump C1 4160 V SD-BD-1B Terminal B10 No power to board Pump unavailable Both Pumps C1 and C2 must fait before RHR heat
Enchanger C will be unavailable

250 V DC control S D- B D- 1 B No power to board Breaker will not close; --

power control power bus pump will not energize

Pump C2 4160 V SD-BD-1B Terminal BIS
- - - - - - - - - - - - - - - -Same f a ilu re mod e s a nd e f f ec t s a s Pump Cl- - - - - - - - - - - - - - - -

250 V DC control SD-BD-18
power control power bus

FCV-23-40 480 V RMOV-1A Terminal 5D No power to board; Valve will not actuate FCV-23-40 is the RHR heat Exchanger C service water
breaker open (open) outlet valve

Pump D1 4160 V SD-BD-3ED Te rmiral D6 No pcwer to board Pump unavailable Both Pumps D1 and D2 smet fail before RHR heat
Exchanger D will be unavailable

250 V DC control SD-BD-3ED No power to board Breaker will not close; --

p owe r control power bus pump will not energize

8 8 ma
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TABLE B-70. (continued)
-

Supportieg Failure Mode of Local Effects on

component System Interface Support System Front-Line System Remarks

Pump D2 4160 V SD-BD-ID Terminal D15
- - - - - - - - - - - - - - -Same failure modes and effects as Pump Dl- - - - - - - - - - - - - - -

250 V DC control SD-BD-ID No power to board Breaker will not close; --

power control power bus pump will not energine

FCV-23-52 480 V RMOV-1B Terminal 15C No power to board; valve will not actuate FCV-23-52 is the RNR heat Exchanger D service water
breaker open (open) outlet valve

f FCV-23-52 480 V RMOV-1B Terminal 15C No power to board; Valve will not actuate Will divert some or all service water flow to river
breaker open (close) instead of RHR system; may allow reactor coolant in RHR

u system to discharge to riveru
N

FCV-23-57 480 V RMOV-1B Terminal 17C No power to board; Valve will not actuate No flow to RHR system

breaker open (open)

FCV-74-101 480 V RMOV-1B Termin.at 19C No power to Soard; Valve will not actuate No flow to RHR system

breaker open (open)

_ _ _ _ _ _ _ _ _ _ _ _ _ _
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e RHR heat exchanger service water outlet valve control switches
and status lights.

SBCS valve control switches and status lights.e

RHRSW header low pressure alarms (four) (<50 psig).e .

Testing. Only two RHRSW system test requirements were identified.
These are summarized in Table B-71. Neither test contributes to RHRSW sys-

tem unavailability, because neither of them degrade the system operability
and because of their short outage time. .

Maintenance. Upon reviewing the BFI maintenance schedules, only one
maintenance act was identified that was assumed to contribute to the overall
RHRSW system unavailability: the RHRSW electric motor oil is changed
annually. This requires that the associated pump be taken out of service
for approximately 4 hours. It was assumed that only one pump is taken out
of service, the oil in its motor changed, and then the pump is returned to
service before the next pump is taken out of service.

Table B-72 is a summary of the RHRSW system maintenance actions
identified as a result of the review mentioned above. When the maintenance
act is considered to contribute to RHRSW system unavailability, the act is
coded as a basic event and included in the system fault tree. Where
applicable, the basic event code associated with the corresponding mainten-
ance act is included in parentheses under the " Maintenance Requirement"
column of the table.

Technical Specification Limitations. The following limitations apply
to both the RHRSW and the EECW systems. Due to the relatively complicated
nature of these specifications with respect to the two system interrelation-
ships, no attempt was made to discriminate between the requirements for the
two systems. Again, for the purposes of this analysis, only 8 of the
12 RHRSW pumps were considered for the RHRSW system analysis. The remaining
f our pumps were considered to be used exclusively f or EECW system require-
ments. Since there is a crosstie capability between the two systems, the
following technical specifications, unlike our analysis, includes this
capability.

Limiting Conditions for Operation--Prior to reactor startup from
a cold condition, nine RHRSW pumps must be operable, with seven pumps
(including Pump D1 or D2) assigned to RHRSW service and two auto-start
pumps assigned to EECW service.

.

During power operation, RHRSW pumps must be operable and assigned to
service for the time limits specified in Table B-73.

During power operation, both RHRSW Pumps D1 and D2 (normally or alter-
*nately assigned to the RHR heat exchanger header supplying the standby

coolant supply connection) must be operable. However, one of the D1 or

D2 RHRSW pumps may be inoperable for a peried not to exceed 30 days, pro-
vided the operable pump is aligned to supply the RHR heat exchanger, and
the associated diesel generator and the essential control valves are

operable.
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TABLE B-71. RHRSW SYSTEM TEST REQUIREMENTS SUMMARY

Components
Aligned Away

Test from Engineered Expected
Component Type of Procedure Safeguards Test Expected Test

Undergoing Test Test Number Position for Test Frequency Outage Time Remarks

FCV-23-57 Stroke SI 4.5.C.1 FCV-23-57 once every 90 sec (max) Ran three

FCV-67-48 3 months 90 sec (max) times from

FCV-67-49 90 sec (max) each unit;

no system
degradation,

4 vill resultg from run-
ning this
test

FHRSW system Pump and SI 4.5.C.3 None Once every -- No system

header oper- 3 months degradation
ability and will result

flow test from run-
ning this
test

j
l

l

i



I

TABLE B-72. RHRSW SYS1EM MAINTENANCE ACTS SUMMARY

Maintenance
Requirement Instruction Frequency Duration Remarks

.

Inspect PHRSW -- Once every -- Assumed: does not take
pump pit to 5 years system out of service
determine if
cleaning is
needed .

Change oil in -- Once every 4 hr/ pump Assumed: pump out of
RHRSW pump year service only one pump
motor down at a time
(SMOIL--J)

1ABLE B-73. SERVICE ASSIGNMENTS FOR RHRSW PUMPS

Mininum Service Assignment

Time Limit
a(days) RHRSW EECW

Indefinite 7 3bb
h b30 7 or 6C 2 or 3c
b b

7 6 2

a. Only auto-start pumps may be assigned to EECW header service.

b. At least one operable pump must be assigned to each header.

c. hine pumps must be operable. Either configuration is acceptable: 7

and 2, or 6 and 3.

If the above conditions cannot be met, an orderly shutdown of Unit I

will be initiated, and the unit placed in cold shutdown condition within
24 hours. .

Surveillance Requirements--Each of the RHRSW pumps normally
assigned to automatic service on the EECW headers will be tested automati-
cally each time the diesel generators are tested. Each of the RHRSW pumps
and all associated essential control valves for the EECW headers and RHR ,

heat exchanfer headers will be demonstrated to be operable once every three
months. Annually each RHRSW pump will be flew-rate tested. To be con-
sidered operable, each pump will pump at least 4500 gpm through its normally
assigned flow path.
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If not more than two RHRSW pumps are inoperable, increased surveillance
is not required. When three RHRSW pumps are inoperable, the remaining
pumps, associated essential control valves, and associated diesel generators
will be operated weekly. When four RHRSW pumps are inoperable, the remain-
ing pumps, associated essential control valves, and associated diesel
generators will be operated daily.e

When it is determined that one of the RHRSW pumps supplying standby
coolant is inoperable at a time when operability is required, the operable
RHRSW pump on the same header and its associated diesel generator and the
RHR heat exchanger header and associated essential control valves shall bee

demonstrated to be operable immediately and every 15 days thereaf ter.

Sy_s t_e m 0 e r a t_io n,3.2.3 2

The RHRSW system is manually operated. Prior to operation, the opera-
tor completes the RHRSW system valve checklist, instrument checklist, and
panel checklist. The system is then verified to be charged and vented.
This is accomplished by opening the high point vents on top of each RHR
heat exchanger. Additional verification of system charging is indicated by
header pressure, which is registered on pressure indicators in the control

Af ter f urther verification of component power supply availabilitiesroom.
and instrument readiness, the system is ready for startup.

When it is determined by the operator that a RHRSW pump is needed and
which one is to be used, the appropriate pump is started. After the pump
is cunning, the service water discharge valve f or the associated heat
exchanger is opened until the desired flow is reached. Flow is controlled
in this manner in order to maintain the desired cooldown rate.

To shut down the RHRSW system, the appropriate heat exchanger service
water outlet valve is closed and the associated RHRSW pump is stopped. If
the heat exchanger is to be returned to standby condition, the raw water is
d rained f rom the heat exchanger, and it is refilled with demineralized
water. This is done to inhibit the growth of marine organisms in the heat
exchanger, thereby reducing subsequent fouling and plugging problems during
system operation.

When the system is to be configured for SBCS system operation, the
operator must initially verify that one of the two D header pumps, D1 and
D2, is running. Then the c ross-connec t valves (FCV-23-57 and FCV-74-101)
are opened and the D heat exchanger outlet valve (FCV-23-52) is closed.
Tiis provides a f low path f or river water into the RHR system. The RHR

, system valves are then aligned to direct the flow to the appropriate
location.

3.2.4 Fault Tree

Figure B-34 is the RHRSW system fault tree. Since a reduced tree is'

depicted in Figure B-34, many of the logical OR gates have been combined
into one tabulation OR (TAB OR) gate to s ave space and make the tree easier
to comprehend. The TAB OR gates were only used where system fault logic
would not be compromised by compressing the appropriate gates and their
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Part 1
RHR heat

exchanger
Loop A fails

- RA
to provide /
cocimg

I I
Heat exchanger Supply

outlet valve Header A
FCV 23-34 faults

faults SVK510AP
i

SPP003AF
SVH031AQ
SHX001AE

I
Local No powet

Operator faults inedequate flow
from 480 V AC from RHRSWfails to open SVM034AT MOV Board 1 A

FCV 23-34 pumps
SCK034AG

T O
[ sol 023AD
&
N EPS, Figure B-31, Part 17 ]

I I
'Inadequate inadequate

flow from flow from
Pump A1 Pump A2i

I I I I I I
; Pump At No power No power g,, Pump A2Loca:

Operator discharge from 4160 V from 4160 V discharge Operatorfaults , , , , , ,header faults shutdown shutdown header faultsdoes not start does not start
pump SVK502AP SPMOA1AR Board A Board A APMOA2AR SVK506AP pump

SPMOA1AS SPMOA2AS
SCBOA1 AN SCBOA2ANsol 023AD SO m3ADSCKOA1AG SDA SDA SCK0A2AG
ADC001AV EPS EPS ADC001AV
SMOILA1J Figure d-31, Figure 5-31, SMOILA2J

Part 1 Part 1 INEL 21587

Figure B-34. RHRSW fault tree.
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Part 2
RHR beat
exchanger

Loop B f a.ls
to provide / RB
cooling

i I
Heat enChanger Supply

outlet valve Header B
FCV 23 46 fmutts

faults SVK530BP
SPP003BF
SVH043BO
SHX001BE

I
Local No power

Operator faults Inadequate flow
from 480 V AC ' ' * "f ails to open SVM046BT MOV Board 1B

" " *FCV 23-46 SCK046BG
O

y sol 023BD
AR1B

EPS, Figure B-31, Part 18

I I

Inadequate inadequate

flow from flow from
Pumo B1 Pump B2

I I I I I I
PumpB1 Local No power No power toe g Pump A2

Operator discharge faults from 4160 V from 4160 V faults discharge Operator
haaier f aults shutdown shutdown beeder f aults does not startdoes not start

pump SV K522BP SPMOBIBR Board 3C Board C SPMOB2BR SVK526BP pump
SPM001BS SPM082BS
SCB001BN SCBOB2BNSOIO23BD SO1023BDSCKOBIBG D3C SDC SCKOB2BG
ADC003CV E PS, EPS. ADC001CV
SMOILB1J Figure B-31 Figure B-31 SMOILB2J

Part 7 Part 3 INEL 21588

Figure B-34. (continued).
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Part 3
RHR heat
enchanger

Locp C faits Cto prov6de /
Cooling

i I
Heat euchanger Supply

outlet valve Header C
FCV-2140 faults

faults SVK550CP
SPP003CF
SVH037CO
SHX001CE

I
Local No power

Operator faults from 480 V AC Inadequate flow
from RHRSWfails to ope" MOV Board 1 A

FCV 23-40 SVM040CT pumps
SCK040CG

Oi
SOiO23CD ,g,A

& EPS, Figure B-31. Part 17

I I

Inadequate inadequate

flow from flow from
Pump C1 Pump C2

I I I I I I
Pump C2Pump C1 No power NC power g"*;

,Lo at from 4160 V from 4160 V faults dischag,,, ,rge,,, OperatorOperator discharge
aufts ,header f aults s tdown sh W w ndoes not start

pump SVK546CP SPMOC1CR Board B Board B SPMOC2CR SVK542CP pump

SPM0CICS SPMOC2CS
SCBOCICN SCBOC2CN

Sol 023CDsol 023CD SCKOC1CG SDB SDB SCKOC2CG
ADC001BVADC001BV EPS EPS

SMOILC1J Figure 5-31, Figure b-31, SMOILC2J

Part 2 Part 2 INEL 21589

Figure B-34. (continued).
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Part 5

No RHRSW
| flow to LPCI

diseharge line [RS
n
T

| | |

Supply y Inadequate
, agy,Operator Header D flow from D"fails to initiate g, . :ts RHRSW pumps

SBCS
..

XEO1041D A* B
tz

& Part 4 T Part 4

$ I 1

SBCS No power Local
supply line from 480 V AC faults
ruptures MOV Board 1B

XOK052DG
XPP010UF XVM057DT

AR1B XCK057DG
XVM1012TEPS

Figure 5-31, XCK1012G

Part 18

' * Does not include fault event SHX001DE for this case. INEL 21591

Figure B-34. (continued).
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corresponding basic events into one logic gate. Where this could not be
accomplished, no reduction was attempted and the fault logic is fully
developed.

Each of the first four parts of the fault tree represents the fault
logic associated with each of the four RHRSW headers. Part I representse

the logic associated with faults in Header A, Part 2 represents f ault logic
for lleader B, and so on. The part of the fault tree shows the fault logic
associated with the SBCS.

Since the operator must follow one set of procedures to operate the.

RllRSW system and a different set of procedures to operate the SBCS system,
the event " Operator Fails to Initiate Cooling" (SOIO23DD) was created for
the D header logic. This prevents the logical error of including the SBCS
t ree in the operator response error associated with normal operation
(SOIO23DD) with the operator response error associated with SBCS operation
( XE01041 D ) . This would be the case if the D header tree were constructed
similar to the other header trees. Logically, all four header trees are
the same although the D header tree looks dif ferent.

In light of the major assumptions used to develop the tree, the
remaining gates and system logic should be self-explanatory.

Success / Failure Criteria. The top event description in the four header
fault trees and EE t'h'e SBCS f ault tree (each of which represents the cor--~ ~

responding system failure definition) is ". fails to provide cooling". .

a nd "No RliRSW flow .," respectively. Either of these top event des-. .

criptions is interpreted to mean that f ailure of the RHR3W system occurs if
adequate flow cannot be delivered through the component or system of
interest. Adequate flow is defined as the flow delivered by one of the two
RilRSW pumps that is available for a specific heat exchanger or, in the case
of SBCS, that is available for discharge into the RilR system. In sitapler

terms, system success is the effective flow o f one-out-of-two RHRSW pumps
through the system. Any flow that is significantly less than this amount
(4500 gpm) is considered to be a RiiRSW system f ailure.

|

Majo_r _A_s s ump _t_i_o n s . The RilRSW system fault tree was constructed based
on the following major assumptions :

1. The RHRSW system is initially aligned as shown in Figure B-32.
This implies that, to achieve successful RHRSW system operation,
the associated RHR heat exchenger service water outlet valve must
change state. This is done manually f rom the control room by the

,

operator. In addition, the operator must start one of the two
RllRSW pumps associated with the desired heat exchanger (see
Assumption 2).

2. Only one of the two RilRSW pumps needs to operate successfully in
' order to have adequate service water flow through the associated

| RilR heat exchanger.

3. For successful SBCS operation, three components must change state.
The crosstie valves (FCV-23-57 and FCV-74-101) must open. The
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D heat exchanger outlet valve (FCV-23-52) must close. In addi-
tion, one of the two D header RHRSW pumps, D1 and D2, must be
operating. Flow diversion, which would result if the 3/4-inch
crosstie drain line isolation valve failed to close upon SBCS
initiation, was considered inadequate to cause SBCS system
failure. *

4 Since the manually operated cross-connection valves (504, 524,
544, and 563) must be closed and two manually-operated EECW sys-
tem cross-connection valves (HCV-67-88 and 89) must be opened for
successful RHRSW supply to the EECW system, allowance was not *

made for this capability except where the amount of time for EECW
recovery was greater than I hour. These valves are located in
the intake station, which is a considerable distance from the
control room. In addition, these unusual system lineups are only
used f or maintenance actions and are generally not considered as
part of an accident mitigation scheme.

5. Since the operator must verify that the RHRSW system is charged
and vented prior to system operation, faults in the RCW system
charging supply, which would cause RHRSW system water hammer upon
RHRSW system startup, were not considered except for inclusion of
the operator response error of failure to follow the appropriate
procedure (01 23) in the fault tree.

6. Detailea information necessary for the analysis of intake station
taults was not available for this report. Discussions with TVA
personnel concluded that most intake station faults resulted in
high intake temperatures for the RHRSW system. This closely
resembles an external event--fire, flood, earthquake--and the
IREP procedural guidelines dictated that external events should
not be considered in our analysis. Therefore, as a result of
both of these considerations, intake station faults were not
developed in this analysis.

7. Faults in the chemical addition system and with system chemistry
are considered to have an insignificant effect on system
operation.

8. Pump discharge piping air release valve faults are considered to
be insignificant.

Basic Events. The information associated with the various basic events
*

listed in the tault tree is summarized in the RHRSW fault summary short
form, Table B-74. In addition, the failure data associated with these
basic events is summarized in Table B-75. Table B-76 lists the dominant
contributors to RHRSW Train A unavailability. The other trains are similar.

.
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TABLE B-74. RHkSW SYSTEM FAULT SUMMARY SHORT FORM

Primary Failure

Fault
Event Failure Failure Duration Error

Name Event Component Mode Rate (br) Factor

SOIO23AD Operator fails to initiate Ope ra to r 5.5E-4/D -- 10

cooling per 01-23 (Header A) response
error

SlM034AT Heat Exchanger A outlet Does not lE-3/D -- 3

Valve FCV-23-34 operate

SCK034AG FCV-23-34 control circuit No output 8.8E-3 -- 10

y SVK510AP RHR heat Exchanger A inlet Does not IE-4/D -- 3

y check Valve 510 open
c

SPF003AF Supply Header A Leakage / LE-10/hr/ 1104 30

rupture section

3
SVK502AP RHRSW Pump Al discharge check Does not lE-4/D -

Valve 502 open
,

SPMOA1AR RHRSW Pump Al Does not IE-3/D -- 3

start

SPM0AIAS RHRSW Pump Al Does not 3E-5/hr 37 10

continue
to run

SCBOA1AN RHRSW Pump Al circuit breaker Does not lE-3/D -- 3

close

SCK0A1AG RHRSW Pump Al control circuit No output 8.4E-3 -- 10

--_ _ _ _ _ _ _ _ _ _ _ _ _ - .
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1ABLE B-74. (continued)

Primary Failure

Fault

Event Failure Failure Duration Error
I;ame Event Component Mode Rate (br) Factor

ADC001AV RHRSW Pump Al DC control Does not IE-6/hr 8 3

power (4160 V AC shutdown energize
30ard A)

SMOILAlJ EHRSW Pump Al oil change Unavailable SE-4 -- 0

(motor) due to test
or

maintenance

T SPMOA2AR RHRSW Pump A2 Does not IE-3/D -- 3

U start
o

SPMOA2AS RiiRSW Pump A2 Does not 3E-5/hr 37 10
continue
to run

SCBOA2AN RHRSW Pump A2 circuit breaker Does not IE-3/D -- 3

close

SCK0A2AG RHRSW Pump A2 control circuit No output 8.4E-3 -- 10

OSMOILA2J RHRSW Pump A2 motor oil Unavailable SE-4 -

change due to test
or
maintenance

SVK506AP RilRSW Pump A2 discharge check Does not IE-4/D -- 3

Valve 506 open
,

*. * .
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TABLE B-74. (continued)

Primary Failure

Fault

Event Failure Failure Duration Error

Node Rate (hr) Factor
N arm _ Event Component

_

i

S01023BD Operator fai's to initiate Operator 5.5E-4/D -- 10

cooling per 01-23 (Header B) response
error

| , s

SVM046 B'l Heat Exchanger B Sctlet- Does not -1E-3/D -- 3
'

I Valve FCV-23-46 \
,

' "
g operete ,

!

,

SCK046BG FCV-23-46 control' circuit No output
,

8.8E-3 -- 10' ,' -

,

,,t ( ,
<

y SVK530BP RHR heat Ex'chaager B inlet Does not 1E-4/D --
'

3
~

' 'l
Iw check Valve 530 open .

-N-

- w s
~ x

.Leakay,e/ 1E-10/hr/ 1104 i 30 N,
' yJ* > -

.

'{SPP003BF Supply Header B
'

\- rupture - section s
-

",s

'
-

NN , _ ,
, - z

. c. Jt
s.i ,

- & s ,

1 . ; x .- ( 3 Qq,
,

{,
N .lE-4/DSVK522BP RUR5W Pump bl discha q'e check Does not s

\ !.h \, E"'
P \'V21ve 522 open

; d \
s'

.

3 ,,s' '

3 Y ,,

SPMOBlBR 'RHRSW Pump B1
'

( ' 'J
, ,

* \ Does net t II. -3 / D -- ( -
,

s
'

' N
- i' s ( Maa r j - "i

g|
; \ ' s

.
, . e - - - + u ,

. . .

~l I iE-5/hr ' ,c3/ # 10Does nor| SPMDBIBS RHRSW ,Punp 61 -

'(; scontind s \.O, % *

s s-
to rur y y.-,,

. {-i ,- s
|

SLB0 Bib:i RERSW Pump B1 ciret.it breaker Does not' Ys b lE-3/D .
3 r \'' ''

y

V,

'

close ' v
s x, s

\8.4E ,3 .g. e p f) ;, 10 'y
5'CK0 h 1 BG BHRSW Pump B1 control circuit No cu; pot. >

*g.

\
' 'N . . }} ;

'

'

, ( ;
'

'

, ,
/

1 ; ,, . -
|
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TABLE B-74, (continued)
,

- _;

Primary Failure
,

Fault

Event Failure Failure Duration Error

Name Event Component Mode Rate (br) Factor

ADC003CV RHRSW Pump B1 DC control Does not IE-6/hr 8 3

power (4160 V AC shutdown energize

Board 3EC)

SM0lLBlJ RHRSW Pump B1 oil change Unavailable SE-4 -- 0
,

(motor) due to test
or

maintenance

m

3 SPMOB2bR RHRSW Pump B2 Does not IE-3/D -- 3

start[j

SPMOS2BS RHRSW Pump B2 Does not 3E-5/hr 37 10

continue
to run

SCBOB2BN RHRSW Pump B2 circuit breaker Does not lE-3/D -- 3

close

SCKOB2BG RHRSW Pump B2 control circuit No output 8.4E-3 -- 10

ADC001CV RHRSW Pump B2 DC control Does not IE-6/hr 8 3

power (4160 V AC shutdown energize

Board C)

SMOILB2J RilRSW Pump B2 oil change Unavailable SE-4 -- 0

(motor) due to test
or
maintenance

* *p *
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| TABLE B-74. (continued)

Primary Failure

Fault

Event Failure Failure Duration Error

Mode Rate (hr) FactorName Event Component
,

SVK526BP RHRSW Pump B2 discharge check Does not IE-4/D -- 3

Valve 526 open

S01023CD Operator fails to initiate Operator 5.5E-4/D -- 10

cooling per 01-23 (Header C) response
error

SVMO40CT Heat Exchanger C outlet Does not lE-3/D -- 3

Valve FCV-23-40 operate

T
SCK040CG FCV-23-40 control circuit No output 8.8E-3 -- 10

SVK550CP RHR heat Exchanger C inlet Does not IE-4/D -- 3

check Valve 550 open

SPP003CF Supply lleader C Leakage / lE-10/hr/ 1104 30
rupture section

SVK546CP RHRSW Pump Cl discharge check Does not lE-4/D -- 3

Valve 546 open

SPMOCICR RHRSW Pump C1 Does not IE-3/D -- 3

start

SPMOCICS RHRSW Pump Cl Does not 3E-5/hr 37 10

continue
to run

SCBOCICN RHRSW Pump C1 circuit breaker Does not lE-3/D -- 3
close
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TABLE B-74 (continued)

Primary Failure

Fault

Event Failure Failure Duration Error

Name Event Component Mode Rate (hr) Factor

SCKOCICG RHRSW Pump C1 control circuit No output 8.4E-3 -- 10

ADC001BV RHRSW Pump Cl DC control Does not IE-6/hr 8 3

power (4160 V AC shutdown energize
Board B)

SMOILClJ RHR5W Pump Cl oil change Unavailable 5E-4 -- 0

(motor) due to test
or

T maintenance
d

SPMUC2CR RHRSW Pump C2 Does not lE-3/D -- 3#

start

SPMOC2CS RHRSW Pump C2 Does not 3E-5/hr 37 10

continue
to run

SCBOC2CN RHRSW Pump C2 circuit breaker Does not IE-3/D -- 3

close

SCKOC2CG RHRSW Pump C2 control circuit No output 8.4E-3 -- 10

SM0 LLC 2J RHRSW Pump C2 oil change Unavailable SE-4 - 0

(motor) due to test
or

maintenance

SVK542CP RHRSW Pump C2 discharge check Does not IE-4/D -- 3

Valve 542 open

i

.. . .
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1ABLE B-74 (continued)

Primary Failure

Fault

Event Failure Failure Duration Error

N m.:e Event Component Mode Rate (br) Factor

S01023DD Operator fails to initiate Operator 5.5E-4/D -- 10

cooling per 01-23 (Header D) response
error

SVM052DT Heat Exchanger D outlet Does not lE-3/D -- 3

Valve FCV-23-52 operate

SCK052DG FCV-23-52 control circuit No output 8.8E-3 -- 10

T SVK569DP RHR heat Exchanger D inlet Does not lE-4/D -- 3

} check Valve 569 open

SPP003DF Supply Header D Leakage / IE-10/hr/ 1104 30
rupture section

SVK565DP RHRSW Pump D1 discharge check Does not IE-4/D -- 3

Valve 565 open

SPMODlDR RHRSW Pump D1 Does not IE-3/D -- 3

start

SPMODlDS RHRSW Pump D1 Does not 3E-5/hr 37 10
continue
to run

SCBODlDN RHRSW Pump D1 circuit breaker Does not lE-3/D -- 3

close

SLKOD10G RHRSW Pump D1 control circuit No output 8.4E-3 -- 10



__

TABLE B-74. (continued)

Primary Failure

Fault
Event Failure Failure Duration Error
Name Event Component Mode Rate (br) Factor

ADC003DV RHRSW Pump D1 DC control Does not IE-6/hr 8 3

power (4160 V AC shutdown energize

Board 3ED)

SMOILDlJ RHRSW Pump D1 oil change Unavailable SE-4 -- 0
(motor) due to test

or
maintenance

T SPM0D2DR RHRSW Pump D2 Does not lE-3/D -- 3
d start
o

SPMOD2DS RHRSW Pump D2 Does not 3E-5/hr 37 10
continue
to run

SCBOD2DN RHRSW Pump D2 circuit breaker Does not IE-3/D -- 3
close

SCKOD2DG RHRSW Pump D2 control circuit No output 8.4E-3 -- 10

ADC001DV RHRSW Pump D2 DC control Does not IE-6/hr 8 3
power (4160 V AC shutdown energize
Board D)

SMOILD2J RHRSW Pump D2 oil change Unavailable SE-4 -- 0
(motor) due to test

or

maintenance

*w + ,
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TABLE B-74. (continued)

Primary Failure

Fault

Event Failure Failure Duration Error

Name Event Component Mode Rate (br) Factor

SVK561DP RHRSW Pump D2 discharge check Does not 1E-4/D -- 3

Valve 561 open

XEOIO41D Operator fails to initiate Operator 8E-3/D -- 10
SBCS per 01-41 response

error

XPPOLOUF SBCS piping Leakage / lE-10/hr/ 1104 10

rupture section
,

b
j XVM052DT RHR heat Exchanger D outlet Does not lE-3/D -- 3

Valve FCV-23-52 operate

XCK052DG FCV-23-52 control circuit No output 8.8E-3 -- 10

XVM057DT SBCS Valve FCV-23-57 Does not IE-3/D -- 3

operate
1

XCK057DG FCV-23-57 control circuit No output 8.85-3 -- 10

XVM1012T Unit 1 RHR cross-connect Does not lE-3/D -- 3

Valve FCV-74-101 operate

XVM1012G FCV-74-101 control circuit No output 8.8E-3 -- 10

SVH031AQ Manual Valve 23-31 Does not IE-4/D -- 3

remain
| open



TABLE B-74 (continued)
_

Primary Failure

Fault

Event Failure Failure Duration Error
Name Event Component Mode Rate (hr) Factor

SVliO43BQ Manual valve 23-43 Does not lE-4/D -- 3

remain open

SV1103 7CQ Manual Valve 23-37 Does not lE-4/D -- 3

remain open

SVH049DQ Manual Valve 23-49 Does not IE-4/D -- 3m
0 remain open
5

SHX001AE RHR heat Exchanger A Plugged IE-6/hr 384 10

SliX001BE RHR heat Exchanger B

SilX001CE RHR heat Exchanger C

SHX001DE RiiR heat Exchanger D

e + o
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1ABLE b-75. kHRW SYSTEM FAILURE DATA SDiMARY

Time to Time to Fault
Failure

. . Detect Repair Duration Time' l'navailability
Component /ActLv1ty Mode Failure _

(T ) (T ) U=TD+TR) Probability (A) Remarks( Co d e ) (Code) D R

Circuit breaker (CB) Does not close -- -- -- IE-3/D 1E-3 --

(N)

Motor-driven pump control Na output (G) 1080 hr 7 hr 1087 hr 7.6E-6/hr 8.4E-3 5 = IE-4 + 7.6E-6T
Tg--WASH-1400, Table III 5-2circuit (CE) +

lE-4/ D TD = half test interval; based
on pump operability test and
stroke time test, once every
3 months

Mator operated valve No output (G) 1080 hr 7 hr 1087 hr 7.7E-6/hr 8.8E-3 A = 4.1E-4 + 7.7E-6T
T --WASH-1400. Table 111 5-2control circuit (CK) + R

4.lE-4/D TD = half test interval; based
on pump operability test and
stroke time test, once every
3 months

Motor-driven pump (PM) Does not start -- -- -- IE-3/D 1E-3 --

f (R)
w

T --WASH-1400, Table III 5-2" Motor-driven pump ( PM) Does not run 0 hr 37 hr 8 hr 3E-5/hr 2.4 E-4 R# (S)

Pipe (PP) Leakage / 1080 hr 24 hr 1104 hr IE-10/hr 1.1E-7 Tg = 24 hr, assumed time to
rupture (F) shut down plant

TD = based on pump operability
test, once every 3 months

Check valve (VK) Does not open -- -- -- IE-4/D lE-4 --

(P)

Motor-operated valve (VM) Does not -- -- -- IE-3/D lE-3 --

operate (T)

Pump DC control Does not 0 7 hr 7 hr IE-6/hr 7E-6 y--developed by analysis
energize (V) T --WASH 1400, Table III 5-2R

Operator does not follow Operator -- -- -- 5.5 E-4/ D 5.5E-4 A- used plant-specific human
normal operating procedure response error model
(SOIO23-D) error (D)

Change oil in RHRSW punp Unavailability -- -- -- -- SE-4 Performed once every year;
motor (SMOIL--J) due to test or duration, 4 hr

maintenance
(J)



TAELE b-75. (continued)

Time to Time to Fault' " " ' '
. . Detect Repair Duration Time' Unavailability

Component /Acttytty Mode Failure
T) (T ) (T = T +T)

(Code) (Code) D R D R Probability (A) Remarks

Operator does not follow operator -- -- -- -- 8E-3 I- used plant-specific human
emergency operating response error error model
procedure (XE01041D) (D)

Normally open manual valve Does not -- -- -- IE-4/D lE-4 One valve per loop that can

(SVH _ Q) remain open disable entire loop

(Q)
to

Heat exchanger ( SHX_Q ) Plugged (Q) 360 hr 24 hr 384 hr IE-6/hr 3.8E-4 Estimated failure and repair

on mates
O

if the mission time (8 hr) >T . If TD=0, then T = mission time (8 hr) if mission time iT *a. If TD=0, then T = TR R R

*
4 + o
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TABLE S-76. RHR$W SYSTEM CUT SETS
(RHR$W Header A)

!
i

! Import anc e Potentially
I Unavailabili_tg (2)

_ Co,t Sets Recoverable,

8.8E-3 83.1 SCK034AG Yes
i 1.0E-3 ,9.;4 SVM034AT No

i
+ Cu mula t ive 92.5,

Importance

j 3.3 Emngency_Qu_,igment Cooling y ter System

The EECW system provides both direct and indirect cooling to safety-
] related components in systems that are required to operate when a transient

or accident has occurred. In addition, the EECW serves as a backup supply
to the RCW system.

Under a LOSP condition, f ailure of EECW could result in a station
blackout at all three units. However, adequate time is available for EECW,

j recovery considerations.
3

! 3.3.1 Pur_gose

The purpose of the EECW is to supply cooling water to safety-related
components in the core spray, RHR, and diesel generator systems. The EECW

| performs this function by supplying water f rom the intake station to heat
enchangers in the previously mentioned safety systems. This cooling wateri

} then flows through the heat exchangers and discharges back to Wheeler
'

Reservoir through yard drainage.

3.3.2 System Configuration

Overall Configuration. A simplified diagram of the EECW is provided
by Figure B-35. The EECW is a Class I safety-related system that serves
all three of the Browns Ferry units. Either of two independent piping
headers (north and south headers) can supply the safety-related cooling'

loads. The EECW system uses 4 of the 12 RHRSW pumps to supply the 2 EECW
headers (2 pumps per header) according to the following configurations

! *

Header Pung . Pa ir
r

| North A3, C3
Southj

~

B3, D3
a

The remaining eight pumps serve the RRRSW system. Four of these eight
Pumps may be valved into the EECW system is needed; however, the RHRSW is
considered to be a separate support system.

1

.

B-381
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Maximum design flow for each unit required approximately 3300 gpm,
which includes 1500 gpm f or nonsafety-relcted beckup loads, such as reactor
building closed cooling water heat exchangers, control and station service
air compressors, and control room air conditioners. Under worst case con-
ditions, such as exist following a LOSP transient, maximum design flow rates

required at all three units, resulting in total station flow requirementP are
of 9900 gpm. Since each pump is designed to deliver approximately 4500 gpm,
three of four pumps assigned to EECW are necessary to supply the EECW system
design requirements.

Each EECW supply header from the intake station has a continuous self-4

cleaning strainer with a screen size of 1/8 inch to prevent clogging of the
various coolers. The strainer automatically starts its cleaning cycle when-
ever its associated pump is started. Other than starting the pumps and
strainers and opening check valves, no dynamic devices are required to
operate the system.

System Interfaces. The EECW system provides cooling to the RHR pump
seal heat exchangers, RHR room coolers, and diesel generator engine coolers.
The EECW system also provides cooling to the core spray room coolers,
although subsequent testing by General Electric has shown that the core
spray pumps can run for up to 2 hours without room cooling. Thus, due to
the relatively short period of time required for low pressure core spray
injection (approximately 10 min), loss of core spray room cooling is not
considered significant for this analysis.

The EECW pumps receive electrical power from the following 4160 V
shutdown boards:

pump Pair 4160 V Shutdown Board

A3, C3 3EA, 3EB (Unit 3)

B3, D3 C, D (Units 1 and 2)

The EECW also serves as a backup supply to nonsafety-related components
normally cooled by the RCW system to increase plant availability. The EECW
support system FMEA is shown as Table B-77.

Instrumentation and Control. The EECW system is normally in standby
readiness with the A3, B3, C3, and D3 FHREW pumps aligned to EECW service
and "off." The RHRSW pumps aligned to EECW will automatically start on:

1. Low RCW header pressure.
,

2. Any time a diesel generator or core spray pump is started:

a. The two RHRSW pumps (B3 and D3) aligned to EECW and powered
frcm shutdown boards in Units 1 and 2 will start automati-
cally in less than 30 sec af ter starting of a diesel gen-~

erator or core spray pump in Unit 1 or 2.

b. The two RHRSW pumps (A3 and C3) aligned to EECW and powered
from shutdewn boards in Unit 3 will start automatically in
less than 30 see after starting of a diesel generator or
core spray pump in Unit 3.

B-383
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table B-77. EECW SYSTEM FMEA 0F COMPONENT / SUPPORTING-SYSTEM INTERACTIONS
i

Failure Mode of
Components Supporting System Interface Support System Local Effects on Front-Line System Remarks

RHRSW Pump A3 4160 V SD-BD-3EA Terminal 5 No power to board Pump unavailable --

Battery Board 1 Control circuit Board dead Breaker will not close to energine pump Battery Board 2 is alternate supply of ;

control power

i

Manual control HS-23-85A -- -- --

RHRSW Pump A1 - - - - - - - - - This pump is available f or EECW service if manually realigned; FMEA f or Pump Al is f ound in RHRSW system- - - - - - - - - -

RHRSW Pump B3 4160 V SD-BD-C Terminal 8 No power to board Pump unavailable --

Battery Board 3 Control circuit Board dead Breaker will not close to energine pump Battery Board 1 is alternate supply of
,

control power

Manual control HS-23-15A -- -- --

j

RHR$W Pump B1 - - - - - - - - - This pump is available f or EECW service if manually realigned; FMEA for Pump BI is f ound in RHRSW system- - - - - - - - - -

RHRSW Pump C3 4160 V SD-BD-3EB Terminal 10 No power to board Pump unavailable --

txt

1 480 V diesel Control circuit Board dead Breeker will not close to energine pump Battery Board 3 is alternate supply of

an auxiliary Board 3A control power
D (through battery

Charger 38)

' Manual control HS-23-31A -- -- --

.

RHRSW Pump C1 - - - - - - - - - This pump is available for EECW service if manually realigned; FMEA for Pump C1 is found in BRBSW system- - - - - - - - = =

RHRSW Pump D3 4160 V SD-BD-D Terminal 6 No power to board Pump unavailable --

Battery Board 2 Control circuit Board dead Breaker will not close to energine pump Battery Board 3 is alternate supply of
control power

Manual control HS-23-23A -- -- --

RHRSW Pump D1 - - - - - - - - - This pump is available for EECW service if manually realigned; FMEA for Pump D1 is found in RNR$W system- - - - - * - - - -

FCV47-49 480 V diesel Terminal 12C No power to board Valve inoperable Header supply valve from alternate pump
auxiliary Board-A

Manua?. control HS-67-49A -- -- --

! FCV-67-48 480 V diesel Terminal 12C No power to board Valve inoperable Header supply valve from alternate pump
I auxiliary Board-B

Manual cont rol HS-67-48 -- -- --

A % j~d
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TABLE B-77. (continued)

Failure Mode of
Components Supporting System Interface Support System Local Ef fects on Front-Line System Remarks

FCV-67-51 Control air system FSV-67-51 -- Normally open flow control valve --

FCV-67-14 480 V diesel Terminal 12E No power on board Normally open desectionalizing valve Inability to isolate Unit I from other

auxiliary Board-B units

FCV-67-13 480 V diesel Terminal 12E No power on board Normally open desectionalizing valve Inability to isolate Unit I from other

auxiliary Board-A units

FCV-67-18 480 V RMOV-1B Terminal 14A No power on board Normally open desectionalising valve Inability to isolate Unit I from other
unitsD3

f
u
CD
v
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j 3. ECCS initiation signals of high dryvell pressure (+2 psig) or
! low-low-low reactor vessel water level (-143.5 inches) in any

unit (part of the core spray initiation logic).

Figure B-36 is a simplified diagram of the EECW auto-initiation cir-
cuitry for the B3 pump. The circuits are similar for each of the four .

pumps.

As discussed above and as shown by Figure B-36, any of the multiple
contacts can initiate a pump start. Time delay relay contacts close in the
pump control circuit in 28 see if normal power is available or in 14 sec if ,

only diesel generator power is available.

The self-cleaning strainers in the supply headers automatically start'

their cleaning cycle on pressure differential switch signals indicating
that the pump aligned to that supply header has been started.

Testing. Surveillance of the EECW system is provided under the guide-
lines of SI 4.5.C. Essentially, a functional test of the EECW is performed
each time the diesel generators are tested, which is at least monthly as
required by SI 4.9.A.l.a. As noted in the previous section, "Instrumenta-
tion and Control," two EECW pumps start automatically after starting of a
diesel generator in Unit 1 or 2, and, similarily, two EECW pumps start when
a diesel generator is started in Unit 3. Thus, operability of the EECW
start circuitry, pumps, backwash strainers, and check valves, and status of
valve positioning is ensured monthly. The EECW system test requirements

! are summarized in Table B-78. This detectio,n time interval is also
I reflected in Table B-79.

Maintenance. EECW system components are maintained following surveill-
ance testing for those components that are found to be in a failed state.
Plant maintenance personnel indicate that equipment is generally net taken
out of service on a routine basis unless known or suspected to be inoper-

,

able. Thus, unavailability of the EECW system due to maintenance acts falls
into two categories: (a) unavailability due to repair following detection

,

; of the failure, and (b) unavailability of system components due to scheduled

preventative maintenance.

For maintenance acts of the first category, data was taken from

j WASH-1400, Table III 5-2, " Summary of Major Maintenance Act Duration" for
pumps, valves, diesels, and instrumentation. The plant electrical and
mechanical maintenance schedules were consulted to identify those preventa-
tive maintenance actions that render portions of the EECW unavailable until

"

completion of the procedure. Upon reviewing the BF1 maintenance schedules,
only two maintenance acts were identified that were assumed to contribute
to the overall EECW system unavailability: the EECW electric motor oil is

,

; changed annually, and once every 2 years the EECW header strainers are
disassembled, cleaned, and lubricated. The annual oil change requires thati

the associated pump be taken out of service for approximately 4 hours. It' -

! is assumed that only one pump is taken out of service, the oil in the motor
changed, and then the pump is returned to service before the next pump isi

I taken out of service. During service of the EECW header strainer, each
! strainer and, therefore, the associated header path, are unavailable for

12 hours.

| B-386
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See Note 2
(+)

r,

CS CS CS CS _ _

Breaker __ Breaker __ Breaker __ Breaker-~ DRRA__ DRRB__ DRRC__ DRRD__ PSR__ PSR__ PSR__ PSR__ CASA __ CASB__

M ~~ IB ~ ~ - IC ~~ 1D 1 ~~ 1~~ 1~~ l '" ~ 18 ~ ~ 28 - ~ 1A-~ 2A ~
~ 8~~ 8~~

250 V DC
control

-[y
~ Notes:power bus j NVA-C1 DGVA-C1

for 4160 V ) y_
-- 1. NVA C1 is closed when normal auxiliary power available at

shutdown Board C.Shutdown 2. DGVA-C1 closes when only DG C power is available at
Board C shutdown Board C.

3. Pump starts on:
a. Low RCW header pressure (Relays PSR 1 A,18,2A,28).

TD2C TD1C b. Any core spray pump start (CS breaker 1 A,1B,1C,1D).
(28 sec) (14 sec) c. Any diesel generator running (Relays DRRA, DRRB, DARC,

DRRD).en d. ECCS initiation signals in any unit (high drywell pressure
1 or low-low-low reactor vessel water level) common

, ao accident signal Relays CASA 4 or CASB4."j s

! (-)
.I

t

INEL 21586t

i

I

; Figure B-36. EECW auto-initiation logic for B3 pump.



TABLE b-76. EECW SYSTEM TEST REQUIREMENTS SUMMARY

Compenents Aligned Away
Test from Engineered Expected

Component Type of Procedure Safeguards Test Expected Test
I:ndergoing Test Test Number Position for Test Frer,uency Outage Time Remarks

FLV-67-14 Stroke SI 4.5.C.1 None Once every 90 sec (max) Tests capability of

FCV-67-18 3 months sectionalizing off
FCV-67-22 headers, no system
FCV-67-26 degradation will
FCV-67-13 result from running
FCV-67-17 this test
FCV-67-21
FCV-67-25

cc

b ELCW system Pump and SI 4.5.C.2 None Once every -- No system degradation
@ header oper- 3 months will result item run-*

ability and ning this test
flow test

Diesel SI 4.9.A.I.a None Once every -- The EECW will auto-
generator month matically start and
auto-start run each time the

diesel generators are
tested

*. + ,
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TABLE B-79. EECW SYSTEM FAILURE DATA SUMMARY

Time to Time to Fault'

Failure Detect Repair Duration Time" Unavailability
Component / Activity Mode Failure(T ) M,TD+T) Probability (A) Remarks(Code) (Code) D g R

Circuit breaker (CB) Does not close -- -- -- 1E-3/D 1E-3 --

(N)
<

Motor-driven pump control No output (G) 360 hr 7 hr 367 hr 7.6 E-6/hr 2.9E-3 A = IE-4 + 7.6E-6T
Tg--WASH-1400, Table III 5-2+circuit (CK)

1E-4/J TD = half test interval; based
on pump operability test and
stroke time test, once every

.

mor.th
!

Motor-operated valve No output (G) 360 hr 7 hr 367 hr 7.7E-6/hr 3.2 E-3 A = 4.1E-4 + 7.7E-6T
control circuit (CK) 4.1E-4 Ta--WASH-1400. Table 111 5-2

TD = half test interval; based
on pump operability test and
stroke time test, once every
month'

| CD
1E-3/D 1E-3 --

j h Motor-driven pump (PM) Does not start -- -- --

(R)
i.

oo
e

Motor-driven pump (FM) Does not run 0 hr 37 hr 8 hr 3E-5/hr 2.4 E-4 8 hr mission time based on time
(S) to hot shutdown

Pipe (PP) Leakage / 360 hr 24 hr 384 hr 1E-10/hr/ 3.8E-8 Tg = 24 hr, assumed time to

.

rupture (F) section cold shutdown
T --based on pump operabilityD

? test, once every month
a

1
| Check valve (VK) Does not open -- -- -- 1E-4/D 1E-4 --

) (P)
n

Manual valve (VH) Does not -- -- -- 1E-4/D 1E-4 --

2
'

remain open
1

(Q)'

J Motor-operated valve (VM) Does not open -- -- -- IE-3/D 1E-3 --

| (P)
J

4 Pump DC control power Does not 0 7 hr 7 hr IE-6/hr 7E-6 1--developed by analysis
(ADCOO--V) energize (V) Tg--WASH-1400. Table 111 5-2i

Strainer (FL) Plugged (E) 360 hr 24 hr 384 hr IE-6/hr 3.8E-4 Estimated failure and repair
rates

1

_ _. - -
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TABLE h-79. (continued)

Time to Time to Fault

. .
Detect hepair Duration Time * Unavailability* "''

Component /Acttvaty Mode Failure
(T ) T) (T = T +T)

(Code) (Code) D R D R Probability (A) Remarks

Heat exchanger (KX) Plugged (E) 360 hr 24 hr 384 hr IE-6/hr 3.8E-4 Estimated failure and repair

rates

Relay ( Rf. ) Does not -- -- -- -- IE-4 --

energise (V)

Contacts (CO) Open (0) 360 hr 7 hr 367 hr IE-7/hr 3.7E-5 --

Instrumentation (IN) Erroneous 360 hr 7 hr 367 hr IE-6/hr 3.7E-4 --

output (I)

t#

h Pump maintenance Unavailable -- -- -- -- SE-4 Input data to estimate I from
qD (KPMO~J) due to test or Table B-80
O maintenance

(J)

Strainer maintenance -- -- -- -- - 7E-4 Input data to estimate I from
( K FLO_J ) Table 8-80

if the mission time (8 hr) >T . If To = 0, then T = mission time (8 hr) if mission time <Tg.a. If TD=0, then T = TR R

l

l
|

|
!
!

** 1 ,
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Table B-80 is a summary of the EECW system maintenance acts identified'

as a result of the review mentioned above. When the maintenance act is
considered to contribute to EECW system unavailability, the act is coded as
a basic event and included in the system fault tree. Where applicable, the
basic event code associated with the corresponding maintenance act is
included in parentheses under the " Maintenance Requirement" column of-the' .

table.

TABLE B-80. EECW SYSTEM MAINTENANCE ACTS SUMMARY

,

i Maintenance
Requirement Instruction Frequency Duration Remarks

Disassemble -- Once every 12 hr/ Header path out of

and maintain 2 years strainer service
EECW header
strainers
(KFLO J)

Change oil in -- Once every 4 hr/ Assumed: pump out of
,| RHRSW pump year pump service; only one pump

motor down at a time
(KPMO J)

I

! Browns Ferry maintenance and testing procedures require operability of
components to be demonstrated when returning equipment to service after
maintenance, thus minimizing the probability that components are not left
in an inoperable state. For example, EECW SI 4.5.C states, "When returning
an EECW pump to service af ter maintenance to the pump, the following data

i must be included on SI 4.5.C.2 (EECW System Functional Test): pump flow,

|
pump discharge pressure, and vibration amplitude. Additionally, SI 4.5.C.4
(EECW System Annual Flow Rate Test) must also be performed to provided

! operability per technical specifications."
t Technical Specification Limitations. The limiting conditions for
; operation of the EECW system are spelled out in Section 3.5.C of the BF1

Technical Specifications. Since the RHRSW and EECW systems are both covered
by Section 3.5.C, the previous discussion in the RHRSW system description
applies to this portion of the EECW writeup.

,

3.3.3 Operation

| The previous discussion on " Instrumentation and Control" listed the
i automatic start features of the EECW pumps. These pumps may also be

manually started from the MCR of any of the three units.' *

EECW recovery actions essentially consist of providing additional EECW
flow from standby RHRSW pumps via cross-connect piping. In the event that

i three of four EECW pump flow is not available, the operator can readily
align the RHRSW Cl or C2 pump to the EECW north supply heater by opening

a

1

B-391
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motor-operated flow control valve (FCV-67-49) from the main control room.
The other RHRSW pumps are not immediately available for effective recovery
for the following reasons:

1. The A pumps are cross-connected to the EECW piping through a nor-
mally closed manual valve. This valve is located at the remote -

intake pumping station and would require dispatching an individual
to manipulate the valves to the desired configuration. It har

been estimated by TVA that it would take approximately 30 min to
2 hour to perform this recovery action.

.

2. The B pumps are similarly unavailable for EECW recovery due to a
normally closed manual valve in the cross-connect piping.

3. The D pumps can be aligned to the EECW south supply header by
opening a motor-operated valve (FCV-67-48); however, technical
specifications require that at least one of the D1 or D2 pumps be

available as the SBCS system pump. In order to use the D1 pump

for EECW supply, the discharge header cross-connect valve (563)
would have to be closed. This valve is a normally open manual
valve remotely located at the pumping station. By closing
valve (563), the RHRSW Pump D1 could be used for EECW supply and
Pump D2 could be used for RHRSW or standby coolant supply if
needed.

3.3.4 Fault Tree

Figure B-37 is the EECW system fault tree. Since a reduced tree is
depicted in Figure B-37, many of the logical OR gates have been combined
into one tabulation OR (TAB OR) gate in order to save space and make the
tree easier to comprehend. The TAB OR gates were only used where system
fault logic would not be compromised by compressing the appropriate gates
and their corresponding basic events into one logic gate. Where this could

not be accomplished, no reduction was attempted and the fault logic is fully
developed.

There are two house events in the EECW tree. Both appear in the
initiation circuitry model. The events HOUSENVA and HOUSENVL account for
whether the shutdown boards powering the EECW pumps are being supplied by
normal power or the diesel generator. The two events are mutually exclu-
sive. Whenever HOUSENVA is "on," HOUSENVL is "off" and vice versa. For

all initiators other than loss of offsite power, HOUSENVA is "on" and

HOUSENVL is "off." For loss of offsite power sequences the reverse is true.
.

Since the EECW only provides a support function, the EECW fault model
was constructed based on those systems that require EECW following the
accidents considered in the Browns Ferry IREP assessment. That is, trans-

appropriately provided in the fault tree where safety-related com-ters are
*ponents require the EECW support system interface. These cooling water

loads are: (a) RHR room coolers, (b) RHR pump seal coolers, and
(c) Units 1, 2, and 3 diesel generator engine coolers.
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Loss of cooling flow in the north and south headers and the loss of

the EECW flow paths from these headers to the various safety-related com-
ponents listed above are developed on the fault tree. Fault tree models of
the automatic initiation circuits are shown in Parts 8 and 9 of the EECW
fault tree. As discussed previously, any of several multiple contacts can
initiate a pump start. Time delay relay contacts close in the pump control *

circuit in 28 sec if normal power is available or in 14 sec if only diesel
generator power is available. Only the faults associated with the time
delay relays were included in the fault model of the EECW auto-initiation
logic since it is very unlikely that one of the multiple start conditions
would not be present when EECW is required. *

Success / Failure Criteria. The top event descriptions in the EECW frolt
tree are "No cooling to . .." These top event descriptions are inter-.

preted to mean that failure of the component function occurs if adequate
flow cannot be delivered through the component of interest. Adequate flow
is defined as the flow delivered by at least one of the two independent
piping headers (north and south headers) supplied by three of the four EECW
pumps.

Major Assumptions. The EECW system fault tree was constructed based
on the following major assumptions:

1. The EECW pumps are initially aligned as shown in Figure B-35.

2. Detailed information necessary for the analysis of intake station
faults was not available for this report. Discussions with TVA
personnel concluded that most intake station faults resulted in
high intake temperatures for the RHRSW system. This closely
resembles an external event (fire, flood, earthquake), and the
IREP procedures dictated that external events should not be con-
sidered in our analysis. Therefore, as a result of both of these
considerations, intake station faults were not developed in this
analysis.

3. Supply header ruptures are assumed to encompass all pressurized
piping from the EECW pump discharge check valves to the branch
runouts supplying the various cooling loads. No other single
passive faults could disable the EECW system. llove ve r , passive
faults of normally open manual valves were considered due to
their potential for loss of multiple RHR coolers.

4. Although operator recovery for manually starting the EECW pamps
,

was shewn on the EECW fault tree, no credit was taken for this
recovery action. No auto-initiation faults were significant to
the multiple start features of the EECW pumps.

Basic Events. 1he information associated with the various basic events
*

i listed in the fault tree is summarized in the EECW fault summary short f o rm ,

Table B-81. In addition, the failure data associated with these basic

events is summarized in ".able B-79. Tables B-82 and B-83 list the dominant
contributors to EECW unavailability.

B-402
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TABLE B-81. EECW SYSTEM FAULT SUMMARY SHORT FORM

Primary Failure
.

Fault

Event Failure Failure Duration Error

Name Event Component Mode Rate (br) Factor

KVK636NP Check Valve 636 Does not IE-4/D -- 3

open

KVK639NP Check Valve 639 Does not lE-4/D -- 3

open

3KVK556UP Check Valve 556 Does not IE-4/D --

open

KHXRMAAE RHR 1A room cooler Plugged IE-6/hr 384 10

KVK558SP Check Valve 558 Does not IE-4/D -- 3"'

open

KVK5595P Check Valve 559 Does not lE-4/D -- 3

open

KHXRMCBE RHR IC room cooler Plugged IE-6/hr 384 10

KHXRIAUE RHR 1A seal cooler Plugged IE-6/hr 384 10

KHXRICUE RHR IC seal cooler Plugged IE-6/hr 384 10

KVK659NP Check Valve 659 Does not lE-4/D -- 3

open

KVK660NP Check Valve 660 Does not lE-4/D -- 3

Open

.



TABLE B-bl. (continued)

Primary Failure

Fault

Event Failure Failure Duration Error

Name Event Component Mode Rate (br) Factor

KVK598UP Check Valve 598 Does not IE-4/D -- 3

open

KilXRMBAE RHR 1B room cooler Plugged IE-6/hr 384 10

KVK600SP Check Valve 600 Does not IE-4/D -- 3

open

KVK601SP Check Valve 601 Does not IE-4/D -- 3

T open
n

'

KHXRMDBE RHR ID room cooler Plugged IE-6/hr 384 10

*

KHXRIBUE RHR IB seal cooler

KHXRlLUE RilR ID seal cooler

KHXDGlAE Diesel Generator A engine
cooler

KVK634NP Check Valve 634 Does not IE-4/D -- 3

open

KVK635NP Check Valve 635 --

KVK528SP Check Valve 528 --

KVK529SP Check Valve 529 --

8 * ..
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TABLE B-81. (continued)

Primary Failure

Fault

Event Failure Failure Duratior Error
Name Event Component Mode Rate (br) Factor

KHXDGlbE Diesel Generator B engine Plugged IE-6/hr 384 10

cooler

KVK630NP Check Valve 630 Does not IE-4/D -- 3

open

KVK631NP Check Valve 631 --

KVK521SP Check Valve 521 --

T
$ KVK322SP Check Valve 522 --

KHXDGlCE Diesel Generator C engine Plugged IE-6/hr 384 10
cooler

KVK624NP Check Valve 624 Does not IE-4/D -- 3

open

KVK625NP Check Valve 625 --

KVK514SP Check Valve 514 --

KVK515SP Check Valve 515 -

KHXDGlDE Diesel Generator D engine Plugged lE-6/hr 384 10
cooler

KVK627NP Check Valve 627 Does not IE-4/D -- 3

open



TAELE b-bl. (continued)

Primary Failure

Fault

Event Failure Failure Duration Error

Name Event Ccmponent Mode Rate (hr) Factor

KVK628NP Check Valve 628 Does not IE-4/D -- 3

open

KVK507SP Check Valve 507 Does not IE-4/D -- 3

open

KVK508SP Check Valve 508 Does not IE-4/D -- 3

open

[ KilXDG 3AE Diesel Generator 3A engine Plugged IE-6/hr 384 10

o cooler

KVK694NP Check Valve 694 Does not IE-4/D -- 3

open

'

KVK693NP Check Valve 693 --

KVK696SP Check Valve 696 --

KVK695SP Check Valve 695 --

KHXDG3BE Diesel Generator 3B engine Plugged IE-6/hr 384 10

cooler

KVK704NP Check valve Does not IE-4/D -- 3

open

3KVK703NP Check valve Does not IE-4/D -

open

a, , , ,
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table b-bl. (continued)
_

Primary Failure

Fault

Event Failure Failure Duration Error

Name Event Component Mode Rate (br) Factor

KVK706SP Check valve Does not IE-4/D -- 3

open

KVK705SP Check valve Does not IE-4/D -- 3

open

KHXDG3CE Diesel Generator 3C engine Plugged IE-6/hr 384 10

cooler

[ KVK714NP Check Valve 714 Does not IE-4/D -- 3

o open
u

KVK713NP Check Valve 713 --

KVK716SP Check Valve 716 --

'

KVK715SP Check Valve 715 --

KHXDG3DE Diesel Generator 3D engine Plugged IE-6/hr 384 10

cooler

KVK724NP Check Valve 724 Does not IE-4/D -- 3

open

KVK723NP Check Valve 723 --

KVK726SP Check Valve 726 --

KVK725SP Check Valve 725 --



1ABLE B-bl. (continued)

Primary Failure

Fault

Event Failure Failure Duration Error
Name Event Component Mode Rate (hr) Factor

KPMOA3NR EECW Pump A3 Does not IE-3/D -- 3

start

KPMOA3NS EECW Pump A3 Does not 3E-5/hr 8 10

run

KPMOA3NJ EECW Pump A3 Unavailable SE-4 -- O

due to
maintenance

T
$ KCBOA3NN EECW Pump A3 circuit breaker Does not IE-3/D -- 3
* close

KCKOA3NG Motor control circuit f or EECW No output 2.9E-3 -- 10
Pump A3

ADC003AV 250 V DC control power for Does not IE-6/br 7 3

closing Pump A3 circuit energize
b reak e r

KPMOA3NX Operator error Does not IE-3/D -- 10
energize

KPMOC3NX Operator error Does not IE-3/D -- 10
energize

KPMOC3NR EECW Pump C3 Does not IE-3/D -- 3

start

KPMOC1NS EECW Pump C3 Does not 3E-5/hr 8 10
run

4 e g- pe
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TABLE B-bl. (continued)

Primary Failure

Fault
Event Failure Failure Duration Error
Name Event Component Mode Rate (hr) Factor

KPMOC3NJ EECW Pump C3 Unavailable SE-4 -- O

due to
maintenance

KCK003NG Motor control circuit for EECW No output 2.9E-3 -- 10
Pump C3

KCBOC3NN EECW Pump C3 circuit breaker Does not IE-3/D -- 3

close
?
$ ADC003BV 250 V DC control power for Does not IE-6/hr 7 3
#

closing Pump C3 circuit breaker energize

KVK56bNP Check Valve 588 Does not lE-4/D -- 3

open

KFLOOlNE EECW north header strainer Plugged lE-6/hr 384 10

KPP00lNF North header piping Rupture IE-10/hr/ 384 10
section

KVK622NP Check Valve 622 Does not lE-4/D -- 3

open

KFLOOINJ North header Strainer 1 Unavailable 7E-4 -- O

due to
maintenance

KVM00lNP FCV-67-1 Does not IE-3/D -- 3
open

i



TABLE B-81. (continued)
m<+r

Primary Failure

Fault

Event Failure Failure Duration Error

Nate Event Component Mode Rate (hr) Factor

KCK00 LNG Motor control circuit for No output 3.2E-3 -- 10

FCV-67-1

KVM00lNX Operator error -- 1E-3/D -- 10

KIN 00lNI Pressure Switch PS-67-1 Erroneous lE-6/hr 367 10

output

KVK594NP Check Valve 594 Does not IE-4/D -- 3

T open
s~

KF1.008NE EECW north header strainer Plugged IE-6/hr 384 10

KVK619NP Check Valve 619 Does not lE-4/D -- 3

open

KFLOObNJ North header Strainer 8 Unavailable 7E-4 -- O

due to
maintenance

KVM008NP FCV-67-6 Does not 1E-3/D -- 3

open

KCK008NG Motor control circuit for No output 3.2E-3 -- 10

FCV-67-8

KVMOO8NX Operator error -- IE-3/D -- 10

KIN 008N1 Pressure Switch PS-67-8 Erroneous lE-6/hr 367 10

output

** e s,, , e
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'I ABLE B-b l . (continued)

Primary Failure

Fault

Event Failure Failure Duration Error
Name Event Component Mode Rate (hr) Factor

KVK591SP Check Valve 591 Does not IE-4/D -- 3

open

KVK502SP Check Valve 502 Does not IE-4/D -- 3

open

KFLOO5SE EECW south header strainer Plugged IE-6/hr 384 10

KPP00lSF South header piping Rupture I E-10/ h r/ 384 10

T section
e

KFLOO5SJ South header Strainer 5 Unavailable 7E-4 -- O

due to
maintenance

KVM005SP FCV-67-5 Does not lE-3/D -- 3

open

KCK005SG Motor control circuit for No output 3.2E-3 -- 10

FCV-67-5

KVMOO5SX Operator error -- lE-3/D -- 10

KIN 005SI Pressure Switch PS-67-5 Erroneous lE-6/hr 367 10

output

KVK597SP Check Valve 597 Does not IE-4/D -- 3

open



_ _ _ _ _ _ _ _ _ _ _ _ _

TABLE B-81. (continued)

Primary Failure

Fault
Event Failure Failure Duration Error
Name Event Component Mode Rate (br) Factor

KVK582SP Check Valve 582 Does not IE-4/D -- 3

open

KFLOllSE EECW south header strainer Plugged IE-6/hr 384 10

K FLO ll SJ South header Strainer 11 Unavailable 7E-4 -- O

due to
maintenance

f KVM011SP FCV-67-ll Does not lE-3/D -- 3

[; OPen

KCK0llSG Motor control circuit for No output 3.2E-3 -- 10
FCV-67-11

KMVollSX Operator error -- lE-3/D --

KIN 0llSI Pressure Switch PS-67-ll Erroneous IE-6/hr 367
output

KPMOB35X Operator error -- lE-3/D --

KPMOB3SR EECW Pump B3 Does not IE-3/D -- 3

start

KPMOB3SS EECW Pump B3 Does not 3E-5/hr 8 10
run

* *. g
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1AhLE B-81. (continued)

Primary Failure

Fault

Event Failure Failure Duration Error

Name Esent Component Mode Rate (hr) Fact _or

KLKOD35G Motor control circuit for EECW No output 2.9E-3 - 10

Pump D3

ADLOOlDV 250 V DC control power for Does not IE-6/hr 7 3

closing Pump D3 circuit breaker energize

KVliS65UQ Manual Valve 656 Does not IE-4/D --

remain
open

T
C KVlibOhUQ Nanual Valve 606 Does not --

* remain
open

e

KRE001AV lime delay Relay 1D2A Does not --

energize

KREOO2AV Time delay Relay TDIA Does not --

energize

KRE003AV Diesel generator available Does not --

Relay DCVA-Al energize

KC0001A0 Normal power available Open IE-7/hr 367 10
Contacts NVA-Al

'. , ,
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1ABLE E-bl. (continued)

Primary Failure

Fault

Event Failure Failure Duration Error
h a n.e Event Component Mode Rate (br) Factor

RRE900DV Diesel generator available Does not IE-4/D -- 3

Relay DGVA-D1 energize

Y
c: KC0001DO Normal power available Open IE-7/hr 367 10

:- Contacts NVA-D1
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TABLE B-82. EECW SYSTEM CUT SETS
(Gate K2)

Importance Potentially,

Unavailability (%) Cut Sets Recoverable

1.0E-5 1.7 KCK00 LNG,KCK008NG Yes
1.0E-5 1.7 KCK00 LNG,KCK0llSG Yes
1.0E-5 1.7 KCK005SG,KCK0llSG Yes
1.0E-5 1.7 KCK00 LNG,KCK005SG Yes
1.0E-5 1.7 KCK008NG,KCK0llSG Yes

1.0E-5 1.7 KCK008NG,KCK005SG Yes
9.3E-6 1.6 KCK0A3NG,KCK0llSG Yes
9.3E-6 1.6 KCKOD3SG,KCK008NG Yes
9.3E-6 1.6 KCKOC3NG,KCK00 LNG Yes
9.3E-6 1.6 KCKOC3NG,KCK005SG Yes

9.3E-6 1.6 KCK0B35G,KCK0llSG Yes
9.3E-6 1.6 KCKOC3NG,KCK011SG Yes
9.3E-6 1.6 KCK0B3SG,KCK00 LNG Yes
9.3E-6 1.6 KCK0A3NG,KCK005SG Yes
9.3E-6 1.6 KCK0A3NG,KCK008NG Yes

9.3E-6 1.6 KCKOD3SG,KCK00 LNG Yes
9.3E-6 1.6 KCKOD3SG,KCK005SG Yes
9.3E-6 1.6 KCKOB3SG,KCK008NG Yes
8.4E-6 1.4 KCKOD3SG,KCKOC3NG Yes
8.4E-6 1.4 KCKOD3SG,KCKOB35G Yes
6.4E-6 1.4 KCKOB3SG,KCKOC3NG Yes

Cumulative 33.6
importance

e

e
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TABLE B-83. EECW SYSTEM CUT SETS
(LOSP)

Importance Potentially +

Unavailability (%) Cut Sets Recoverable

9E-4 4.3 ADL003AR,ADLOOlCR No
9E-4 4.3 ADL003AR,ADL003BR No
9E-4 4.3 ADL003AR,ADL001DR No
9E-4 4.3 ADLOO3BR,ADL001CR No
9E-4 4.3 ADLO01DR,ADL001BR No

9E-4 4.3 ADLOOICR,ADLOOlDR No
9E-4 4.3 ADL001AR,ADL001BR No
9E-4 4.3 ADLOO3BR,ADL001DR No
9.6E-5 0.5 KCK008NG,ADL001CR Yes
9.6E-5 0.5 KCK00 LNG,ADL003BR Yes

9.6E-5 0.5 ADLOO3BR,KCK011SG Yes
9.6E-5 0.5 ADLOO3RR,KCK005SG Yes
9.6E-5 0.5 KCK008NG,ADLO01DR Yes
9.6E-5 0.5 KCK00 LNG,ADL001DR Yes
9.6E-5 0.5 ADL003AR,KCK008NG Yes

9.6E-5 0.5 ADLOO3AR,KCK0llSG Yes
9.6E-5 0.5 KCK00 LNG,ADL001CK Yes
9.6E-5 0.5 ADL001CR,KCK0llSG Yes
9.6E-5 0.5 KCK005SG,ADL001DR Yes
9.6E-5 0.5 ADL003AR,KCK005SG Yes

Cumulative 40.4
importance

.

O
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3.4 Keep-Full System

3.4.1 Pu ryo,s e

The keep-full system at BF1 is also known as the keep-fill system and
the pressure suppression chamber water transfer system. For this report,a

it is referred to as the keep-full system and is classified as a support
system.

The function of the keep-full system is to keep the core spray system
Loops 1 and 2 and the RHR system Loops 1 and 2 filled with water. The.
c ritical section of piping in both systems (i.e. , the piping that must
remain full of water) is the section f rom the core spray /RHR pump discharge
check valves to the normally closed core spray /RHR injection valves. Keep-
ing this section of piping full of water will ensure that no piping damage
will result f rom water hammer upon core spray or RHR system initiation.

3.4.2 Sy_s_t em _Co n f_i_gu_ra t_io n
_

The keep-full system consists of two pumps, a head tank, and various
valves and piping. Figure B-38 is a simplified diagram of the system.

Tie head tank pumps take water f rom the torus via the core spray pump
suction line and maintain head tank water level while pressurizing the sys-

tem to greater than 48 psig. Pumps automatically cycle on high and low
head tank levels as shown in Table B-84.

Each pump will trip if a high differential pressure exists across the
common suction strainer or if either of the two air-operated suction valves
close. The pumps have a rated capacity of 40 gpm. Pump A is powered from
480 V RMOV Board IC, while Pump B is powered from the 480 V RMOV Board IB.

The system head tank has a capacity of 3090 gallons. When the system
pumps are not running, the water level in the head tank maintains a static
head of greater than 48 psig on the system by virtue of head tank elevation
above the system. This ensures that the associated core spray and RHR sys-
tem piping is full and pressurized at all times that the keep-fall system
valves are to supply water to the associated core spray and RHR loops.
Head tank level control is discussed in Table B-84.

There are two normally open, air-operated suction valves in the common
pump suction header. The solenoid for the air operator on valve (FCV-75-57)
is powered from the 120 V, 60 Hz, instrumentation and control Bus A, while
the solenoid for FCV-75-58 is powered from Bus B. Both valves will fail'

loss of power or loss of control air pressure. These valves areshut on
primary containment isolation system Group 2 isolation valves and will
close on high drywell pressure (2 psig) or low reactor vessel water level
(+10 inches). The valves also serve as suppression pool drain valves.

.

The system discharge paths to each core spray and RHR loop contain a
locked open, manually operated globe valve and two check valves. In addi-

tion, each loop has a backup fill system provided by valves and piping from
the condensate system. This condensate flow path is normally isolated.
However, should the keep-full system fail to maintain at least 48 psig in
the associated loops, this alternate fill path will be used.

B-419
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Figure B-38. Keep-full system.
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TABLE B-84. HEAD TANK LEVELS

Tank Level Associated
Elevation Level Switch Action

e

647 ft, 0 in. LS-75-78A Both pumps trip: high level annunciated in
control room

646 ft, 6 in. LS-75-78B Pump (s) stops
.

645 ft, 6 in. LS-75-78C One pump starts

645 ft, 0 in. LS-75-78D Both pumps start: low level annunciated in
control room

3.4.3 Fault Tree

The core spray and RHR systems are initially aligned such that the
system valves are in a normal configuration, the system is filled, and the
system is ready f or operation pending initiation signals or operator com-
mands. Also, back-leakage through system check valves is insignificant.
Given these assumptions, the keep-full system will be required to operate
if gross leakage develops in the core spray /RHR loops as a result of com-
ponent rupture or operator error, or if an operator intentionally drains a
loop, in the latter case, the associated keep-full system supply line should
be isolated. In the former case, the rupture or operator error causes loop
failure regardless of the status of the keep-full system. In order to
intentionally drain a loop, the operator must violate a number of procedures
and ignore several indications and alarms in order to cause failure of the
keep-tull system. This operator action is incorporated in the test and
maintenance contribution to the f ailure rates of the core spray and RHR
systems.

Since faults in the keep-full system will not disable the RHR or core
spray system unless a fault in the RHR or core spray systems has already
disabled them, it is unnecessary to model keep-full system faults.

3.5 Condenser Circulating Water System

. 3.5.1 Purpose

The CCW system is designed to provide an efficient means of rejecting
waste heat by providing flow to the condensers that condense the steam
formed during the power generation cycle or followinF P ant shutdown.l

*
3.5.2 System Configuration

overall Configuration. The CCW system is designed to provide a flow
ot 630,000 gpm to the condenser during open cycle operation and 30,000 gpm
to the auxiliaries of each unit. The system consists of three pumps per
unit, each with a capacity of 220,000 ppm at a design head of 32.5 feet.

B-421
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The full power requirements of each generating unit are satisfied by that
unit's respective group of three CCW pumps. A simplified diagram of the
CCW system is shown as Figure B-39.

,

Each of the three pump discharge lines are equipped with a 96-inch
diameter motor-operated butterfly valve. The three discharge lines are *

brought together into a single tunnel that varies throughout its length from
an 18.5-foot diameter round culvert to a 14.5 x 14.5-foot square culvert.
The condenser circulating water is carried to the condenser via this tunnel.
The condenser discharge passes to the discharge tunnel and then on to either
the warm water channel to the cooling towers or to the discharge diffusers. +

The CCW system is capable of operating in any of three possible modes.
1hese three modes of operation are referred to as the open mode, the closed
mode, and the helper mode. In the open mode, water is drawn into the cir-
culating water pumping station forebay, pumped through the main condenser,
passed through Gate IA, and discharged back into the reservoir through the
diffusers.

In the closed operating mode, water is returned to the pumping station
forebay from the cooling towers, pumped through the main condenser, diverted
through the vacuuu loop into the warm water channel going to the cooling
towers, pumped out of the warm water channel, and through the cooling towers
by the lift pumps.

In the helper mode, water is drawn into the circulating water pumping
station forebay, through the main condenser, diverted through the vacuum
loop into the warm water channel going to the cooling towers, and pumped
out of the warm water channel through the cooling towers by the lift pumps.
The discharge from the cooling towers is discharged back to the reservoir
via the discharge diffusers.

T he Unit I condenser is actually composed of three condensing units,
identified as Condensers lA, IE, and IC. Each condenser unit is served by
two inlet lines and two discharge lines. Each inlet line and each discharge
line is equipped with a motorized flew control valve. The CCW system is
normally operating during plant operation. All valves are normally open
and all pumps are normally running.

System Intertaces. During the examination of the CCW system, inter-
taces between major CCW system cempenents and auxiliary systems were iden-
tified. The three Unit 1 CCW pumps (IA, IB, and IC) are powered off of 4 kV
unit Boards lA, IB, and IC, respectively. The FSAR states that a procedure

,

exists that a1 lows for the provisien of emergency AC power to the CCW pumps
by hooking up t wo parallel die 3el generators. However, it was assumed that
under high stress conditions, this operater action is not likely to occur
and, thus, no interface between the CCW system ar.d the onsite emergency AC
power system was included in this analysis.

.

The CCW pumps also interface with the raw water system that provides
lobe water to the CCW purps.

Because the CCW system is normally operating during plant operation,
detection of the unavailability of these interfacing support systems would

very quickly.occur
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[ns[[yminga[[gn_and Control. The CCW system, as stated earlier, is a
normally operating system that serves to condense steam formed during the
power generat ion cycle. As such, this system does not require any sort of
initiation signm i and is not subject to initiation-type faults such as pumps
failing to start or valves failing to open.

.

The only system control requirement for successful operation of the

CCW system is that in the event that any two of the three Unit 1 CCW pumps
become unavailable, the operator must throttle the six condenser discharge
valves in order to maintain suf ficient pump head.

+

Testin,q. The CCW system is operating during normal plant operation
and, thus, is not subject to periodic system testing. The system is, in
effect, being constantly tested. As such, the availability of the CCW
system is not ef fected by a testing schedule.

Maintenance. There are no scheduled maintenance procedures associated
with the CCW system. Maintenance is performed on CCW components only when
they develop some apparent operational problem. Scheduled maintenance is,
thus, not a contributor to the unavailability of the CCW system.

Te c h n i c a l Sy e c_i_f i c a t_i o n _L_im,i t_a t_i o_n s . The CCW system is not specifi-
cally subject to any technical specification limitations that effect system
unavailability.

3.5.3 Oy_e ra t_i_o_n

Operation of the CCW system is discussed in the previous subsection,
"Overall Configuration."

3.5.4 Fault Tree

The CCW system operntes during normal power operation. For this rea-
son, the CCW is not required to change state in response to the LOCA or
t rans ient condicion nor are components within the system required to change
state or position. During normal poser operation, three CCW pumps serve
Unit 1. Following scram, only one CCW pump is required to condense shutdown
ster..

Since the FCW system is in operation during normal power operation, a
fault tree model of the CCW system was not coastructed for the following
reasons: (a) the operational requirements o f CCW pump availability are
less stringent following scram than they a:ce during power operat ion , and .

(b) the CCW may be obtained from Units 2 o r 3, if necessary.

An additional consideration that led to the decision not to model CCW
faults is that a good base of data describing f ailures of boiling water
reactor PCS in response to transients exist in documents such as Electric
Power Research Inst itutes EPRI NP-801. CCW f aults a re described within the -

context of PCS failures, and, as such, no new or significant information
would be generated as a result of performing a fault tree analysis of the

BF1 CCW system.
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3.6 Raw C,oo_li,ng Water Sys,t m
_

3.6.1 Pu_ry,o s e,

The RCW system furnishes cooling water to various nonsafety-related
in plant cooling loads during normal operations. The purpose of the RCW-

system is to remove heat from the RHR pump seals and room coolers under
shutdown conditions other than LOSP conditions. The RCW system is not a
safety-related system nor does it interface with any safety-related systems
other than the interconnection with the RHR pump seals and room coolers.
The purpose of this interconnection is to obviate the need for operation of.
the EECW system during normal shutdown. That is, the RCWS can remove the
RHR pump heat loads during long-term decay heat removal when the RHR pumps
are used in the shutdown cooling or torus cooling modes. Although the EECW
automatically assumes these and other safety-related loads under LOCA con-
ditions and for most of the transients considered in this study, the RCWS

is still available should EECW fail.

3.6.2 Sy_s,t_e_m _ Con f_i_gu ra t_i_o n

Browns Ferry Nuclear Station has 11 main raw cooling water (RCW) pumps
of which two are spares. Units 1 and 2 are supplied by six RCW pumps with
one common pump as a spare. The RCW pumps are supplied river water from
the CCW intake conduits. Suction headers for Units 1 and 2 are intercon-
nected. All of the RCW pumps discharge into a common (three unit) cooling
header system.

Three pumps are required for each unit during normal operations. Upon
normal unit shutdown, there is still a need by that unit for at least one
RCW pump f or miscellaneous cooling services. If Unit 1 is shutdown and
Unit 2 is operating, no more than four pumps are required for the 2 units.

The RCW system pumps are powered from the 4160 V nonsafety-related
unit buses. Under LOSP conditions the D s9are pump can be manually con-
nected to the Unit 1 and 2 4160 V shutdown Board A bus supplied by Diesel
Generator A. The purpose of this connection is to supply water to selected
turbine auxiliary equipment to prevent equipment damage and to assist get-
ting back into power operation. However, one RCW pump is insufficient to
supply both Units 1 and 2 cooling loads. Therefore, no credit is taken for

this manual connection for the LOSP transient.

In the event that the pressure in the RCW header that supplies the RHR
cooling loads decreases to a preset value, pressure switches sense the drop

,

and start the EECW pumps.

To conserve RCW, an automatic air-operated valve is provided in each
RCW supply line, controlled by the operation of the RHR pumps it serves.
Figure B-40 is a simplified diagram of the RCW system showing only the
Unit 1 pumps, major headers, and the interconnection with the EECW for the*

RHR pump seals and room coolers.
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3.6.3 Fault Tree

The RCW system operates during normal power operation. Thus, the RCW
system is not required to change state in response to a LOCA or transient
condition nor are components within the system required to change state
other than the valves in the lines supplying the RHR pump seal coolers and*

room coolers. Since the RCW system is in operation during normal power
operation, a detailed fault model of the RCW system was not required for;

j the following reasons: (a) the operational requirements of RCW system pump ;

availability are less stringent following scram than they are during power
operation (only one pump required), and (b) the RCW may be obtained from

_

4
#

| Units 2 or 3, if necessary. Part 25 of the RHR fault tree delineates the
cooling f aults for each of the RHR pumps. As shown by this portion of the
model, inadequate pump. seal cooling or room cooling can occur only if both
RCW and EECW cooling to the associated heat exchangers are lost.

The fault tree model representing loss of RCW to the RHR pump seal
coolers and heat exchangers is shown as Figure B-41. The house event for

j
loss of offsite power (HOUSELOP) is provided to indicate that the RCW sys-
tem is f ailed with a probability of 1.0 for LOSP when "on." When "off,"

3 represents a failure rate of 2.7 x 10-5/hr for LOSP at' the house event
Browns Ferry subsequent to occurrence of any other initiating event. Also
shown on the fault model are those RCW system components that must change

;

state to supply the RHR cooling loads; in addition, since the RCW flow path
through the RHR heat exchangers is the same as that for EECW, the common
EECW flow path faults (designated K ) are listed. The RCWS fault tree
was combined quantitatively with the EECW fault tree to account for these
commonalities when considering loss of RHR pump seal and room cooling.

4

RCW fault event descriptions and associated failure data are provided
,

in Table B-85. The EECW faults shown on the tree can be found in the EECW
fault summary form, Table B-81.

3.7 Reactor Protection System

3.7.1 Purpose

| The RPS monitors key plant parameters in order to protect against con-

! ditions that could damage the fuel or reactor pressure boundary integrity.
The RPS automatically initiates a reactor scram in order to preserve clad-
ding integrity, protect the reactor coolant pressure boundary, minimize the
energy that must be absorbed following a LOCA, ano prevent subsequent

,

recriticality.
,

3.7.2 System Configuration
i The RPS includes the sensors, relays, and switebes that <letect abnormal

conditions and initiate a rapid insertion of the control rods to shut down
the reactor. The system consists of two independent trip systems (A and B),*

each having two automatic scram channels (A1, A2, B1, and B2) and one manual
iscram channel (A3 and B3). Scram initiation requires a trip of at least

one channel from each trip system. Power to each RPS trip system is from
an independent RPS bus fed by an AC motor generator. The RPS channels are
designed to initiate a scram upon loss of power to the system. Figure B-42
shows RPS Channel A. Channel B is similar.
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Figure B-41. RCW fault tree.
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TABLE B-85. RCW SYSTEM FAULT SUMMARY SliORT FORM

Primary Failure

Fault

Event Failure Failure Duration Error

Name Event Component Mode Rate (br) Factor

UVA135UP Air-operated Valve FCV-24-135 Does not 3E-4/D -- 3

open

UVA138UP sur-operated Valve FCV-24-138 3E-4/D --

c
UCK135UP Check Valve 24-707 IE-4/D --

UCK138UP Check Valve 24-730 1E-4/D --
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3.7.3 Fault Tree

The Browns Ferry RPS is very similar to the Peach Bottom system modeled
in WASH-1400 and was, therefore, not analyzed for this report. NUREG-0460
provides the value for failure to achieve subcriticality (3 x 10-5/ demand).
This vdlue takes into account RPS failures..

For the majority of accident sequences, no mitigating systems other
than the CRDH system required use of the RPS. For one case, transients

where the PCS is available and the reactor subcriticality systems fail, the
recirculation pump trip. requires an input from the RPS. The value used foro
RPS failure in this case is the 1.9 x 10-6 for common mode failures from
WASH-1400. This value was chosen since it represents failures that would
aisable both the reactor scram systems and recirculation pump trip system.

3.8 Equipment Area Cooling System

3.8.1 Purpose

The EAC system cools the air in a specific location or for a specific
component.

3.8.2 System configuration

1he EAC system is pot a system, per se. Nevertheless, in this analy-

sis, the EAC system is considered to be the individual area for, the asso-
ciated cooler, the cooling water interface to the cooler, and the power
supply and control circuit for the fan. Figure B-43 is a simplified
diagram of the EAC system.

This analysis determined that the only equipment area cooling systems
that were important for correctly modeling front-line system response were
those associated with each of the RHR pumps. When these pumps are required
to run in the RHR system shutdown cooling or torus cooling modes, the pumps
may run for relatively long periods of time. Consequently, lack of area

cooling for the pump surroundings will ultimately lead to pump failure.
The remaining ECCS pumps run for relatively short periods. Therefore, they
do not require EAC for successful operation.

There is a fan for each RHR pump. The A and C RHR pump fans are
powered from 480 V RMOV Board 1A. The B and D RHR pump fans are powered
f rom 480 V RMOV Board IB. The cooling water supply to each of the asso-
ciated coolers is from cither the RCW system during normal plant conditions
or the EECW system during abnormal plant conditions."

3.8.3 Fault Tree

There is no fault tree for the EAC system. The EAC system component
faults are shown in the appropriate branches of the RHR system fault tree.-
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4. HUMAN ERROR MODELS AND PROBABILITIES

Initial guidelines for IREP human error analysis suggested that all
human error probabilities be assigned a value of 0.1. The intention was to
screen the human error interfaces using this value and thereby identify the
important human error contributions to system unavailability. Additional-.

' emphasis would be placed on these important interfaces, and more sophisti-
cated analytical methods would be used to refine the ascociated human error

.

probability. Consequently, the system fault trees were originally con-
' structed and evaluated using this screening value for all human error inter-

faces. As a result, the human errors completely dominated the system4 4
unavailabilities and, in most cases, masked any significant hardware con-
tributions. This was unacceptable for several reasons. Engineering judge-

,

ment identified many of these dominant human errors as unrealistic. In

addition, certain hardware contributions were expected to be more important
than indicated by the model results. These expectations were derived
largely by insights gained during the system analysis that is necessary for
model construction. Consequently, the screening method was reevaluated.

1

In the end, a case-by-case evaluation of each interface was conducted,
i and screening values of either 0.01 or 0.001 were assigned to each human

error interface in the models. The decision as to which value to assign to
the interface was largely influenced by general consideration of the human
error factors that led to postulation of the human error event in the first
place. This second screening method identified several potentially signi-
f icant human error interf aces and these were analyzed in more detail by

7supplying the analytical methods suggested in NUREG/CR-1278 . The results
of these analyses are discussed in this section. Table B-86 summarizes the
human error probabilities derived from these analyses. Explanation and use-

of the associated error factors is discussed in detail in Section 5.3 of
Appendix C. Figures B-44 through B-51 depict the human error models used
in these analyses. (In the figures, the branch points, called " steps," are
designated with the letters "A," "B," "C," etc.)

4.1 Miscalibration Errors

Two significant maintenance activities were identified and analyzed.
Errors associated with these maintenance activities could degrade more than

one system, which is one reason for their significance.

If reactor level switches (LIS-3-58A through 58D) are miscalibrated ,
the HPCI, RCIC, RHR (LPCI mode), and core spray systems could be directly
affected. Figure B-44 depicts the human error model used to derive a human,

error probability (HEP) for this event. Table B-87 provides the event'

descriptions of the level switch model; Box A provides detailed explanations
of the assumptions and rationale used to develop the level switch model.
The derived value, 2.4 x 10-5, applies only to one level switch.

We assumed there would be low dependence among the four switches for*

the common maintenance error. This assumption was based on several observa-
tions. The procedure used by the maintenance person (SI 4.2.B-1; see
Attachment B), implies that the instruments will be calibrated sequentially.
As a result. it was further assumed that the instruments would be calibrated

i

'
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TABLE B-86. IREP HUMAN ERROR PROBABILITIES

H,uman
*

Error Error Model
Description HEP Factor (Figure Number)

Miscalibration Errors
6

1. Maintenance person causes fail- 2.4 x 10-5 10 B-44
ure of reactor level switches

2. Maintenance person causes fail- 0.001 10 B-45
ure of drywell pressure switches

Operational Errors

3. Operator fails to manually 0.003 10 B-46
depressurize the reactor

4. Operator fails to transfer RCIC 0.0015 10 B-47
suction to the torus

5. Operator fails to manually 0.0045 10 B-48
isolate RCIC pump suction from
the CST

6. Operator fails to initiate 5.5 x 10-4 10 B-49
RHRSW cooling

7. Operator fails to initiate SBCS 0.005 10 B-50

8. Operator fails to transfer 0.001 10 --

electrical bus to alternate
supply

9. Operator fails to initiate 0.001 10 --

torus cooling

10. Operator fails to initiate 0.001 10 -

shutdown cooling
a

11. Operator fails to manually 1.8 x 10-4 10 B-51
depressurize the reactor (with
reccvery)

-
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A B C D E F G H

0 95

02 0 99

0.9935 1.4 E45
Maintenance person causes

f ailure of reactor level 0.5 0.01
2.8E-06switches * 0.9935

!
00065

(See Table B-87 for event 1.8E-06
descriptions)

T 0 05 0 99
z~

$ 0 9935 3.7E46
0 003

0.5 0 01 74E47

* This model applies only to level switches: 0.0065i

LIS.3 58A (72A)
LITS-3-588 (79A) ,

LIS-3-58C (728)
LITS-3 58D (798)

0 0065 0.99

0.9935
' 4.8E47

0.010.5 9.7E-08

0.0065 6.3E-08

HEP = 2.4E-05

INEL 21615
Figure B-44 11EM--maintenance person causes f ailure of reactor

level switches (see Bo:r A).
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BOX A. ASSUMPTIONS AND RATIONALE FOR THE LEVEL SWITCH MODEL

1. See Attachment B for relevant procedures (SI 4.2.B-1).
.

2. Errors of administrative control are not included in the model. It

was assumed that the maintenance person would always take the pro-
cedure with him to perform the maintenance activity. Whether or not
he followed the procedure once he began maintenance activities would

4 still result in the same six steps being critical to successful per-
formance of Step A. An HEP could not be determined that takes into
account the maintenance person's ability return the lineup to normal

given memorization to the proper procedure, redundancy of the act, and
simplicity of the act. It was assumed that the HEP would not be sig-

nificantly different from the error probability associated with
following a short procedure with no checkoff provisions.

3. Errors of commission on the part of the maintenance person are pos-
sible. That is, the maintenance act could damage the instrument.
However, these errors would have to be combined with the errors of
omission (failure to detect the damaged or improperly aligned instru-
ment) and the model results would essentially remain unchanged.
Deliberate acts (cabotage) were not considered.

4. Step E was included in the model because of years of similar experience
on the part of the analysts involved in construction of the model.
This type of activity is common practice for maintenance personnel
anytime components are being returned to service. The procedures do
have a step that alludes to this activity (Step 4.47), but Step 4.47
was considered in the complete dependence assumption of Step A. What
the analysts are attempting to consider in Step E is " good engineering
practice" that comes with many years of experience and will be per-
formed regardless of the existence of a procedure to direct the action
be taken. The HEP of 0.5 associated with Step E is probably overly

conservative. However, since no guidance could be readily determined
from the NUREG, this HEP was considered appropriate.

5. Steps B, E, and F are considered to be recovery factors.

6. It was assumed that there is zero dependence between operators and
maintenance persons. This is primarily because they are physically
separated during their activities. The same assumption was used for

,

dependence between the maintenance persons and the assistant shift
engineer. Zero dependence was also assumed between the assistant shift
engineer and the operator, because it was assumed that the assistant
shift engineer's activities were normally external to the control room
and he would only enter the control room to make specific checks that
would in no way technically involve the operator.*
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A B

Maintenance person causes fd.iture of
drywell pressure switches *

O 001

A. Maintenance person fails to correctly return pressure switch
to normal. ,

g

j Significant factors: 1. Short list 0.5 0.001 ,

u 2. With checkoff provisions
HEP = 0.001* HEP source:** Table 20-20, page 20'29, (with checkoff provisions,

short list), items 1 and 4
HEP value: Short list 0.001

improperly used checkoff provisions-0.003
i = 0.002

B. Maintenance person f ails to verify that the instrument is valved
in properly.

Significant factors: 1. Low dependence with rest of procedure
2. Strictly a judgment HEP by the analyst

HEP source:** 1. Page 152, second paragraph
2. Engineering judgment

HEP value: 0.5

*This model applies only to pressure switches:

PS44-58A (1018)
PS-64 58B (101 A)
PS44-58C (101D)
PS-64-580 (101C)

ML 21616* * HEP source of information is NUREG/CR-1278.

\
Figure B-45. HEM--inaintenance person,causes failure of drywell

pressure switches (see Box B).
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BOX B. ASSUMPTIONS AND RATIONALE FOR THE DRYWELL PRESSURE SWITCH MODEL

1. See Attachment C for relevant procedures (SI 4.2.B-5 and IMI-202).

2. Errors of administrative control were not considered in this model for
the same reasons as discussed in Remark 2 of Box A.

3. Errors of commission on the part of the maintenance person are pos-
sible. However, the model results would remain essentially the same
if these errors were considered. See Remark 3 of Box A for further
explanation.

4. Step B was put in the model to allow for " good engineering practice."
Remark 4 of Box A discusses this HEP in detail.

5. There are few chances for recovery once this maintenance error has been
committed. The assumption is that " normal" indication of drywell
pressure in the control room is usually zero. Also, an additional

assumption is that the limitinF maintenance error would be one that
resulted in a zero output from the drywell instruments. Therefore,
the maintenance person would always be responsible for any recovery
actions.

.

O

P
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A B C

0.999

0.999 0.002

Operator fails to man-
0.0005

ually depressurize the 0.0005
reactor (Event V in the
transient event trees)

0.0005 0.0005

0.003

? A. Shif t supervisor falls to reccgnize C. Operator selects wrong controls.
$ need to depressurize.

Significant factors: 1. Functionally grouped set of
Significant factors: 1. Will fall to make a correct response controls

with an HEP of 0.0001 2. Moderately high stress
2. Plant is in translent condition HEP source: * Table 20-13, pg. 20-19, item 2;
3. Moderately high stress; dynamic task and Table 20-23, pg. 20-32,

HEP source: * Page 10-9; and Table 20-23,pg. 20-32 item 3

HEP value: 0.0001 (pg.109) x 5 (pg. 20-23)= 0.0005 HEP value: 0.001 (pg. 20-19) x 2 (pg. 20-32)
=022

B. Operator fails to follow correct
procedure.

Significant factors: 1. Oral instruction to depressurize * HEP source of information is NUREGICR-1278.
2. Only one item to recall
3. Also recognizes need to depressurize

HEP source:* Table 20-15, pg. 20-23, item 2

HEP value: 0.0005 (lower bound) INEL 21677'

Figure B-46. HEM--operator fails to inanually depressurize
the reactor (see Box C).
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BOX C. ASSUMPTIONS AND RATIONALE FOR THE MANUAL DEPRESSURIZATION NODEL
.

1. The intent of Step A is to account for the probability that the shift
supervisor may not recognize the need to manually depressurize the
plant. The operators will probably not depressurize without the shift
supervisor's orders. Therefore, the decision by the shift supervisor
to give the order to depressurize could be critical. For this event,

g the plant is considered to be in a transient condition. This assump-
tion follows from the fact that manual depressurization (Event V) is
shown in the transient event trees. In addition, it is assumed that

the shift supervisor will be performing under moderately high stress
due to the transient condition and also due to the nature of the
critical decision he must make. A stress multiplier of five is used
because it is assumed that there is dynamic interplay between the
shift supervisor and system indications.

2. Step B accounts for the probability that the operator will fail to
take steps to depressurize the reactor, given he has been ordered to
do so by the shift supervisor. It is assumed that only one oral
instruction to depressurize the plant will be given. Therefore, the
operator will only have to recall one item. This HEP also is recom-
mended for quantifying failure to initiate a task, which is also
implied by this step. The lower bound for the HEP was picked for
several reasons. The operator will probably be aware of the need to
depressurize and only be awaiting orders. In addition, once given the

orders, it is unlikely that he will fail to carry them out, due to the
critical nature of the action. The operator will also be aware that
the shift supervisor will probably be closely monitoring his actions,
so he will be less likely co forget to carry out the task.

3. Even though the operator fully intends to carry out the order, there
is still a likelihood that the wrong controls will be selected for the
task. Step C accounts for this probability. The controls for
manually depressurizing the reactor are assumed to be arranged in a
functionally grouped set. Like the shift supervisor, the operator is
also assumed to be under moderately high stress for similar reasons.
However, in the case of the operator, there will be only one action to
carry out and that is to open the relief valve (s). Since the only

operator action required is to manually open the relief valve (s), it
* is assumed that this will be memorized action and no step-by-step pro-

cedure will be required. It is also assumed, at least for purposes of

depressurizing the reactor, that there will be no dynamic interaction
between the operator and the system indications. This is due to the
simple nature of the procedure. Consequently, a stress factor of 2 is

*5 used rather than a factor of 5.
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A B

0.999

0.0005 0.0005

Operator fails te transfer RCIC suction
to the torus. (Applicable basic event: OXFER000)

to

$- A. Operator fails to follow verbal instructions.
V
ro Significant factors: 1. Oral instruction to transfer suction

to U us 0.001 0.001
2. Only one item to recall HEP = 0.0015

HEP source: * Table 20-18, page 20-28, item 1

HEP value: 0 001

B. Operator f ails to open FCV-7117 and 18.
Significant factors: 1. CD between valves

2. Panel has clearly drawn mimic lines
HEP source:* Table 20-13, page 20-19, item 3

HEP value: 0.0005

* HEP source of information is NUREG/CR4278. INEL 21618

Figure B-47. HEM--operator fails to transfer RCIC suction to
the torus (see Box D).
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BOX D. ASSUMPTIONS AND RATIONALE FOR THE RCIC SUCTION TRANSFER MODEL

1. Based on the results of engineering analyses performed by TVA (FSAR,
Appendix Q), it is assumed that this operator action will not be*
required for at least 8 hours following the transient. Consequently,
it is assumed that the operator will be performing under optimum stress
conditions. It should be noted that the overall risk assessment
assumes that the RCIC system will not require suction transfer during
LOCA conditions; therefore, the LOCA stress factors do not apply for
this human error model.

2. Step A reflects the probability that the operator fails to follow
verbal instructions to initiate RCIC suction transfer. The assumption
is that the shift supervisor will always make this decision and that
the suction transfer will not take place without the authorization of
the shift supervisor. There should also be adequate time for the
shift supervisor to make this decision. It is further assumed that
only a single order to transfer RCIC suction to the torus will be
given to the operator. Consequently, the operator will only have one
item to recall.

3. Once the operator decides to transfer RCIC suction, there are two
valves he must open: FC'!-71-17 and 18. Since this is a straight for-

ward and simple action, .e is assumed that no written procedure is
necessary, and the opera <.r can easily perform the action from memory.
However, the operator could select the wrong valves to operate. This
possibility is shown in Step B. Complete dependence is assumed between
FCV-71-17 and 18 because their controls are both located on the same
panel and adjacent to each other. In addition, mimic lines clearly
indicate their function. Consequently, it is assumed they will be
operated as a pair, as intended by design, and their operation will be
completely dependent.

a
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A B C

0.999

0M5
0.0005

0.997

Operator fails to manually isolate RCIC 0 001
0.001pump suction from the CST (Applicable basic event:

OVM019UD)

0.003 0.003

T HEP = 0.0045
{ A. Operator checks wrong indicator lamp.
" Significant factors: 1. Array of lamps

HEP source:* Table 20-7. page 20-12,liem 8

HEP value: 0.003

B. Operator misinterprets the indication on the indicator lamp.
Significant factors: None

HEP source:* Table 20-7, page 20-12, item 9
HEP value: 0.001

C. Operator f ails to shut FCV-7119.

Significant f actors: 1. Clearly drawn mimic lines

HEP source: * Table 20-13. page 20-19, item 3

HEP value: 0.0005

* HEP source of information is NUREGICR-1278.

Figure B-48. HEM--operator fails to manually isolate RCIC pump
suction for the CST (see Box E).
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BOX E. ASSUMPTIONS AND RATIONALE FOR THE RCIC SUCTION ISOLATION MODEL

,
1. Optimum stress is assumed in this model for the reasons discussed in

Box D, Remark 1.

2. This action is required upon transfer of RCIC pump suction. Normally,
FCV-71-19 will close automatically. However, if automatic closure
fails, the operator can still override the failed automatic circuit and
manually close the valve. This model is intended to quantify failure
to perform the manual closure of the valve.

3. Since the operator's cue to perform this task is the manual transfer
of RCIC suction, it is assumed that the operator will initiate this
task when he is shifting suction and he notices that FCV-71-19 does
not close when FCV-71-17 and 18 are opened. However, there is a pos-
sibility that the operator could check the wrong position indicator
lamp out of the array of indicator lamps on the FCIC mimic board.
This is reflected in Step A.

4. It is also possible that the operator could check the correct position
indicator lamp but misinterpret the lamp as indicating the valve is
closed when, in fact, the valve is open. Step B depicts this
probability.

5. Finally, given that the operator recognizes the need to close the valve
by correct interpretation of FCV-71-19 valve position indication, there
is still a possibility that he will operate the wrong valve. Step C

shows this probability.

6. Again, due to the simplicity of the required procedure, it is assumed
that the correct procedure is memorized by the operator and no written
procedure for this action is require.

5

d
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A B C

0.95

0.0005
4.75E-04

Operator fails to initiate RHRSW cooling.
(Applicable basic events: SO1023AD

SOIO23BD
sol 023CD OM
sol 023DD )

0CCOS
2.5E-05

0.05

A. Operator fails to initiate RHRSW cooling in accordance
with EOl-36 at 30 minutes following the initiating event.

T Significant factors: 1. Nonpassive control room task 0.001 5.0E 05
v
d HEP source:* Table 14-3, page 1412,ltem 4 HEP = 5.5E-04
x

HEP value: 0.05

B. Operator f ails to respond to annunciator at 40 minutes
following the initiating event.
Significant factors: 1. Annunciators functionally grouped

2. Transient or LOCA in progress;
therefore, interruptions and distractions

HEP source: * Page 10-9, page 1011

HEP value: 0.0001 (page 10'9) X 10 (page 10-11) = 0.001

C. Operator selects wrong pump and valve controls.

Significant factors: 1. CD between corresponding pump and valve
Controls

2. Clearly drawn mimic lines

HEP source: * Table 2013, page 2019. Item 3

HEP value: 0.0005
INEL 21620

* HEP source of information is NUREGICR 1278.

Figure B-49. HEM--operator fails to initiate RHRSW cooling (see Box F).
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BOX F. ASSUMPTIONS AND RATIONALE FOR THE RHRSW COOLING INITIATION MODEL

1. Step A depicts the probability that the operator will not initiate
RHRSW cooling 30 min from the initiation of the transient or LOCA
event. Major assumptions here are that the operator will be required
to perform this task by E01-36, but due to the nature of the initiat-
ing event, he is likely not to use E01-36 and, therefore, not be aware
of the requirement for RHRSW until he receives a suppression pool high
temperature alarm approximately 40 min subsequent to the initiating
event.

2. Even though the high temperature alarm sounds, the operator may still
fail to respond. In this case, there are probably many other inter-
ruptions and distractions taking place, which could increase the like-
lihood of the operator ignoring the alarm. This is indicated by
Step B.

3. If the operator follows the correct procedures or responds to the high
temperature alarm, he may still operate the wrong RHRSW pump and valve
controls. Both the pump and valve controls are located in proximity
on the RHRSW mimic panel. Therefore, complete dependence is assumed
between the pump and valve controls. That is, the assumption is if
the operator fails to operate one RHRSW control he will fail to operate
any of the R11RSW controls.

a
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A B C

0.997

0.001
0.001

0.999

OM3 0.003
Operator fails to initiate standby
coolant supply. (Applicable basic event:
XEOl041D)

0.0010.001
HEP = 0.005A. Operator falls to follow verbal instructions.y

Significant factors: 1. Will be ordered by shif t supervisor
g to initiate standby coolant supply
m 2. Only one item to recall

HEP source:* Table 2018, page 20-28, item 1

HEP value: 0.001

B. Operator f ails to correctly follow written procedures (EOI 41).

Significant factors: 1. Short list; no checkoff provisions
2. Experienced person; step-by step task

HEP source:* Table 20-20, page 20-29, item 4

HEP value: 0.003

C. Operator selects wrong controls.

Significant factors: 1. Functionally grouped set of controls

HEP source:* Table 2013, page 20-19,ltem 2

HEP value: 0.001 INEL 21621

* HEP source of information is NUREGICR-1278.

Figure B-50. HEM--operator fails to initiate SBCS (see Box C).
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BOX G. ASSUMPTIONS AND RATIONALE FOR THE SBCS INITIATION MODEL

+ 1. It is assumed that many hours or even days will have passed before it
is necessary to carry out this operation. Therefore, there should be
no recognition error as the need to initiate SBCS is concerned. There
should be many people on hand to recognize that need and give the order
to initiate SBCS, if necessary.

2. Stress, on the part of the operator, will probably be moderately high,
due to the nature of the act he is about to perform (i.e., pump river
water into the reactor vessel). However, it is ascumed that as long
as his actions can be monitored, stress errors will be minimized by
direct and concentrated supervision.

3. Step A is the failure of the operator to follow orders to initiate
SBCS. It is assumed that stress errors are counteracted by close
supervision. Only a single order will be given to initiate SBCS in
accordance with E01-41.

4. Step B shows the likelihood of the operator omitting a step in the
written procedure for this action (see Attachment D for the relevant
procedure, E01-41).

I

5. It is assumed that the controls for SBCS initiation are functionally
grouped on the RHRSW control panel. The operator error of selecting
the wrong controls once he has read the procedure is depicted by
Step C. Again, stress errors are assumed to be minimized by close
supervision. Due to the simplicity of the procedure and the proximity
of the SBCS coolant supply system controls, complete dependence is
also assumed for operation of these components.

.
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A B C D E F G

0.9905
0.002

0.14
0.9995 0.5

1.4 E-4

0.0005
0.14 i

' 0.5 3.5E-5

0.9995Operator fails to manually
depressurize the reactor (with recovery) 0.002
(Event V in the transient event trees) 0,14

l' O.86 , 0.5
1

Ed

$
0.0005

0.14 i

i .50
E

0.0005

0.9995
0.002

0.14 g
0.86 0.5i

E

0.14 0.0005
0.14

i

i .50
E

0.14 9.8E-6

l *0b"4INEL 21678

Figure B-51. IIEM--operator fails to snanually depressurize the reactor
(with recovery) (see Box H and Table 88).
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BOX H. ASSUMPTIONS AND RATIONALE FOR THE MANUAL DEPRESSURIZATION MODEL
(WITH RECOVERY)

i 1. It is assumed that this human action will not take place until approx-
imately 40 min subsequent to the initiating event. Therefore, it is
further assumed that the shif t supervisor and two operators will be
present in the control room.

2. It is assumed that there is a moderate level of dependence between the
shift supervisor and each of the two operators. A high level of
dependence is assumed between the two operators.

3. Where applicable, when the operator or shift supervisor recognizes
that an error has been made, it is assumed that full recovery will
take place. That is, the error will not be repeated,

b
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TABLE B-87. EVENT DESCRIPTIONS FOR THE LEVEL SWITCH MODEL

!

J Event Sianificant Factors HEP Source * KgP Value

4
1

A. Maintenance person fails to Six steps in procedure with Table 20-20. Page 20-29, 0.003
)

correctly return the level complete dependence item 4 (no checkoff provi-
i

1 instrument to service sions; short list)

! No checkoff provided

f B. Maintenance person fails to Long list Table 20-20, Page 20-29 Long list--0.003

; notify operater items 2 and 5 (with checkoff
provisions; long list)

|1
With checkoff provisions Improperly used checkof f

,

'

provis ions--0.01
e

s = 0.0065

C. Operstor fails to verify Not required by procedure Table 20-22, Page 20-31, 0.05 (upper bound)
correct level item 1 (carry out a plant

Could be busy with other policy when there is no check
concerns on a person)

i D. Operator reads / interprets Analog meter with no limit Table 15-1 Page 15-3, item 2 02
level incorrectly marks (usual monitoring withouti

og written materials)I
** Just skins meters; no written

{$ material to tell him what to
look for

!

E. Maintenance person fails e.o Low dependence with rest of Page 15-2, second paragraph 0.5'

verify that the instrument procedure
is valved in properly

Strictly a judgment HEP by the Engineering judgement
analyst

J

F. Maintenance person fails to Long list Same as B. above 0.0065

j notify the assistant shift
engineer when maintenance With checkoff provisioas

;

is completei

G. Assistant shift engineer Not required by procedure Same as C. above 0.01
i fails to verify correct

]
level Not busy with other concerns

H. Assistant shift engineer Short-term, one-of-a-kind Table 20-9. Page 20-14, 0.05
'

reads / interprets level check Ite-s 3 (special short-term.

I incorrectly one-of-a-kind checking)
Supervisor checking perform-
ance of maintenance person

1

i

3
HEP information source is NUREC/CR-1278.a.

** - g 3
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in approximately the same time f rame (i.e. , all in one shif t or on consecu-
tive shifts). Thus, the final assumption was that these instruments must
have some level of dependence for this maintenance error, and that level of
dependence was judged to be " low." These switches are also arranged in a
one-out-of-two-twice logic; thus, one of two pairs of switches must fail in

$ order to fail the level circuit; specifically, Switches 58A and 58C must
fail together or 58B and 58D must fail together.

Given the independent value, 2.4 x 10-5, for failure of a level
switch, and using the NUREG/CR-1278 (Page 7-30) formula for low dependence
among the level switches, the probability that the maintenance person causes

*
f ailure of the level circuit is:

1 + 19(2.4 x 10-5)
P(58C|58A|LD) - = 0. 0 5

20

P(58D|58B|LD)=0.05,

therefore

P(58Aand58C|LD)=0.05(2.4x10-5) = 1.2 x 10-6 ,

and

-6
P(58B and 5dD|LD) = 1.2 x 10 ,

Since f ailure of either pair will f ail the circuit, the joint probabil-

ity of circuit f ailure given low dependence among the four level switches
is:

P(circuit failure |LD)=2(1.2x10~ ) = 2.4 x 10 .

Th is value ( 2.4 x 10-6) is the HEP used in the associated fault trees
to account for this miscalibration error. The associated basic event code
is OPSLLVLX.

If drywell pressure switches (PS-64-58A through 58D) are miscalibrated
a similar problem ensues. Figure B-45 depicts the human error model used
to derive an llEP for this event; Box B provides detailed explanations of the
assumptions and rationale used to develop the drywell pressure switch model.
Again, the derived value (0.001) represents the HEP for just one switch.
Unlike the level switch model, there are few chances for recovery once the*

error has been committed. This is because we assumed the pressure indica-
tion in the control room is normally zero for drywell pressure; therefore,

the personnel in the control room would be unable to detect a valve mis-
alignment or miscalibration error. We assumed these errors would always

l 8 result in a zero pressure indication in the control room. Thus, the main-

tenance person would always be solely responsible for any recovery actions.

We assumed moderate dependence among the four pressure switches for
the common maintenance error. This assumption was based on several observa-
tions. The procedure used by the maintenance person (SI 4.2.B-5; see

B-453
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Attachment C), implies that the sensors can be calibrated sequentially.
However, unlike the leve!. sensors discussed for Figure B-44, the drywell4

.
pressure sensors are all covered under this one procedure rather than by

1 independent procedures. It was further assumed that the instruments would
be calibrated in approximately the same time frame (i.e., all in one shift
or on consecutive shifts). Thus, the final assumption was that these p

'

instruments exhibit a higher level of dependence than the level switches,
and that level of dependence was judged to be " moderate." These switches
are also arranged in one-out-of-tuo-twice logic. Thus, paired failure must
occur in order for circuit failure to occur; specifically, Switches 58A and
58B must fail together, or 58C and SSD must fail together. ,

Given the independent value, 0.001, for failure of a pressure switch,
and using the NUREG/CR-1278 formula for moderate dependence among the pres-
sure switches, the probability that the maintenance person causes failure
of the drywell pressure circuit is:

+

P(58B|58A|MD)= = 0.144,
*

and

i P(58D|58C|MD)=0.144,

| therefore,

i

P(58Aand58B|MD)=0.001x0.144=1.44x10 ,

and

P(58Cand58D|MD)=1.44x10 .

,

Since failure of either pair will fail the circuit, the joint probabil- ,

ity of circuit f ailure given moderate dependence among the four drywell
pressure switches is:

P(circuit failure |MD)=2(1.44x10 ) = 2.9 x 10 .

This value, 2.9 x 10-4, is the llEP used in the associated fault trees
to account for this miscalibration error. The associated basic event code r

f or this error is OPSDWHPX.
e

4.2 Operational Errors

| Eight significant operator responses were identified and analyzed for
accident sequences where manual intervention of the operator was necessary
for system success. These responses *are modeled in Figures B-46 through

*
B-51. Boxes C through H correspond, respectively, to these figures and .

explain the assumptions and rationale used to develop the models.
Table B-88 lists the event descriptions associated with the manual depres-
surization model that considers recovery actions (see Figure B-51). There
are no human error models and, consequently, no figures for the electrical
bus transfer, torus cooling initiation, and shutdown cooling initiation
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TABLE B-88. EVENT DESCRIPTIONS FOR THE MANUAL DEPRESSURIZATION MODEL
(With Recovery)

HEP Source * HEP Value
Event Significant Factors

A. Shift supervisor fails to Same event as Event A in Same event as Event A in Same event as Event A in

recognise need to Figure B-46 Figure B-46 Figure B-46

depressurite

B. First operator fails to Moderate level of dependence Page 17-24 and 25; Table 20-1, 0.14
Page 20-6; Item 7recognize need to

depressurite

C. Second operator tails to Moderate level of dape-fence Page 17-24 and 25; Table 20-1, 0.14
recognize need to Page 20-6; Item 7
depressurize

tx!
D. Operator f ails to f ollow Same event as Event B in Same event as Event B in Sam event as Event 8 in

[
v correct procedure Figure B-46 Figure B-46 Figure B-46
w

E. Operator selects wrong Same event as Event C in Same event as Event C in Same event as Event C in

controls Figure B-46 Figure B-46 Figure B-46

F. Shift supervisor fails to Faderate level of iependence Page 17-24 and 25; 0.14

recognize error Equation 7-16, Page 7-30

G. Second operator fails to High level of dependence Page 17-24 and 25; 0.5
recognize error Equation 7-17, Page 7-30

a. HEP information source is NUREC/CR-1278.

_ _ _ _ __
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i HEPs (1tems 8, 9, and 10 in Table B-86). These HEPs were estimated using
~

engineering judgement and the RHRSW initiation model (Figure B-49) as a
basis for the estimated value. This is further discussed in Section 4.2 of

I Appendix A.

The logic associated with development of the remaining models, as well y;

| as the models discussed above, is explained in detail on each figure and in
the associated tables and boxes. Further insight into some of the models

j can be gained by referring to Section 4 of Appendix A.

4.3 Recovery Model
e

i The latter stages of this risk assessment determined that the human-

| error of failing to manually depressurize the reactor was a potentially
'

significant event. However, the analysts recognized that the human error
.i model for this event did not consider any recovery actions (see Figure B-46

and Box C). Normally, a recovery factor was simply applied to the HEP to
allow for recovery. However, in this case, the analysts judged that a,

specific human error model for failure to manually depressurize the reactor,
which took recovery into account, would be appropriate. Figure B-51 is the
resulting model. Table B-88 provides the explanation for the figure.

The consideration of recovery reduced the probabilit
manual depressurization Event V from 0.003 to 1.8 x 10-4,y estimate for thei.e., by a
factor of 0.06. Thus, 0.06 is used as the corresponding recovery factor in
Appendix C, Section 4.2.7.

,

4.4 Relevant Procedures

1 Various Browns Ferry procedures were used to conduct the human error
analyses. Relevant sections of these procedures are included verbatim in t

Attachments B through D.
!
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5. GENERIC CONTROL CIRCUIT ANALYSES

5.1 Introduction

Detailed fault tree models were developed for BFl's front-line and

3
support systems required for accident mitigation. Not surprisingly, these
systems contain a large number of motor-operated valves and motor-driven
pumps to accomplish their intended functions. Schedule constraints prohib-
ited developing a detailed f ault model for the motor control circuits for
each and every pump and valve encountered in these systems. Instead, a
representative control circuit for both motor-operated valves and motor-,
driven pumps was analyzed, which resulted in a generic control circuit
failure rate that varied only by the consideration of how often the circuit

tested for operability.was

Thus, for each valve and pump considered in the fault tree models, con-
tributions to the unavailability of that component, e.g. , a motor-operated
valve failing to epen, were composed of local faults and no power supplied
to the motor from its respective bus. Local faults included " valve fails
to open" (VM P), "value f ails to close" (VM N), and "no output"

(CH G) f rom the associated motor control circuit to reposition the valve
even though a manual or automatic safeguards actuation signal had been
received by the motor control circuit.

5.2 Generic Motor-Operated Valve Control Circuit

Figure B-52 is a representative motor control circuit for a valve that

may be positioned open or closed. Basically, the open and close relays
control contacts that reverse phases to the motor in order to drive the
valve open or shut. Limit switches are used to interrupt power to the
relays when the valve has reached the full-open or full-closed position.
Power for the control circuit is obtained by a 480 to 120 V AC stepdown
transformer off the main supply to the motor. Fuses provide control cir-
cuit protection in the event of short circuits. Thermal overload devices
also protect the motor by interrupting the open and close relay circuit
paths in the event of motor overheating due to excessive current flow.

Table B-89 lists these basic design features and the failure modes
associated with these components that could prevent the control circuit
from providing the correct output to the open and close motor phase con-
tacts. For this example, it is assumed that the valve is being commanded
to open either by a manual switch or by contacts associated with some auto-
matic safeguards actuation signal. The failure-to-close condition would be

' similar.

Also shown in Tab;e B-89 are the associated failure rates for the

failure modes considered. Some of these are expressed in failures per
demand, while others are expressed as f ailures per hour. The unavailability

o tor the control circuit can be expressed as the sum of the demand (D)
contributions and hourly contributions:
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TABLE B-89. MOTOR-OPERATED VALVE GENERIC CONTROL CIRCUIT

__ _ __ _-

Number Failure Rate
___

Component Failure Mode (N) (A) NA
_ _

$
Switch contacts Fail to close 1 1E-7/hr 1E-7/hr
(open or close)

Circuit wiring Open -- 3E-6/hr 3E-6/hr
Short to ground -- 3E-7/hr 3E-7/hr

Transformer Open 1 lE-6/hr lE-6/hr
Short lE-6/hr lE-6/hr

Fuses Open 2 1E-6/hr 2E-6/hr

Limit switch Fails to operate 1 3E-4/D 3E-4/D

Overload contacts Open 2 1E-7/hr 2E-7/hr

"Close" relay Short to power 1 lE-8/hr IE-8/hr

"Open" relay Does not energize 1 lE-4/D lE-4/D

"Close" relay contact Open 1 lE-7/hr lE-7/hr
______-_________

Sum of demand rates = 4E-4/D.
Sum of hourly rates = 7.7E-6/hr.
- - - - - - - _ _ _ - - - - - - - - - _ - __-----__ --

- - -

Ack " D ^hA +

=23 * * '

D h

where t is the time to detect the failure (1/2 of the test interval) plus
the time tu repair. Since the operability of these control circuits is

generally unknown until tested, lengthy intervals between tests results in'

relatively high contribution to the unavailability of the control circuits.
Fo r example , from Table B-89,

-6
,\ =4x 10- /D + (7.7 x 10 /hr x t).. k

Using the repair time for instrumentation (7 hours) from Table III 5-2
of WASll-1400 and assuming monthly surveillance, the unavailability of the
control circuit would be:
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A = 4 x 10 + 7.7 x 10~ /hr x 367 hrck

-3
= 3.2 x 10 .

4

If the valve circuit is only tested every 3 months (quarterly) then
the circuit unavailability becomes:

A = 8.8 x 10' .k

Each of the motor-operated valve control circuits included in the f ault
tree models bad basically the same design features as the generic circuit
model, with the exception of the 250 V DC motor-operated valves. The con-
trol circuit associated with 250 V DC motor-operated valve differs from the

generic AC control circuit utilized in the quantification in the following
two ways:

1. The DC control circuit has no power supply transformer.

2. There are two relays in parallel in the " closing" circuit and
" opening" circuit of the DC control circuit, compared to only a
single relay in the AC control circuit. (Note: A single relay
failure in the DC control circuit will disable the valve.)

The same method is used to quantify the AC and DC control circuit.
The DC control circuit unavailability is:

_ _

A * *
DC D hr

The hourly contribution for the DC control circuit is:

open contacts) x(Ah) x t = (A 4 A . + A +A +A t
fuses wire overload close contacts

-6 -6(2 x 10 + 3.3 x 10 +2x 10- +4x 10- + 3 x 10~ )xt=

= 6.1 x 10 xt.

Therefore,
,

-

-4 -6
5x 10 + 6.1 x 10 xt.A =

DC

If monthly testing is performed, then .

_

= x + 6.1 x xWA
DC

= 2.7 x 10- .
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If quarterly testing is performed, then

-

-4 -6
A = 5 x 10 + 6.1 x 10 x 1087
DC

= 7.1 x 10- .

These values compare well with the monthly and quarterly AC control
circuit values of 3.2 x 10-3 ard 8.8 x 10-3, respectively. The usage
of the AC control circuit unavailability for the DC control circuit

*
unavailability results in a slightly conservative estimate of the system
unavailability.

An error f actor of 10 was assigned to the generic control circuit
unavailabilities to account for any variations in design from the base
circuit.

5.3 Generic Motor-Driven Pump Control Circuits

There are basically two control circuit designs for controlling the
operation of the various motor-driven pumps at BF1. The applicable control
circuit is dependent on the type of power consumption the motor develops.
For small motors utilizing 480 V AC, or lower, operation is controlled by
the circuit represented in Figure B-53. For larger motors utilizing higher
than 480 V AC, such as al60 V AC, the motor is controlled by operation of
the motor's circuit breaker.

Basically, power is supplied to motor when the motor coil (M) contacts
close in each of the motor phases. Power for the control circuit is
obtained by a 480 to 120 V AC stepdown transformer off the main supply to
the motor. Fuses provide control circuit protection in the event of short
circuits. Thermal overload devices also protect the motor by interrupting
the motor coil circuit path in the event the motor is overheating due to
excessive current flow.

Table B-90 lists these basic design features and the failure modes
associated with these components that could prevent the control circuit
from providing the correct output to the motor phase contacts. For this
example, it is assumed that the pump is being commanded to start either by
a manual switch or by contacts associated with some automatic safeguards
actuation signal.

* In a manner similar to that described previously for the generic valve
cont rol circuit , the unavailability for the pump control circuit can be

expressed as:

Eck D hr*

-6=1x 10- /D + (7.6 + 10 /hr x t),

where t is the time to detect (1/2 of the test interval) plus the time to
repair.

B-461

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



_

,

y

"
:
: r

kt

ca
n s log t

r
y e 3in b Sy t

6
2

n Sd Hb i 1
n

u ey Hn ed
r a
G iml a n 2 2

e t a O L L L
D Td s t

s C O O E
N

~ ~ /- - - - b A_ / _ I
.

- ~ - 7 - - - ~7 _ 7 - 7 .

t
it

s uua n c
Sr ha rt

a xf iHt E cs B

- -
| n la

D F o
- - r

t
s t
u na
h o
x cM E -C - A p:
la u

mr
: r

e p
n
e nG e

C -
l vM e
s 1

Z ie
%Z D

-
.

,i

aI

I M

.

3
5

-r

Ve Bm0r
2o e
1 fs r
0
8 un
4 a FrB t i

d Fr
a
o
B
y 'v'

a [y
i

-i

l

k%- Ox
-u

a
le r
s - to

k%- O o 'e
i i
d M
V
0
rs s's6 O4

.

m o
t

| ji \



TABLE B-90. MOTOR-DRIVEN PUMP CONTROL CIRCUlT

___

Number Failure Rate
Component Failure Mode (N) (A) NA

$
Switch contacts Fail to close 1 lE-7/hr IE-7/hr

Circuit wiring Open -- 3E-6/hr 3E-6/hr
Short to ground -- 3E-7/hr 3E-7/hr

.

Transformer Open 1 lE-6/hr IE-6/hr
Short 1E-6/hr lE-6/hr

Fuses Open 2 lE-6/hr 2E-6/hr

Overload contacts Open 2 1E-7/hr 2E-7/hr

M relay or circuit Does not energize 1 IE-4/D IE-4/D
breaker closing
relay

Sum of demand rates = IE-4/D.
Sum of hourly rates = 7.6E-6/hr.

For monthly testing, the motor-driven pump control .ircuit
unavailability is:

_

A = 2.9 x 10- .

For quarterly testinF this value becomes 8.4 x 10-3,

The operation of the 4160 V AC motors is basically the same as the
480 V AC motor, with the following exceptions:

1. The 460 V AC motor's circuit breaker is permanently closed; start-

ing and stopping is accomplished by contacts downstream of the
circuit breaker. The 4160 V AC control circuit starts and stops

the motor by closing and opening the motor's circuit breaker.*'

2. The control circuit for the 4160 V AC motor-driven pump contains
additional components, such as limit / position switches and con-
tacts operated by the circuit breaker, which contribute to the
failure of the 4160 V AC control circuit.*

Following the same rationale as applied in the 480 V AC control circuit
analysis, we then have
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'

'+160 y AC D h

s

The hourly contribution for the 4160 V AC control circuit consists of
failure of fuses (2), switch contacts (2), circuit breaker contacts (4),
and wire, therefore,

(A )xt = (2 x 10' + 2 x 10" + 4 x 10' + 3.3 x 10" ) x t *

(5.9 x 10~ )xt.=

The contribution of the demand-related f ailures is f rom the f ailure cf
the closing relay (1) and the limit switches (2). Therefore,

= 1 x 10 + 6 x 10
D ,

= 7 x 10-

The overall unavailability of the 4160 V AC control circuit is

-

A * + * ** *4160 V AC

If monthly testing is performed, then

A4160 V AC " '9 * *

If quarterly testing is performed, then

'4160 V AC " ** *

Failures associated with the 4160 V AC circuit breaker are included
under the local faults as a separate event.

4

Comparing the 4160 V AC values with the 480 V AC values, shows the
values agree very well. The conclusion is that the use of the 480 V AC

[ generic value for the 4160 V AC has little ef fect on the final system
i unavailability.

*

I
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.

To f acilitate the computer handling of events, an eight-character code
name was assigned to basic events. This coding scheme is described as
follows:

System (Table A-1)

9

Q
Component type (Tables A-2 and A-3)

I

Component identifier (user-supplied alphanumeric)
,

__. Subsystem (Table A-4)

1

I

|

Failure mode (Table A-5)

I i

X XX XXX X X

e

4
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TABLE A-1. SYSTEM CODE $

Code System Name

A AC power ,
B Automatic depressurization system
C Containment atmosphere dilution system
D Condenser circulating water
E Containment isolation system

F Control air system
G Control rod drive hydraulic
H Condensate transfer and storage system
I DC power
J Equipment area cooling

K Emergency equipment cooling water
L Engineered safety features actuation system
M High pressure coolant injection
N Keep-full system
0 Low pressure core spray

P Power conversion system
Q Reactor core isolation cooling
R Residual heat removal
S Residual heat removal service water
T Reactor protection system

U Raw cooling water system
V Reactor recirculation system
W Fenctor water cleanup
X Standby coolant supply system
Y Standby gas treatment
Z Vapor suppression

4

O
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q TABLE A-2. MECHANICAL COMPONENT TYPE CODE

------------ -- - _ _ -

Code Mechanical Components Code Mechanical Components

AC Accumulator PT Pump (turbine-driven),

CD Control rod drive unit PV Pressure vessel
CH Chiller RD Rupture disk
CL Clutch SD Steam drum
CM Compressor SL Seals
CN Condenser SP Sparger

DL Diesel TB Turbine
FE Flow element TK Tank
FL Filter or strainer VA Valve (pneumatic)
FN Fan VC Valve (control)
GB Gas bottle VE Valve (solenoid-operated)
HX Heat exchanger VH Valve (manual)

NZ Nozzle VK Valve (check)
00 Conditional event VM Valve (motor-operated)
OR Orifice VB Vacuum breaker
PD Pipe device VO Valve (hydraulic-operated)
PM Pump (motor-driven) VR Valve (relief)
PP Pipe VS Valve (stop check)

..-------------------------------------------------------- ---------

4
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TABLE A-3. ELECTRICAL COMPONENT TYPE CODE

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - _

Code Electrical Comgonent Code Electrical Component ___

AM Amplifier LT Light
g

AN Annunciator ME Meter
AT Switch (automatic transfer) M0 Motor
BC Battery charger ND Neutron detector
BS Bus 00 Conditional event

BY Battery OT Transformer (potential or control) f

CA Cable PI Process indicator
CB Circuit breaker PS Switch (process)
CC Capacitor RC Recorder
CK Control circuit RE Relay

CO Contacts RG Voltage regulator
CT Transformer (current) RS Resistor
DC DC power supply RT Resistor (temperature device)
DE Diode or rectifier SC Speed controllers
DP Distribution panel ST Solid state device

FU Fuse SW Switch (manual)
GE Cenerator SZ Position sensor
GS Ground switch TE Temperature element
HR Heater TI Timer
HT He a t tracing TP Process transmitter

IN Instrumentation TR Transformer (power)
IV Inverter (solid-state) TZ Position transmitter

KS Switch (lock-out) WR Wire
LA Lightning arrestor XT Transformer (voltage)
LS Limit switch

--------------------------------------------------------------------------_-

TABLE A-4. SUBSYSTEM CODE

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Alphanumeric: Use A or B for Train A or B.
Use 1 or 2 for Loop 1 or 2.

For nonredundant trains or components, use U. ,

------------------------------------------------------------------------

e

|
|
|

|
| B-470
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1

I

TABLE A-5. FAILURE MODE CODE
,4

Code Failure Mode

Passi'e:
.

A Short to power
B Open circuit
C Short to ground
D Operator response error
E Plugged

F Leakage / rupture
G No output
H Wrong output
1 Erroneous output
J Unavailable due to test or maintenance

Active:

K Does not reclose
L Conditional event occurs
M Calibration shift
N Does not close
O Does not remain closed

P Does not open

Q Does not remain open (plugged)
R Does not start
S Does not centinue to run
T Does not operate

U Does not insert
V Does not energize
W Loss of function
X Operational or maintenance fault
Y Disengaged /does not engage

e Z Engaged

I a

,

I

|

B-471



-ama- m a a ar----u a--- msm *Am-- em-s a Ama -m -,ma- L -, --,w-kam.- 4kg ---a. .nM- sm.,,,AwAL..wm --,EA.W-- > -. O h -- -,.s

i

i

1

l

i '

'
t

'

|

|
1 4-
i i

! t

!

4

1

i ~
i !

I

s

.

ATTACHMENT B--SI 4.2.B-1

a

i

d

.

I
i

! i
!
t

*i

I

t
I

!
I

t

!

I
e

-

L

l

B-473

,- - .-.. - - . -_.-. -- -..-. .. - . - _ _ . . _, .__ .. .___..-. .- . _ - - - -



___ -

,

Page 7
BF SI 4.2.B-1
8/21/79

4. Procedure - Functional Test and Calibration (continued)
O

4.33 If indicators were adjusted, record "as left" data on calibration
data card.

4.34 Record "as left" data for switches 1 through 4 on data sheet.

'
4.35 Remove test pressure from yarway.

4.36 Verify:

All relays dropped outa.

b. All trip status lights extinguished

c. Annunciator REACTOR VESSEL WATER LOW CLEAR

d. Annunciator CORE COOLING SYSTEM / DIESEL INITIATE CLEAR.

4.37 Disconnect test gauge from water box.

4.36 Close high and low side calibration valves on water box.

4.39 Open equalizer valve on water box.

4.40 Disconnect water box from yarway both high and low side.

4.41 Remove VOM from test connection and secure junction box.

4.42 Open manifold equalizer valve on yarway.

4.43 Inspect yarway chambers for water level. Fill from water box if
necessary

4.44 Replace vent plugs in yarway.

4.45 Slowly open low side manifold valve of yarway, check for and
repair leaks.

e 4.46 Close manifold equalizing valve on yarway.

4.47 Slowly open high side manifold valve of yarway. The indicator
should assure a position equal to the actual level.

s 4.4b Notify unit operator test in complete on that instrument and
proceeding to next instrument (if applicable).

* Revision (ini t i al( d)
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Page 11
BF SI 4.2.B-1

| 6/12/79
,

DATA COVER SHEET SI 4.2.B-1,

kREACTOR LOW WATER LEVEL
LIS-3-58A and C, LITS-3-58B and D, LI-3-58A and B

] Calibration and Functional Test
i

#
l Unit'

--_

Performed By:
-. -------

Date
--------_

Instrument Mechanic
'

Technical Specification criteria satisfied.
_ _

Yes
_

No

Surveillance Instruction criteria satisfied. Yes No

If either one above is no, the shif t engineer will review the data to determine if a
LCO is violated.

! LCO violated. _____ Yes No Shift Engineer _____
_

Date

Reason for test:

i After maintenance Plant condition
~~~~~~

(explain in remarks)
i

,___,,, Required by schedule Other (explain in remarks)

1

i ___,,,Another system inoperable
i

|

| . -------- ::=--------- ::-------------------- ::::---------------

Results reviewed -Date.-------------------------------- --

i

----.

Instrument Mechanic Foreman
i
j

------------.----------------------------------_____;;------~~----------- --

_

Results reviewed and instruction Date
i

| criteria satisfied. Cognizant Reviewer
4' ,

Results reviewed for QA requirements ___, Date
,

|
QA supervisor

!

::::::::::::::::::::::::::: -- ::--- ---- - --

,

REMARKS--'

I . . _ _

'

- - - - - - _ _ .
- -
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Page 12
BF SI 4.2.B-1
10/16/79

Data Sheet SI 4.2.B-1-A

0
LIS-3-58A

Unit Date

Calibration and Functional Test,

Step Initials / Data

1. Remove yarway from service (steps 4.2 through 4.5
of procedure)

2. Connect test equipment to yarway (steps 4.6 through
4.13 of procedure)

3. Inform operator he will receive the following alarrs:
CORE COOLING SYSTEM / DIESEL INITIATE, AND REACTOR
VESSEL LOW LEVEL panel 9-3 (step 4.14 of procedure)

4. Check SW#4 operation
Verify:
a. Relay 10A-K79A picked up panel 9-32
b. Status light 10A-DS146A illuminated panel 9-32

,,

(steps 4.15 through 4.17 of procedure)
5. Check SW#3 operation

Verify:
a. Relay 23A-K40 picked up panel 9-32
b. Status light 23A-DS70 (LIS-3-58A) illuminated
panel 9-39)
c. Annunciator REACTOR VESSEL LOW LEVEL (9-3)
(steps 4.18 through 4.21)

Note 1 "As found" SW#3 in. H O2
6. Check SW#2 operation

Verify:
Relay 2E-K28 picked up panel 9-30a.

b. Status light 2E-DS10A illuminated panel 9-30
( steps 4.22 through 4.24 of procedure)

Note 2 "As found" SW#2 in. HO2
*7. Check SW#1 operation

Verify:
a. Relays 14A-K7A and 10A-K7A picked up panel 9-32

' b. Status light 14A-DS31A illuminated panel 9-32
c. Annunciator CORE COOLING SYSTEM / DIESEL INITIATE (9-3)
(steps 4.25 through 4.28 of procedure)

Note 2 "As found" SW#1 in. HO2

:

* Revision (Initialed)
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Page 13
BF SI 4.2.B-1

10/16/79

Data Sheet S1 4.2.B-1-A (Continued)

Unit Date

Step Initials / Data

8. Check local indicator (step 4.29 of procedure) ,
9. Calibrate indicator and switches if out of specified

values (steps 4.31 through 4.33 of procedure)
10. Record "as lef t" data of switches (step 4.34 of

_____ __

procedure)
Note 3 "As left" SW#4 ___in. H O2

Note 3 "As left" SW#3 _ in . HO2__ _

Note 4 "As left" SW#2 in. H O2

11. Remove test pressure from yarway (step 4.35 of
____

in. H ONote 4 "As left" SW#1 2

procedure)
____

Verify the following relays dropped out:*12. a.

10A-K79A (panel 9-32), 23A-K40 (panel 9-32),
2E-K28 (panel 9-30), 14A-K7A (panel 9-32)
10-K7A ( panel 9-32)

-- ___

b. Verify the following status lights extinguished:

10A-DS146A ( panel 9-32)
23A-DS70 (panel 9-39), 2E-DS10A (panel 9-30),
14A-DS31A (panel 9-32)

______________

Verify anniinciator REACTOR VESSEL WATER LOW clear
__

c.

d. Verify annunciator CORE COOLING SYSTEM / DIESEL
INITIATE clear (step 4.36 of procedure)

13. Remove test equipment f rom yarway (steps 4.3 7
__________________

through 4.41 of procedure)
14. Return yarway to service (steps 4.42 through 4.47

__________________

of procedure) $

15. Unit operator notified test is complete on LIS-3-58A,
and proceeding to next instrument (step 48 of procedure)_________________

REMARKS:
_______ _____.______________________________________________________

t

_-_________________...._._____..____________________________________________________

__________________ __
_________________________ __________________

* Re v i s i o n __ ___ _ __ __ _ _ ___( In i t i a l e d )
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BF SI 4.2.B-5
6/5/79

4. Procedure (continued)
o

4.4 Return to Service
.

a. Release the test pressure.
b. Check that trip lights reset.
c. Perform steps 13 and 14 of IMI-202 and return pressure switch)

to service.

5. Acceptance Criteria

5.1 Technical specification criteria are satisfied if pressure
switches PS-64-58 (A through D) each energize the appropriate
relays at 2 psig.

5.2 Surveillance instruction criteria are satisfied only if all pro-
cedural steps are safely completed.

5.3 PS-64-58A and C and PS-64-58B and D form two channels in either
trip system. Both cnannels are required to be operable for each
trip system. If the channel is found to be inoperable, it must
be repaired within 24 hours or declare the trip system inoperable.

6. Return t o No rma l
,

6.1 Assure trip lights reset.

6.2 Assure sensors are valved in correctly.

6.3 Notify assistant shift engineer upon completion.

6.4 Verify by signature and date on the data cover sheet that the
channel was functionally tested and/or calibrated in accordance
with this instruction.

4

f
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BF SI 4.2.B-5
6/5/79

DATA COVER SHEET SI 4.2.B-5

Instrumentation that Initiate or Control the CSCS
Drywell High Pressure .

Calibration and Functional Test

Unit
l'

Pe r fo rmed : (Check one) Functional Test Calibration and Functional Test
________

Ferformed By: Date
Instrument Mechanic

Technical Specification criteria satisfied.
___

__

NoYes

Surveillance Instruction criteria satisfied. _
Yes No

If either one above is no, the shift engineer will review the data to determine if a
LCO is violated.

LCO violated. ____ Yes No Shift Engineer Date

Reason for test:

Plant condition~~~~--After maintenance ~ (explain in remarks)

Required by schedule ___

Other (explain in remarks )

______Another system inoperable

:::::::::::::::::::::::::::::::::::::::::::::::- _____:-- --- ___ ______

DateResults reviewed _________________ _ _ _ _____________________

Senior Instrument Mechanic Foreman

:: ------ :::::::::::::::::::::: --- -- ::::::::::----------- - :::::--------- ::_ ____
Results reviewed and instruction Date

|
criteria satisfied. Cognizant Reviewer

n

Results reviewed f or Q A requirements ___ ________ Date________________

QA Supervisor

::::::::::::::::::::::::::::::______ ::::_______ ::::::::::: ----- :__ t

REMARKS __________________________________ __ _ __ _ ___

--____-- _________.
-__-__________ -__--

_6_mmmmm___m_w_www--__m_mem- -__w_m__mM N ___e__e
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BF SI 4.2.B-5
6/5/79

Data Sheet SI 4.2.B-5
9

Section Date
__ _

Initials data

PS-64-58A PS-64-58B PS-64-58C PS-64-58D)
~

4.1.a Sensor valved out in
accordance with
IMI-202.

____ ___ __ _ ,,________

4.2.a Sensor calibrated in i

accordance with this
section and results
a re satisfactory.

(As found and as left
data)

Sw #1 / / / /
AF AL ^F AL AF AL AF AL

/ / / /SW #2
~ F AL AF AL AF AL AF AL

4.3.a Panel trip light

9-31 10A-DS-122A
10A-DS-120A

_

10A-DS-123A
10A-DS-121A , _ _ _ _ _

9 -33 10A-DS-120B
____

10/.-DS-12 2 B _________

10A-DS-121B
10A-DS-123B _________

9-39 PS-64-58A
_________

PS-64-58B _____.____

d PS-64-58C ______

PS-64-58D _ . , ___

f
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BF SI 4.2.B-5
6/5/79

Data Sheet SI 4.2.B-5 (Continued)

Section Date I

Initials data

PS-64-58A PS-64-58B PS-64-58C -PS-64-58D

4.3.b Relay 10A-KSB '

energizes
___

Relay 14A-K5B
energizes

Relay 10A-KSA
energizes

_____

Relay 14A-K5A
energizes

____

Relay 10A-K6B
energizes

_________

Relay 14A-K6B
energizes

Relay 10A-K6A
energizes

_____

Relay 14A-K6A
energizes

_____

4.4.a Pressure removed
_________ _________ _________ , _ _ _ _ _ _ _ _

4.4.b Trip lights reset
_________ _________ _ _ _ _ _ _ _ _________

4.4.c IMI-2-2 steps 13 and
14 performed and
pressure switch
returned to service 6

6.1 Trip lights reset
_____________________

6.2 Sensors valved in
________

'
6.3 Assistant shift engineer notified

of work completion
______

B-ud4
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BF IMI-202
5/11/76

*9. Record "as left" setpoint data on the Calibration Data card (repeat 1

o blank).

* 10. Repeat step 6 and record "as lef t" setpoint data on the Calibration
Data card (repeat 2 blank).

*ll. If the switch contains more than one bistable, repeat steps 7 through) 10 and record data in numbers 2, 3 and 4 (as applicable) of the
' Calibration Data card.

*12. Record "as left" input test instrument number on the Calibration Data
card.

*13. Remove calibration standard from calibration TEE and replace cap as
indicated on test flow indicator.

*14. Return pressure switch to service. Observe caution.

CAUTION: Exercise care in valving the pressure switch in service and
be reasonably assured that it is in service.

*15. If the switch is to be loop checked, proceed with this step. If the

switch is the loop, proceed to step 18.

NOTE _: The pressure switch is calibrated, but no assurance that
the loop accuracy is correct or of the loop integrity.
Refer to the applicable standard calibration instructions
for applying a simulated signal to the primary element
(same as calibration for one point).

* 16. Apply the signal to the primary element representing the designated
point.

' '

Ve rify that the loop is with loop accuracy.

NOTE: If the loop is not within the required cccuracy, isniediat el y ;
notify the Senior Instrument Mechanic Foreman to deterdine
whether other loop conponents need calibrating. x

'

!
'

8 * 17. Record the loop accuracy on the pressure switches Calibration, Data
card as follows:

'
. ,

s
Standard X

A.L. Loop X

| f A.L. Instr. X

* Revision _______ (Initialed)

|
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II. Methods of Low Pressure H O Makeup (Continued)
2

1

E. Utilization of core spray charging H O pumps through core spray2
piping.

1. Open or check open

)
e a. HCV-75-1 Loop I torus suction

b. FCV-75-57 and 75-58 common suction for charging H O pumps2

HCV-75-598 and HCV-75-599 pumps A 6 B suctionc.

d. HCV-75-602 and HC-75-603 pumps A and B discharge

HCV-75-608 to Loop I and HCV-75-611 to Loop IIe.

"
f. FCV-75-23, FCV-75-25, and llCV-75-27 (Loop I)

g. FCV-75-51, FCV-75-53, and HCV-75-55 (Loop II).

7 Close liCV-75-616, head tank isolation.

charging H O pump (s).3. Start 2

4. Maintain flow as required.

F. Standby Coolant Supply

NOTE: To be used only as a last resort method of maintaining
reactor water level.

1. Use of RHR Service Water (4250 gpm)

a. Utilization of RHRSW pumps

1) Check RHRSW pump B1, B2, or Dl, D2 running

2) Open FCV-23-57 and FCV-74-101, or FCV-74-100 on unit 3

3) Open FCV-74-66 and FCV-74-67

4) Close FCV-23-52 and 23-46.

?
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*
FOREWORD

This report describes a risk study of the Browns Ferry, Unit 1, nuclear -

plant. The study is one of four such studies sponsored by the NRC Office
of Research, Division of Risk Assessment, as part of its Interim Reliability
Evaluation Program (IREP), Phase II. Other studies include evaluations of
Arkansas One, Unit 1, by Sandia National Laboratories; Calvert Cliffs,
Unit 1, by Science Applications, Inc.; and Millstone, Unit 1, by Science
Applications, Inc. EG6G Idaho, Inc. was assisted by Energy Inc., Seattle,
in its evaluation of the Browns Ferry, Unit 1, plant. Battelle-Columbus
Laboratories provided information regarding the fission product releases
that result from risk-significant accident scenarios. Sandia National
Laboratories has overall project management responsibility for the IREP
studies. It also has responsibility for the development of uniform proba-
bilistic risk assessment procedures for use on future studies by the nuclear
industry.

This report is contained in four volumes: a main report and three
appendixes. The main report provides a summary of the engineering insights

*

acquired in doing the study and a discussion regarding the accident
sequences that dominate the risks of Browns Ferry, Unit 1. It also
describes the study methods and their limitations, the Browns Ferry plant

Nand its systems, the identification of accidents, the contributors to those
accidents, and the estimating of accident occurrence probabilities.
Appendix A provides supporting material for the identification of accidents
and the development of logic models, or event trees, that describe the
Browns Ferry accidents. Appendix B provides a description of Browns Ferry,
Unit 1, plant systems and the failure evaluation of those systems as they
apply to accidents at browns Ferry. Appendix C generally describes the
methods used to estimate accident sequence frequency values.

Numerous acronyms are used in the study report. Fcr each volume of

the report, these acronyms are defined in a listing immediately following
the table et contents.

.

C
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NOMENCLATURE

A The complement of A (a success event if A is a failure
event). (A may also be used to mean " unavailability.")

A Alare*

AC Alternating current

ACC Accumulator
ADS Automatic depressurization system.

AH Alarm-high
A0 Air operator
APRM Average power range monitor
AT Anticipated transient
ATWS Anticipated transient without scram

BF1 Browns Ferry, Unit 1, nuclear plant
BI Breck isolation
BWR Boiling water reactor

CAD Containment atmosphere dilution
CCW Condenser circulating water
CD Complete dependence
CE Conductivity element
CIS Containment isolation system
Clg Cooling

*

COND Main condenser
CR-3 Crystal River, Unit 3, nuclear plant IREP study
CED Control rod drive,

*' CRDH Control red drive hydraulic
CRDHS Control rod drive hydraulic system
CRW Clean rad waste
CS Core spray
CS6T Condensate storage and transfer
CSCS Core standby cooling system
CSS Core spray system
CST Condensate storage tank
CV Control valve

D Demand
DC Direct current

DEP Denressurization
DC Diesel generator

DHR Decay heat removal
Diff Different
DPI Differential pressurt indicator
DPIS Differential pressure indicating switch
DPS Differential pressure switch.

DP1 Differential pressure transmitter

EAC Equipment area cooling
,

ECCS Emergency core cooling system
ECI Emergency coolant injection
EECW Emergency equipment cooling water
EHC Elec tro-hyd raulic cont rol

C-vii



.

EMI Electrical Maintenance Instruction
EDI Equipment Operating Instructions
EPRI Electric Power Research Institute
EPS Electrical power system
ESFAS Er.gineered safety features actuation system

.

F(*) Frequency of initiator in parentheses
FCV Flow control valve
FE Flow element
FI Flow indicator

*

FIC Flow indicating controller
FLS Front-line system
FMEA Failure mode effects analysis
FR Flow recorder
FS Flow switch
FSAR Final Safety Analysis Report
FT Flow transmitter
FhC Feedwater control
FWCS Feedwater control systen

G Green
GOI General Operating Instructions

H High
il/ L liigh/ low
IICU liydraulic control unit .

IICV lland control valve
llEP iluman error probability
llPCI Iligh pressure coolant injection ,g

lii h pressure core sprayIIPCS F
llPI liigh pressure injection
llS Ilandswitch
IISS liigh speed stop

llVAC lleating, ventilation, and airconditioning
IlX Heat exchanger

I6C Instrumentation and control
16E Inspection and enforcement
IMI Instrument Maintenance Instruction
INJ Injection
IREP Interim Reliability Evaluation Program
IRM Intermediate range monitor

L Low
LA Level alarm
LD Low dependence
LER Licensee Event Report

,

LIC Level indicating controller
LIS Level indicating switch
LL Low-low

*

LOCA Loss of coolant accident
LOSP Loss of offsite power
LPCI Low pressure coolant injection
LPI Low pressure injection

C-viii



LS Limit switch
LSS Low speed stop
LT Level transmitter

M Motor (operated valve)
MCR Main control room'

MD Moderate dependence
MGU Master governor unit
MMG Motor generator-

MMI Mechanical Maintenance Instruction
MO Motor operated
MOV Motor operated valve
MSC Manual speed control
MSI Main steam isolation
MSIV Main steam isolation valve
MSL Main steam line

NA; N/A Not applicable
NC Normally closed
NMS Neutron monitoring system
NO Normally open

OI Operating Instructions
OL Overload
OP Overpressure protection

| OP(C) Overpressure protection (relief valves closed)*

i OP(0) Overpressure protection (relief valves open)
l

PA Pressure alarm
PB Pipe break
PCIS Primary containment isolation system
PCS Power conversion system
PCV Pressure control valve
PG IREP Procedure Guide
Pl Pressure indicator
PORV Power operated relief valve
PRA Probabilistic risk assessment
PS Pressure switch
PSCWT Pressure suppression chamber water transfer

| PT Pressure t ransmit te r
i PWR Pressurized water reactor
|

Q(*) Unavailability of system in parentheses

QA Quality assurance

|

| R Red
RBCCW Reactor building component cooling water*

RBEDT Reactor building equipment drain tank
RCB Reactor coolant boundary
RCIC Reactor core isolation cooling-

| RCS Reactor coolant system

| RCW Raw cooling water

| RCWS Raw cooling water system
Recire Recirculation

C-ix
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RFP Reactor feed pump
RFPT Reactor feed pump turbine
RFWPT Reactor feedwater pump turbine
RHR Residual heat removal
RHRSW Residual heat removal service water
RMOV Reactor motor-operated valve

*

RMS Remote manual switch
RPS Reactor protection system
RPT Recirculation pump trip
RS Reactor suberiticality; reactor shutdown; reactor scram *

RV(C) Relief valve (closed)
RV(0) Relief valve (open)
RWCU Reactor water cleanup
RX Reactor

S/D Shutdown
S/RV Safety relief valve

S/V Safety valve
SBCS Standby coolant supply
SBGT Standby gas treatment
SCI Short-term containment integrity

SD-BD Shutdown board
SDV Scram discharge volume

Scram i'strument volumeSIV n
SJAE Steam jet air ejector
SLCS Standby liquid control system ,

SORV Stuck-open relief valve
SRM Source range monitor

TA Temperature alarm
TCV Turbine control valve
TD Time delay
1DC Time delay contact
TDPU Time delay pickup
TE Temperature element
TIP Traversing in-core probe
TM1 Three Mile Island
TR Temperature recorder
Trans Transient
1S Technical Specifications; torque switch
TVA Tennessee Valley Authority

UV Undervoltage

V Volts
VB Vacuum breaker
Vo Valve open
VS Vapor suppression *

VSS Vapor suppression system
VW1 Vessel water inventory

.

c An insignificant quantity, generally less than 10-6

C-x
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4

INTERIM RELIABILITY EVALUATION PROGRAM:
ANALYSIS OF THE BROWNS FERRY, UNIT 1, NUCLEAR PLANT

:

; APPENDIX C--SEQUENCE QUANTIFICATION

.

1. APPROACH

The purpose of Appendix C is to describe the method used to quantify.
;

! the accident sequences defined in Appendix A that result in a core melt.
| The basic approach to calculate a sequence frequency is to multiply the

probabilities associated with the various events depicted in the accident
sequence. That is, the frequency vf the sequence is equal to the frequency

i of the initiating event multiplied times the probability of system (or sys-

tems) failure. Sequence quantification was based on the systemic event
; trees for LOCAs and transients. For each system, the unavailability was
! calculated from the fault trees using the Reliability Analysis System (RAS)
i computer code.1 System minimal cut sets of order five or more and having

a probability value less than 10-8 were truncated.
1

Dependencies were incorporated in the risk analysis at various stages.
During event tree formulation, functional dependencies between the various
accident mitigating systems were depicted in the accident sequence con-4

struction. The fault trees for the front-line systems were constructed
considering potential interface dependencies such as human error, test and
maintenance, and support systems. Finally, in the event tree quantifica-*

tion system fault trees were reduced by Boolean techniques using the COMCAN
. code to pinpoint any further comeon dependencies between systems.
b

The potential for recovery was considered for those sequences where the
dominant contributors to sequence frequency were recoverable.

1.1 System Unavailabilities

Each front-line and support system fault tree was evaluated using the
RAS computer code. The RAS code resolves the fault tree into its minimal
cut sets and evaluates the system unavailability based on the failure data
associated with the basic events. RAS calculates a time dependent unavail-
ability that was specified for this analysis as 8 hours. The analysis con-
sidered stable hot shutdown as successful core cooling. After discussion

! with TVA personnel,3 the time limit of 8 hours was chosen as a reasonable
] limit for reaching stable hot shutdown conditions.

Î
The RAS code calculates component unavailabilities based on the failure

rate data. Failure rates may be entered either as demand rates or hourly
rates.

. .

l.1.1 Demand Failure Probabilities''

Standby safety systems are characterized by having many components that.

are required to change state when the system is demanded. The RAS computer
code treats the demand f ailure probabilities for these components as a con-,

stant unavailability. That is, these values are unaffected by the length!

of time the system is required to operate (8-hour mission time as noted

!

c-1
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above). However, it is possible that these components could have been,

tested, founu to be failed, and undergoing repair at the time the accident
or transient places the demand for the component. This unscheduled main-
tenance contribution to the unavailability of the component (and therefore,
system) is negligible compared with demand failures when the component
repair time is small compared to the testing interval. This is shown as

*
follows:

Q = (unavailability on demand) + (unavailability due to unscheduled
maintenance) -

Q ~O=
*

D D R
T

where

Qp demand unavailability=

testing intervalT =

TR repair time.=

If TR<<T, then

Q = Qp (1 + 0) ,

= QD- ,

A review of Browns Ferry component data shows that this is the case.
Typically, Tg is less than 3 days and T is 1 month. Thus, the unscheduled
maintenance contribution at Browns Ferry is negligible for demand failures.

1.1.2 Time-Dependent Feilure Probabilities

Some of the failure modes considered for components of standby safety
systems are characterized as "f ails to continue to run/ operate given the
initial Jemand on the component was successful." The RAS computer code
calculates a time-dependent unreliability (ATm) f r these component
failure modes based on the mission time; that is, the component is required
to work for the length of the mission (T ). Since the operability of them

component is known at essentially mission time zero (given that the demand
was successful), it is not necessary to consider any unavailability

contribution due to unscheduled maintenance.

Il owe ve r , f or components with f ailure rates (A) given per hour, where
it is not known at mission time zero if the component is in a failed state,

it is necessary to determine the component unavailability manually based on
'

the testing interval and repair time and then to enter this point estimate
as a constant unevailability to the RAS code.

.

The unavailability for these components depends primarily on the time
to detect faults, which depends on their testing interval (T). Assuming
that the accident or transient is equally likely to occur at any time during

C-2
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the testing interval results in an average value for the component unavail- !

ability of AT/2. The time to detect failures was based on the testing
frequencies in the surveillance procedures associated with the components
of the system being modeled. For example, if the surveillance procedures
f or a certain system required a system flow check be performed once per
month, then this test frequency was used to determine the time to detect,

failures associated with the pump in that system.

In addition to this average unavailability over the testing interval,
* it is necessary to account for the component unavailability due to unsched-

uled maintenance. That is, f or components with hourly failure rates where
it is not known at mission time zero if it is in a failed state, a modifica-
tion to the unavailability must be made to account for the fact that the
component may be undergoing repair at mission time zero due to a fault that
occurred within the span of mission time zero minus the component repair
time.

Correction to the unavailability is made in the following manner. The
probability of the component entering a failed state during any testing
interval is estimated as AT, where T is the testing interval. The main-
tenance unavailability during any testing interval equals the probability
of being in a down state times the fraction of the interval during which

the component is in repair. This fraction is the repair time TR divided
by the testing interval T. Thus, the unavailability due to unscheduled

is (AT)(T /T), which equals AT . The unavailabilitymaintenance R R
for these components is modified by adding this factor to the.

mreviously calculated fault detection based value. This combined value is
entered into the RAS code as a constant unavailability.

V
Q = (average unavailability over testing interval)

(unavailability due to unscheduled maintenance)+

= AT/2 + ATR

= A(T/2 + TR)*
0Repair times were taken f rom Table III 5-2 of WASH-1400 for pumps,

valves, diesels, and instrumentation. Electrical components (other than
diesels) were assumed to have the same repair rate as that shown for
inst rumentation ( 7 hours) . Table C-1 summarizes the treatment of component
unavailabilities used for system quantification.

1.2 Treatment of Commonalities

Wherever possible, the RAS code was used to evaluate the unavailability

of combinations of s3 stems. However, due to the complexity of the indivi-
dual system fault trees, computer core space, and processing time limita-

' tions, this method was not viable for some system combinations and the
following approach was used.

'

l.2.1 Use of COMCAN

The unavailability of two systems in an AND logic configuration is
equal to the product of the individual unavailabilities if the cut sets for
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TABLE C-1. COMPONENT UNAVAILABILITIES

Unavailability
without

Unscheduled Unscheduled Final
Failure Mode Maintenance Maintenance Unavailrbility *

Fails to start / operate when Qp QpT /T Qp*R
required .

Fails to continue to run/ AT None ATm m
operate, given start

Fails to run/ operate, AT/2 ATR A(T/2 + T )R
successful start not given

Qp demand unavailability=

TR repair time=

testing intervalT =

mission timeT =
m

* TR<<T.

.

the two systems are independent. If dependent cut sets exist, then the
unavailability of the combined systems equals the product of the independent
cut sets plus the value of the dependent sets. Equations (Cl) and (C2) ''-.

apply.

Q(A(1 B) = Q(A)Q(B), if A and B are independent (Cl)

Q( A fl B) = Q( A )Q(B ) + Q(D), if A and B are dependent, (C2)
7 7

since

Q(A1) + Q(D)Q(A) =

Q(B7) + Q(D),Q(B) =

where

unavailability of cut sets in A independent of BQ(Ag) =

I unavailability of cut sets in B independent of AQ(B ) =
_

unavailability of dependent cut sets in both.Q(D) =

t

To calculate the unavailability of 'he dependent cut sets for the two
*

| systems, the COMCAN code was used to identify the commonalities 'oetween the
systems. The COMCAN code does not quantify the ccamonalities, but identi-
ties those combinations of similar events which can cause both systems to

tail.
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The fault tree models for the systems evaluated on COMCAN were modified i

so that the first three characters in the eight-character code for each

support system were the same (SUP). This allowed COMCAN to identify all
combinations of suppo s systems that could cause both systems to fail..

COMCAN also identified, based on the first three characters in the eight-
digit code, all combinations of similar basic events (i.e. , those with the

,

same three characters) that could cause both systems to fail. These cut
sets were then evaluated manually or using RAS.

The unavailability of the potentially dependent cut sets identified by*

COMCAN were compared to the unavailability of the systems assuming independ-
ence. If the unavailability of these common sets was at least two orders
of magnitude less than the unavailability of both systems assuming independ-
ence, then the unavailability assuming independence was used. If the

unavailability of the common sets was less than two orders of magnitude
smaller than the unavailability assuming independence, the sum of the two
was used to represent the unavailability of the two system combination.
Equations (C3) through (CS) apply.

Q(Afl B) = Q(A )Q(B ) + Q(D). (C3)
7

If Q(D) << Q(A)Q(B), then

Q(A (1 B) = Q(A )Q(B ) = Q(A)Q(B). (C4)

.

Q(A)Q(B)If Q(D) 1 then,100

L
Q(A fl B) = Q(A )Q(B ) + Q(D), or

7

= Q(A)Q(B) + Q(D). (CS)

Note that the product of Q(A)Q(B) is always greater than or equal to
Q(A )Q(B ). No attempt was made to determine Q(A ) or Q(B ).

1 7 7 I

Instead, the minimal conservatism caused by using Q(A) and Q(B) in the
equations for finding Q(A n B) was not significant enough to justify the
time and expense of calculating Q(A ) or Q(B ) (by removing Q(D) from7 7
the fault trees for A and B and recalculating their unavailabilities using

RAS).

1.2.2 Treatment of Commonalities Not Found Using COMCAN

A potential problem involved with using COMCAN in this manner to cal-
culate the unavailability of two systems is that only those cut sets that
are combinations of events with the same first three characters in their
code identifier are identified. Although COMCAN has other uses, this-

analysis used the code only in one mode of operation as described before.
Therefore, i. a cut set X exists in System A and a cut set XY exists in
System B wherf"the first three characters of the basic event Y are different.

trom those in X, COMCAN will not identify either cut set as a potential
common candidate. Although X and XY are not the same cut set and are thus
only partially dependent, the dependence that comes from X having an effect
on both systems must be accounted. Equations (C6) through (C9) apply to
this situation.

C-5
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Let

Q(A) = Q(A ) + COM(A (1 B) + Q(X), and (C6)
7

Q(B) = Q(B ) + COM(A fib) + Q(XY), (C7)
7

.

where

Q(A ) and Q(B ) are defined as before -I I

COM(A fl B) unavailability of commonalities found using COMCAN=

Q(X) unavailability of a cut set in A=

Q(XY) unavailability of a cut set in B;=

then

Q(A F1 B) = Q(A )Q(B ) + COM(A fl B) + Q(XY), (C8)
y 7

but using COMCAN as previously described only produces

Q(A fl B) = Q(A)Q(B) + COM(A fib). (C9)

The problem of identifying all the X,XY combinations possible between .

two systems at this point is impractical. Therefore, a numerical bounding
analysis was used to determine whether or not such a combination, if it

.)existed, would have a value large enough to cause a significant nonconserv-
ative error in the evaluaticn of Q(A fl B) previously discussed.

In order for the X,XY combination to be important, the unavailability
Q(XY) must be on the same order of magnitude as Q(A n B) previotely calcu-
lated. The RAS code lists cut set probabilities in descending order of
magnitude such that the unavailability of the first cut set listed is
always greater than or equal to that of the second cut set listed.
Equations (C10) and (Cll) apply.

From RAS,

Q(A) = Q(A ) + 0(A ) * * 9(A ), (C10)* * *
7 2 n

I where

Q(A ) > Q(A } > * > Q(A ). (Cll)* *

2 n
|

.

Therefore, the highest valued cut set for Systems A and B is readily

identified and hereafter identified as AT or BT. Thus, if the X,XY

combination exists, Q(X) 5,Q(AT) nd Q(XY) 5,Q(BT)*
.

Assuming that the X,XY combination exists and that the unavailability
( Q(XY) is greater than or equal to one tenth of the value of Q(A n B) calcu-

| lated previously, a lower bound on the value of Y can be determined.
I Equations (Cl2) through (C19) apply.
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If

Q(XY) 3- Q( A f) B)and (C12),10

. Q ( A ) 3- Q(X), (C13)
T

then
.

Q( A Y) S- Q(XY). (C14)
T

Therefore,

Q(A Y) 2,Q(XY) 2,Q(A flB) or (C15),

T
10

Q( A Y} S- Q( A n B) ( }*

T 10

But

Q(A Y) = Q(A )Q(Y) (C17)
T T

*

since they are independent.

> Thus,
L

Q(A }9(Y} S- Q(A (1 B)#"'T 10

^
Q(Y) > (C19).- 10'Q(A }T

Using this lower bound for Q(Y), the basic event list for System B is
searched to see if any basic events exist in B with unavailabilities greater

than Q(Y). If not , then there can not exist any X,XY combinations whose
unavailability Q(XY) is significant compared to Q(A fl B).

If there are basic events in B that have unavailabilities greater than
a list of these events is made. Then the cut set list of System B isQ(Y),

examined. Each cut set containing a basic event from the list is examined
to see if its comembers appear as cut sets of A. If not, then no X,XY com-
binations of significance exist. If the comembers are cut sets of A by
themselves, then the value of that XY type cut set is added to the pre-

,

viously calculated value of Q(A n.B). The process is then repeated to
determine if any X,XY combinations exist where X is in System B and XY is
in A.

.

It should be noted that this method will e-tect dependencies not found
using COMCAN that are within one order of magnitude of the value of

Q(A n B). Dependencies with values less than Q(A FTB)/10 may not be
located. The choice for Q(A flB)/10 as a bounding value is an arbitrary

C-7
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l one based on engineering judgement and familiarity with the systems. The
bounding value could be chosen as Q(A O B)/100 or Q(A O B)/1000 if desired.,

The latter choices merely expand the scope of the manual search of the sys-
| tem cut set lists. The method described above is conservative, however,

Q(A ) is an upper bound for t'e unavailability of potential cut' because: T n

sets X of A pepletely contained in cut sets of B; and an examination of
'the Browns Ferry cut set lists, for cases where this issue applies, shows<

I that Q(A ) is always several orders of magnitude greater than the highest-T
valued unavailability of a cut set in A containing any basic events that
are also in B. -

,

1.3 Treatment of Complement or Success Sets
|

It is necessary in sequence quantification to account for the effect
of success of one system in an AND combination with failure of another.
Since the RAS code does not deal with complement or success sets, they were
treated in the following manner. If the systems are totally independent
then Equation (C20) applies.

Q( OlB) = Q( )Q(B), (C20)

where designates success for A.

If there are common cut sets between A and B, then Equations (C21) and
(C22) apply.

,

1

! Q( O B) = Q( )Q(B ) M m
g U

Q(E O B) = Q( ) [Q(B) - COM(A OB)), (C22)

where

| COM(A O B) value of common cut sets of A and B=

I
value of cut sets of B independent of A.Q(B ) =I

,

:

A screening tool used in the sequence quantification determines when
potential commonalities of significance may exist. If Q(B) >> Q(A), then
even if all of A is assumed to be common with B, Q(B) is still essentially

equal to Q(B ). If Q(B) < Q(A), then a COMCAN search is used to identify
I _

the potential commonalities. If the unavailability of the commonalities
COM(A O B) is much less than Q(B), then again Q(B) is essentially equal to
Q(B ). Otherwise, Q(B ) is calculated by subtracting COM(A O B) from Q(B).

7

Also, since Q(A) equals 1 - Q(A) and Q(A) is usually small, Q(A) = 1 in -

most cases. Therefore, Equation (C23) applies.

'

Q( O B) = Q(B) - COM( A O B). (C23)

I
;

C-8
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Theref ore, success sets, or complements, are accounted for by either
recognizing the nonsignificant potential impact or by evaluating the known
commonalities for significance and including their effect where appropriate.

1.4 Treatment of Initiator Ef fects on Mitigating Systems
.

Some of the LOCA initiators have the potential to render LOCA mitiga-
tion systems partially or completely inoperable. To account for this
possibility in the sequence calculations, the following procedure was used.

,

If a LOCA initiator could disable a mitigating system, the length of
piping for the mitigating system susceptible to that LOCA was calculated
using TVA supplied isometric drawings. Then, the total length of piping
susceptible to that initiator was calculated. It was assumed that for a
particular break size, the LOCA was equally likely to occur at any point on
the piping susceptible to the LOCA. The unavailability of the mitigating
systeme was calculated considering the initiator affecting the system and
then without considering the effect of the initiator. Therefore, the
sequence f requency is the sum of two terms. The first term is the product
of the probability of a break occurring in a location that af fects the
mitigating systems and the unavailabilities of those systems. The second
term is the product of the probability of the break occurring in a location
that does not affect the mitigating systems and the unavailability of those
systems under that condition. The example calculation in Section 2 provides
an example of this method.

.

For transient initiators, Section 2.3.2 of Appendix A describes the
methodology for identifying potential transient initiators that would affect

g the unavailabilities of the mitigating systems. Only the loss of offsite'
-~

power (LOSP) event was significant in this regard. A separate event tree
exists for this particular initiator.

1.5 Treatment of Potential Logic Loops

A potential problem in the quantification of TpB RB A, as well as the
other sequences involving loss of offsite power (T QR RB A and TpKR R )p BA
is the presence of loop dependencies. That is, the EECW system requires
electrical power in order to function. Given a loss of offsite power, this
power must come from the diesel generators. Iloweve r , the diesel generators
neeo EECW or they will eventually fail.

This problem was resolved by recognizing three important considera- I

tions. First, the diesels can operate for some finite time without rated
flow from the EECW system. Second, the diesels that supply EECW are not
all the same as those supplying power to other mitigating systems.
Figure C-1 shows the power dependencies between the RHR, RHRSW, and EECW
systems. Third, EECW represents a common mode failure not only of the.

diesel generators but all AC powered mitigating systems.

Therefore, quantification of sequences involving loss of offsite power
,

requires a special process. First, the unavailability of EECW is calculated
assuming that diesel failures are not caused by loss of EECW. In other

,

words, EECW does not cause its own failure. Then, the mitigating systems' '

unavailabilities are calculated assuming successful EECW operation. This
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value added to the EECW unavailability represents the total system unavail-
ability. That is, the system unavailability can be dichotomized into the
unavailability due to EECW faults and the unavailability assuming EECW
works. When considering the case where.two or more AC systems must fail,
the EECW unavailability is treated as a common mode failure of both AC sys-
tems. Thus, for a general sequence, the frequency is given by the following.

equations.

F(LOSP)(Q(DC powered systems) (T Q(AC powered systems)]F(seq) =
,

F(LOSP)Q(DC systems)[Q( AC systems given EECW works) () Q(EECW)]=

F(LOSP)Q(DC systems)Q(AC systems given EECW works)=

+ F(LOSP)Q(DC systems)Q(EECW).

In general, the unavailability of EECW was about an order of magnitude4

' higher than the unavailability of the combinations of AC powered systems.
Therefore, these sequences tended to be dominated, at least in part, by
EECW faults.

i

i

.

I

L..,

0. 1

4

}

.

5
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j .2. EXAMPLE CALCULATION '(, p y
-

.I> - ~

The intermediate steam break was chosen for this\exreple calculation
_ .

i.
'

since its sequence quantification requires the use'of al).''the hethods (
All of the intermediate . team break sequences aredescribed previnusly. s s.

k-; evaluated in this example. Figure C-2 is the systemic \ vent t;ree for the ~*'
,

intermediate steam break with the system and sequench- values, tilled in. '{ 6 -9
*

3 s
g% .$s4- ' ' '

J[\' y i-

,

j 2.1 Initiator Frequency'

%
, _ \ EV'''

,

The intermediate steam break f requency was determined to be No' ,fI
' * '2.1 x 10-4 per reactor-year. Since 70% of all'hiping susceptible to , a -

' '

intermediate breaks is steam piping, the remaining 30%'of the piping would I
cause an intermediate liquid break if it ruptured. The WASH-1400 frequency 3

of 3 x 10-4 per reactor year was used as the f req 6ency of all intermedi- . g ..
ate breaks. Assuming that an intermediate break wi.'s equally,likely to occur, g'

at any point in the piping susceptible to intermediate breaks, t.he frequency' .s
of intermediate steam breaks would be 70% of 3 x .10-4,~'or 2.1 ~x 10-4. per t

* ''

reactor-year. ,

.

-M ,

I 's
,.
' ' *

2.2 Example System Unavailabilities ?

.. _.,

$i I2.2.1 Reactor Suberiticality g

\ (.
The unavailability for the reactor suberitic$lity function .was takeg , . #

from NUREG-04605 to be 3 x 10-5 per demand. A qualitative model sas . ,

'#developed (in Appendix B, Section 2.9.4) for the control rod drNe mechanism _,

but was not quantified since insufficient data exists for estimating the's Na
:

l occurrence rate for common mode f ailures identifi'ed in the model. b .'' ' s-
*~Y

,
, . ,

' L2.2.2 Vapor Suppression System s i
'

\ \\ _4

Short-term containment integrity (SCI) is maintained and containient
~ ^

N

i overpressurization is prevented by directing 'the steam f rom the _ br'eak (
through the downcomer piping to a position below the water leve? cf.'the ~ x .

torus. This action condenses the steam formed and provides a fscrubbeg" s '. - *
"

j effect to trap radioactivity f rom the steam in 'the torus water. rabh,er than ', ("
s

allowing it to remain airborne. Failure of the vapor suppressiorf systeni _

will result in a containment rupture and a release of radioactivity.' Thc\ { D , ( .

, of radioactivity released depends on the performance of- the ECI an f. i N{'

amount ,m

. DHR systems. T '. ?'
1 _x

~*

'' ~

Bypass leakage f rom the drywell to the ai'rspcce of the wetwell could
j pressurize the wetwell airspace to the same pressure as the drywell, pre-

*

\
] venting the pressure dif ferential required to force the steam through thes

downcomer piping into the pool of water in the suppression chamber' (torud . ' , '
Therefore, the quenching and scrubbing features will not be accomplished and

,

overpressurization will result. The RAS code was used to evaluate the vapor .s

suppression system unavailability from the fault tree given in fppendix.B, ,

Section 2.b.4, and the value 3.7 x 10-4 was obtdined. Dominat<cui sets s
;

are listed in Table B-53 of Appendix B. .
.

\ ,

r
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<
*

pB RS SCI ECT DHR -

R S E D '

I LOCA CRD VS HPCI 1 CS Loop 1 LPCI Torus Cig sed Cig Sequence 54c.uence S C C H Remarks

'7 8 T D Fg GD RB RA Designator Frequency ),U. I I R

2 ' Core cooledBreak Size (ft 3 012 to 14
Core cooled

Legend

S/D = Shutdown 3.1 x 10 - 3 lRR 1.S x 10 - 0 X Slow melt*
y BACig = Cooling Core cooled

F rom---- # * ~ Core cooled
transient |

4.5 x 10 - 9 X Slow melt*
0.065 3.1 x 10 - 3 ' l DRgRA)

' y
rees Core cooled

(Figures C-9.
C-10 and C.11) Core cooled

2 x 10 - 2 <<1.0 x 10- 8 X Slow melt3.1 x 10 - 3 i l DF RgRAy A6.6 x 10 - 4
l DF GBD <<1.0 x 10 - 8 X N/A Melty

1.1 x 10- 4 X Core cooled
g

X Core cooledO I .

1.3 x 10 - 8 X X Slow melt1 t CR RBA
'

y
X Core cooled" 2.1 x 10 - 4 i

3.7 x 10 - 4 (2) X Core cooledi ,

1.3 x 10- 8 X X S'ow meltl CUR RgAy
X Core cooled

i
X Core cooledn ,

R 1.3 x 10 - 8 X X Slow meltl CDF RBBAy
1.3 x 10- 8 X X N/A Meltl CDF GgDy

3 x 10 - 5 tyB 6.3 x 10 - 9 X N/A N/A Melt
37 10 - 4 lyBC <<1.0 x 10 - 8 X X N/A N/A Melt

'

(1) Sequence values include contributions from system commonalities, but INEL 21748
do not include operator recovery actions.

(2) Conditional probability of torus failure gives VS failure * 0.162.

Figure C-2. LOCA systemic event tree for intermediate steam break
(Iy), with system and sequence values filled in.
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2.2.3 Emergency Cooling During Injection

There are three systems available to mitigate the intermediate liquid
break. These are the HPCI, core spray, and LPCI systems. The designations
f or these systems for the systemic event trees are D, FB, and GD
respectively. Table C-2 lists each system, its failure criteria, the

*

unavailability for each calculated by the RAS code, and Appendix B tables
for lists of dominant cut sets. Operation of any of these three systems is
sufficient to perform the ECI function.

.

TABLE C-2. INTERMEDIATE STEAM BREAK ECI CRITERIA

Appendix B
Dominant
Cut Set

System Table
Designation Failure Criteria Unavailability Number

D llPCI fails to inject rated flow 6.5 x 10-2 B-33
to core

FB Less than one of two core spray 6.6 x 10-4 B-47
loops delivers rated flow to
core

,

G9 Less than one of four LPCI 1.1 x 10-4 B-17
pumps delivers rated flow to B-18 ~j
core

2.2.4 Decay lleat Removal

There is only one system that performs the DilR function, the RHR sys-
tem, llowever there are two modes of RHR used to mitigate the intermediate
liquid break: torus cooling (Rg) and shutdown cooling (B ). EitherA
torus cooling or shutdown cooling must operate to remove decay heat from
the reactor to prevent containment overpressurization and eventual core
melt.

lable C-3 summarizes the failure criteria for each mode of RHR opera-
tion and presents Appendix B dominant contributor tables, and the unavail-
ability from the RAS code for each. It is noteworthy that, although RA
only requires one of four pumps and heat exchangers where RR requires two

is significantly higher than that ofof four, the unavailability of RA
*

R This is because shutdown cooling (R ) uses a single suction line
3 A

with three MOVs, whereas torus cooling (Rg) uses a double suction line
with no valves required to change position.

.

1
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TABLE C-3. DECAY HEAT REMOVAL FAILURE CRITERIA

Appendix B
Dominant
Cut Set.

System Table
Designation Failure Criteria Unavailability Number

RA Less than one of four pump and 2.0 x 10-2 B-19
"

heat exchanger combinations B-20
recirculating reactor coolant

RB Less than two of four pump and 3.1 x 10-3 B-21
heat exchanger combinations
recirculating torus water

2.3 Sequence Calculations

There are 10 core melt sequences on the intermediate steam break sys-
tenic event tree. Six sequences involve failure of the DHR function, two
involve failure of the reactor subcriticality function, and two involve
failure of the ECI function. The sequences are designated by the initiating
event let ter code, Iy, and the system (s) failure code associated with the-

particular sequence.

t 2.3.1 Sequence IyR RBA-

In this sequence the reactor subcriticality, vapor suppression, and
HPCI systems perform satisfactorily, but the torus cooling and shutdown
cooling modes of the RHR system fail. The unavailability of torus cooling
and shutdown cooling for this sequence is 7.6 x 10-5 as shown below.

_ _ _

Q(R R ) = Q(B O C O D G R GRg 3 A

= Q(R ~

B A B A

= Q(R ~

B A
~ " ~ "

B A E A B A

= Q(R ~ ~ ~

B A

= Q(R
B A B A.

= (3.1 x 10~ )(2.0 x 10~ )+ 1.4 x 10
,

7.6 x 10' .=
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The term COM[(R n RA n (B U C U D)] accounts for success of theB
systems preceeding RBnRA precluding some f ailure modes of RB nR*A
In this case, they are negligible. The term COM(R O R ) accounts forB A

commonalities between RB and R . These commonalities were . identifiedA
using the methods of Section 1.' above. Three dominant cut set tables in
Appendix B (Tables B-19 through B-21) apply to the RHR system (two tables
for two loops of RA and one table for R ). However, cut sets that *

B
simultaneously fail all three systems cannot be readily identified from
these tables. Ra'ther, a case-by-case examination of potential commonalities
flagged by COMCAN runs was required. The results showed that commonalities .

between RB and RA are primarily due to minimum-flow bypass valve faults.

Since the initiator has no effect on torus cooling or shutdown cooling,
the sequence frequency is equal to the product of the initiator frequency
and the systems unavailability:

P(I R R ) = F(Iy) Q(Ry BA

= (2.1 x 10- )(7.6 x 10- )

= 1.6 x 10- .

2.3.2 Sequence IyDR RBA

This sequence is similar to the previous one, but in this sequence the
*

HPCI system fails. The core spray system operates to replace the lost reac-
tor coolant. Subsequently, toris cooling and shutdown cooling fail. The
unavailability for HPCI, torus cooling and shutdown cooling is 4.9 x 10-6 j

as shown below.

Q(DR'BR ) = Q (B n C O D n FB B A

= Q(D n R -

B A BB A

= Q(D G R nR -

g A

= Q(D) Q(R R ) + COM (D n R
B B A

= (0.065)(7.6 x 10- )+0

= 4.9 x 10 .

'

nR O (B U C U F )] accounts for the successThe term COMl(D n Rg 3 B
of the reactor subcriticality, vapor suppression, or core spray systems
precluding some failure modes of D n RBnR. In this case, they areA
negligibic. The term COM(D n R nRA) accounts for commonalities *

B
between the llPCI system and Rg n R . 'Ibese are also negligible.g
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Unlike the previous sequence, the initiator can af fect the mitigating
systems for this sequence since 23.2% of the piping susceptible to inter-
mediate steam breaks is HPCI piping. The first term in the equation below,
0.232 F(Iy)Q(R R ), represents the frequency when the break is on theBA
HPCI line. Note that D does not appear in this term since it is assumed
that the break disables HPCI. The term 0.768F(Iy)Q(DR R ) representsBA.

the sequence f requency for intermediate steam breaks that do not af fect
HPCI operability.

P(I DR ~ +* *

BA V BA V BA

= (0.232)(2.1 x 10~ )(7.6 x 10 ) + (0.768)(2.1 x 10 )(4.9 x 10~ )

-10= 3.7 x 10~9+ 8.0 x 10

-9
= 4.5 x 10 .

2.3.3 Sequence IyDF R RBBA

Af ter successful operation of the reactor subcriticality and vapor
suppression systems, both the HPCI and core spray systems fail. The LPCI
mode of RHR functions properly but torus cooling and shutdown cooling
fail. The unavailability for the mitigating systems for this sequence is

,

negligible as shown below.

t Q(DF "

BBA B D B A

(B U C U G )3= Q(D O F R -

B B A DB B A

= Q(D G F ~ "
B B A B B A

- COM(D G F R nR O C)
B

- COM (D G F
B B A D

= Q(D O F ~

B B A D
~~

B B A

= Q(D) Q(F B B A B B A

- COM(D G F
B B A D

= Q(D) Q(F -

B B A D*B B A

.

The term COM[D G Fg nR ORA n (B U C U GD)] accounts for successB
of the reactor subcriticality, vapor suppression, or LPCI mode of RHR

nR In this case theprecluding some failure modes of D n FBqRB A.
contribution from reactor subcriticality or vapor suppression is negligible.
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However, the success of the LPCI mode precludes the dominant contributors
to failure of R nR. Therefore, the value of Q(DF R RB B A) isB A
much less than the 3.9 x 10~9 value obtained by igncring the success of
the LPCI mode.

Since the initiator frequency for this sequence is 2.1 x 10-4 and the
unavailability Q(DF R RB B A) must be less than 3.9 x 10-9, the sequence *

frequency will be much less than 1.0 x 10-8 As discussed later, 1.0 x 10-8
was chosen as the initial screening value for determining candidate dominant
sequences. Since it is obvious that this sequence frequency will be less -

than 1.0 x 10-8, no further quantification is necessary.

2.3.4 Sequence IyDF CBD

Following successful reactor subcriticality and vapor suppression sys-
tcm operation, none of the ECI systems operate to restore reactor vessel
water level. The unavailability for the mitigating systems for this
sequence is 7.2 x 10-9, as shown below.

Q(DF G "

3D B D

= Q(D n F nC ~

B D3 D

= Q(D n F ~

B D .

= Q(D) Q(F +
B D B D

1

= Q(D) Q(F
B D

= Q(D) [Q(F ) Q(G ) + COM(F G
B D

= (0.065)(7.3 x 10~ + 3.4 x 10~

7.2 x 10 h= .

The term COM[D n F3nGD n (B U C)] accounts for success of either
reactor subcriticality or vapor suppression precluding some failure modes of

In this case they are negligible. The term COM(D G Fg nGD)DnF3nGD.
accounts for commonalities between the HPCI system and the combination of

nG The term COM(FBnGD) accounts for commonalities between FB n GoF3 D.
primarily due to combinations of electric power taults.that are

In this sequence also, the initiator can effect the mitigating systems .

since 23.2% of piping susceptible to intermediate steam breaks is HPCI
piping and 3.8% is core spray piping. The term 0.232 Q(F GB 9) accounts
for that percentage of breaks that disables HPC1. Therefore, D does not .

appear in this term. 'I b e next term, 0.038 Q(DFB'G ), accounts for9
those breaks that disable one core spray loop. The term F3' represents
the unavailability of the remaining loop; its probability is less than that
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1

of FB since there are no longer two loops available in this case. The
last term, 0.730 Q(DF C ), accounts for breaks not occurring on any ofBD
the mitigating systems. As with the previous sequence, this sequence is
designated as having a frequency less than 1 x 10-8, |

P(I DF * * *. y BD V BD B D BD

(2.1 x 10 )[(0.232)(1.1 x 10~ ) + (0.038)(0.065)(5.7 x 10-6)=
,

+ 0.730 (7.2 x 10 )]

+ 1.4 x 10~ + 5.3 x 10 ')
-

(2.1 x 10 )(2.6 x 10'=

(2.1 x 10 )(4.5 x 10-8)=

< 1 x 10~ .

I CDF R RB B A, and IyCDF Gp2.3.5 Sequences lyCRgRA I CDR RBA> V BV

These sequences are identical to the four sequences just discussed
except that the vapor suppression system fails to operate properly and over-
pressurization of the containment occurs. Overpressurization causes the

'

containment to rupture. This could impact the ability of the ECI and DHR
functions if the rupture occurs below the water line of the torus. Assuming
that the break is equally likely to occur anywhere on the primary contain-

* ment boundary, the probability of the break occurring below the torus water
line is equal to the ratio of surface area of the containment below the
water line to the total surface area (about 0.162). Therefore, the unavail-

ability of the ECI and DilR systems given vapor suppression system failure
is 0.162 + 0.638 (the unavailability for those systems from the vapor sup-
pression system succesr sequences). In each case, the dominant contributor
to ECI or DilR failure is where the rupture occurs below the torus water
line. 'I h u s , the unavailability of the mitigating systems for these
sequences are equal and have a value of 6.0 x 10-5 as shown below. The
designator X in this case represents the combination of any of the four
previous EC1 or DHR systems.

Q(CX) = Q(B G C O X)

= Q(C n X) - COM(B n C n X)

= Q(C n X) - 0
'

= Q(C)(0.162 + 0.838 Q(X))

= Q(C)(0.162)
.

= 6.0 x 10~ ,
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Therefore, the sequence frequency for each of these sequences is equal.
The value of the frequency is the product of the initiator frequency and the
systems unavailability.

P(I CX) = F(I )Q(CX)y
.

= (2.1 x 10- )(6.0 x 10- )

= 1.3 x 10' .

2.3.6 Sequences IyB and lyBC

In both of these sequences, an intermediate steam break is followed by
a failure to scram. While both sequences result in a core melt, they are
treated as distinct sequences since the operability of the vapor suppression
system can effect the magnitude of the radionuclide release by " scrubbing"
some of the fission products prior to containment failure. The
unavailabilities and sequence frequencies are given below.

Q(B) = Q(B n C)

= Q(B) - COM(B n C)

-5
= 3.0 x 10 -0

-5
3.0 x 10 ,=

Q(BC) = Q(B n C)

= Q(B) Q(C) + COM(B n C)

= (3.0 x 10~ )(3.7 x 10- )+0
-

1.1 x 10=

P(l B) = F(Iy) Q(B)y

(2.1 x 10- )(3.0 x 10- )=

= 6.3 x 10~
#

P(l BC) = F(ly) Q(BC)y

(2.1 x 10- )(1.1 x 10- ) *
=

< l.0 x 10" .
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3. FAILURE DATA

3.1 Component Failure Data

Each of the failure events identified in the various fault trees and
described by the eight-character event-naming code was assigned failure,

data so that fault tree quantification based on these events could be
accomplished.

*

In general, the recommended data base provided by NRC (Table C-4) was
utilized to obtain this failure data. WASH-1400 was the major source of
the tabular data. However, in some instances, the WASH-1400 data is sup-
plemented by data found in the various LER Data Summery NUREGs. For the
Browns Ferry study, the generic WASH-1400 data was applied where
appropriate.

Occasionally, a failure rate that corresponded directly to a specific
component failure mode could not be determined f rom the data in Table C-4.
In these cases, other methods were used to determine an acceptable failure
rate for the component in question. Table C-5 lists these failure modes
and the corresponding failure rates that were used in the BF1 study. Most
of these additional failure rodes considered could be related to a similar
failure mode category in the WASH-1400 data, with three exceptions:

1. Rupture disk leakage / rupture failure rates were estimated by using
plant-specific data supplied by TVA..

2. No data source was available for the probability of heat exchanger
or strainer plugging; an estimate of 1.0 x 10-6 per hour wass
used for these modes.

3. Since many of the motor-operated valves (MOV) and pump control
circuits were similar in design, generic probability values were
derived for output f ailure of typical MOV and pump motor control
circuits. These values varied depending on whether the circuit

tested or demanded on a monthly or quarterly basis. The auto-was
initiation logic placing the " demand" on the control circuit was
explicitly modeled in every case. The analysis of the generic
control circuits can be found in Section 5 of Appendix B.

The repair times for components was taken from Table III 5-2 of
WASH-1400, Summary of Major Maintenance Act Duration, for pumps, valves,
d iese ls , and instrumentation. Electrical components (other than diesels)

were assumed to have the same repair rate as that shown for instrumentation
(7 hours).

3.2 Human Error Rates.

I

i Human errors of omission were included where appropriate in the fault
tree models for errors involving test and maintenance, and those involving

,

errors in response to an accident situation. Surveillance and maintenance
instructions were reviewed to identify potential human errors during testing
or maintenance and are discussed in Appendix B on a system-by-system basis.
Emergency operating instructions were reviewed with regard to potential
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TABLE C-4. IREP DATA TABLE 3A AND 3B

Mechanical Components

_

( f rom WASH-1400, Table III 4-1)

Failure
Rate Assessed Error

Component and Failure Mode Type Range Median Factor

Pumps (includes d river)

Motor and turbine driven (generic class)

Failure to start on demand Da 3E-4 3E-3 IE-3 3

Failure to run, given start (normal environments) 0 3F-6 3E-4 3E-5 10

Failure to run, given start (extreme, post accident 0 lE-4 IE-2 lE-3 10

environments inside containment)
F ailure to run, given start (postaccident, after 0 3E-5 3E-3 3E-4 10

environmental recovery)g

A
lurbine driven pumps*-)

Failure to start on demand (failure rates shown are in D lE-3 lE-2 3E-3 3

addition to WASH-1400 values)
Failure to run, given start (failure rates shown are in 0 lE-5 IE-4 3E-5 3

addition to WASH-1400 values)

Valves

Motor operated

Failure to operate (includes driver) Db 3E-4 3E-3 IE-3 3

Failure to remain open (plug) De 3E-5 3E-4 lE-4 3

Failure to remain open (plug) S lE-7 lE-6 3E-7 3

Rupture S lE-9 IE-7 IE-8 10

Solenoid operated

Failure to operate Db 3E-4 3E-3 lE-3 3

Failure to remain open (plug) D 3E-5 3E-4 lE-4 3

Rupture S 1E-9 IE-7 IE-8 10

. . g . ..

_ _ _ _ _ _ _ _ _



4. . . . .

4

1AbLE C-4. (continutd)

Mechanical Components
(from WASit-1400, Table Ill 4-1)

i

Failure
Rate Assessed Error

Component aort Failure Mode Type Range Median Factor

Valves (continued)

Air-fluid operated

bD IE-4 lE-3 3E-4 3Failure to operate
Failure to remain open (plug) D 3E-5 3E-4 lE-4 3

Failure to remain open (plug) S lE-7 IE-6 3T.-7 3

S lE-9 IE-7 IE-8 10Rupture

g Check valvrs
o

D 3E-5 3E-4 IE-4 3Failure to open
Internal leak (severe) D lE-7 IE-6 3E-7 3

S lE-9 IE-7 IE-8 10Rupture

Vacuum valve

Failure to operate D lE-5 IE-4 3E-5 3

I Manual valvc
|

| Failure to operate (failure rates shown are in addition D 3E-5 3E-4 IE-4 3

to WASH-1400 values)
Failure to remain open (plug) D 3E-5 3E-4 lE-4 3

S lE-9 lE-7 IE-8 10Rupture
;

Primary safety valves (PWR)

Fail to open ( f ailure rates shown are a revision of D lE-3 IE-2 3E-3 3

WASli-1400 values)



1ABLE C-4 (continued)

Mechanical Components
(from WASH-1400, Table III 4-1)

Failure
Rate Assessed Error

Component and Failure Mode Tvpe Range Nedian Factor

Valves (continued)

Primary safety valves (PWR) (continued)

Premature open (failure rates shewn are a revision of S lE-6 IE-5 3E-6 3

WASH-1400 values)
(F ven valve opened) (failure rates Dd 3E-3 3E-2 lE-2 3Failure to reclose i

shown are a revision of WASH-1400 values)
n
d Primarv safety valves (EWR)
v '

Fail to open (failure rates shown are a revision of D 3E-3 3E-2 lE-2 3

WAsil-1400 values)
Premature open ( f ailure rates shown are a revision of S lE-6 IE-5 3E-6 3

WASli-1400 values)
Fail to reclose (given valve opened) (failure rates D lE-3 IE-2 3E-3 3

shown are a revision of WASil-1400 values)

Test valves, flow meters, orifices

Failure to remain open (pluF) D IE-4 lE-3 3E-4 3

Rupture S lE-9 lE-7 IE-8 10

Pipes

Pipes < 3-in. diameter (per section)
Rupture / plug S+D 3E-Il 3E-8 IE-9 30
Pipe >3-in. dianeter (per section)
Rupture / plug S+D 3E-12 3E-9 IE-10 30

. . . . . .
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IABLE C-4 (continued)

Mechanical Components
(from WASH-1400, Table 11I 4-1)

Failure
Rate Assessed F. rro r

Component and Failure Mode Type Range Median Factor

Clutch, mechanical

bFailure to operate D IE-4 lE-3 3E-4 3

Scram rods (single)

Failure to insert D 3E-5 3E-4 IE-4 3

.

Electrical Components
7 ( f ron WASH-1400, Table III 4-2)
PJ
v

Clutch, electrical

Failure to operate Da IE-4 lE-3 3E-4 3

Premature disengagement O lE-7 IE-5 IE-6 10

Motors, electric

Failure to start Da IE-4 IE-3 3E-4 3

Failure to run, given start (normal environment) 0 3E-6 3E-5 IE-5 3

Failure to run, given start (extreme environment) O lE-4 IE-2 1E-3 10

kelays

Failure to energize Da 3E-5 3E-4 lE-4 3

Failure of NO contacts to close, given energized O lE-7 IE-6 3E-7 3
Failure of hC contacts by opening, given not energized O 3E-8 3E-7 IE-7 3

I
i

l

!

._



TABLE L-4 (continued)

Electrical Components
(from WASH-1400, Table 111 4-2)

Failure
Rate Assessed Error

Component and Failure Mode Type _, Range Median Factor

Short across N0/hL contact O lE-9 IE-7 IE-8 10

Coil open 0 1E-8 IE-6 IE-7 10

Coil short to power O lE-9 IE-7 IE-8 10

Lircuit breakers

Failure to transter Da 3E-4 3E-3 lE-3 3

Premature transfer 0 3E-7 3E-6 IE-6 3

&
Switches

Limit

Failure to operate D lE-4 lE-3 3E-4 3

'l o r qu e

Failure to operate D 3E-5 3E-4 IE-4 3

Pressure

Failure to operate D 3E-5 3E-4 lE-4 3

Manual

Failure to transfer D 3E-6 3E-5 lE-5 3

. . . , ,



4. . . . .

,

TABLE C-4. (continued)

Electrical Components
(from WASH-1400, Table III 4-2)

Failure
Rate Assessed E rro r

Component and Failure Mode Type Range Median Factor

Switch contacts

Failure of NO contacts to close given switch operation D lE-8 IE-6 lE-7 10
Failure of NC contacts by opening, given no switch D 3E-9 3E-7 3E-8 10

operation
Short across N0/NC contact D lE-9 1E-7 IE-8 10

Battery power system (wet cell)
?
[' Failure to provide proper output S lE-6 IE-5 3E-6 3,

Transformers

Open circuit primary or secondary 0 3E-7 3E-6 lE-6 3
Short primary to secondary 0 3E-7 3E-6 lE-6 3

; Solid state devices, high power applications (diodes,
transitors, etc.)

Fails to function O 3E-7 3E-5 3E-6 10

Fails shorted 0 1E-7 lE-5 lE-6 10

Solid state devices, low power applications

Fails to function O lE-7 1E-5 lE-6 10
Fails shorted 0 lE-8 lE-6 1E-7 10



1AhLE C-4. (continuec;

Electrical Components
(from WASH-1400, Table III 4-2)

Failure
Rate Assessed Error

Component and Failure Mode Type Range Median Factor

Diesels (complete plant)

Failure to start D lE-2 1E-1 3E-2 3

Failure to run, emergency conditions, given start 0 3E-4 3E-2 3E-3 10

Diesels (engine only)

n
2, Failure to run, emergency conditions, given start O 3E-5 3E-3 3E-4 10
*

Instrumentation- general (includes transmitter, amplifier,
and output devices)

Failure to operate 0 1E-7 IE-5 IE-6 10

Shitt in calibration 0 3E-6 3E-4 3E-5 10

Fuses

Failure to open D 3E-6 3E-5 lE-5 3

Premature open 0 3E-7 3E-6 IE-6 3

Wires (typical circuits, several joints)

Open circuit 0 lE-6 IE-5 3E-6 3

Short to ground 0 3E-8 3E-6 3E-7 10

Short to power 0 1E-9 lE-7 lE-8 10

. . .. ,
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TABLE C-4. (continued)
;

i

Terminal boards'

:
!

| Open connection 0 1E-8 1E-6 1E-7 10

Short to adjacent circuit O 1E-9 IE-7 1E-8 10
,

i

Demand probabilities are based on the presence of proper input control signals. For turbine driven4
a.

pumps, the effect of failures of valves, sensors, and other auxiliary hardware may result in significantly
higher overall failure rates for turbine driven pump systems.

4

b. Demand probabilities are based on presence of proper input control signals.'

,

[ Plug probabilities are given in demand probability, and per hour rates, since phenomena are generally |c.

time dependent; but plugged condition may only be detected upon a demand of the system.e
.

d. These rates are based on LERs for Babcock & Wilcox pressurizer PORV failure to reseat, given the valve
,

has opened.

Abbreviations:'

D = Demand f ailure rate (f ailures per demand)
,

| 0 = Operating f ailure rate (failures per hour of operation)
;

! S = Standby f ailure rate (f ailures per hour of standby)
i

S + D = Standby or operating f ailure rate ( failures per hour).
9

I

I
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TABLE C-5. COMPONENT DATA NOT AVAILABLE IN TABLE C-4

Failure Unavailability
Component Mode Calculation Remarks

Stop check valve Does not 1 x 10-4 Used check valve rate
*

open

Governor control valve Does not 3 x 10-4 Used data for air / *

operate fluid operated valves

Rupture disks Leakage / 2.1 x 10-2 A = 5.7 x 10-5/hr
rupture (based on information

from TVA)

Time-delay relays Premature 1 x 10-4 Used relay failure-
close to-energize rate

Heat exchanger Plugged 1 x 10-6 Engineering judgement

Strainer Plugged 1x 10-6 Engineering judgement

MOV control circuit No output 3.2 x 10-3 Generic rate based on
(8.8 x 10-3) monthly testing

(quarterly) ,

Pump control circuit No output 2.9 x 10-3 Generic rate based on
(8.4 x 10-3) monthly testing

"
(quarterly)

accident scenarios to determine the required human interactions with miti-
gating systems in response to the accidents. Section 4.7 of Appendix A
describes in more detail these operator response errors.

Initial screening guidelines suggested that human error events in the
models be assigned a probability value of 0.1. This proved to be too con-
servative and tended to mask significant hardware contributions to system
unavailability. Thus, initial screening values were refined on a case-by-

basis using engineering judgement.case

For those systems where the reduced human error rates still made a
significant contribution to the probability of failure, an explicit human
error model was developed based on the procedures found in the Sandia pub-
lication, NUREG/CR-1278.6 It was especially important to create these
models for human error events that affected multiple systems. For example,

*

miscalibration of reactor vessel level switches could result in failure of
the core standby cooling systems to be auto-initiated when required. These
human error models can be found in Section 4 of Appendix B.
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3.3 Recovery Factors

For the candidate dominant accident sequences, the potential for
recovery was considered in the final sequence frequency. To determine
recoverability, the dominant contributors to the sequence frequency were
examined to determine answers to several questions:i ,

i 1. Are the failure modes of the dominant contributors ones that allow

! for recovery? For example, an initiation fault may be recoverable
by having the operator manually starting a system / component,*

whereas a mechanical failure of a valve may not be recoverable.

' 2. How much time is available to take the recovery action?

3. What must be done to repair the fault, and where must the action
be taken? The only faults considered recoverable when the time
available was less than 2 hours were those where simple action by
the operator, such as throwing a switch or pushing a button in
the control room, would correct the fault. Local faults recover- '

i

able from outside the control room where the recovery time avail-
able was more than 2 hours were also considered.

Recoverable faults were requantified by multiplying the fault unavail-
ability by the probability of nonrecovery factor. Table C-6 summarizes
these factors.

.

|

| TABLE C-6. NONRECOVERY FACTORS

.

i

Probability of'

Time Available to Recover Nonrecovery Factor

Less than 5 min 1.00

5 to 10 min 0.25

i 10 to 20 min 0.10
|

| 20 to 30 min 0.05

30 to 60 min 0.03

More than 60 min 0.01

More than 2 hr 0.01

(outside control room)
, .

.

i

. .

!
<
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4. CANDIDATE DOMINANT SEQUENCES
J

4.1 Introduction

Figures C-3 through C-13 are the systemic event trees. As an initial
screening tool, only sequences with frequencies greater than 1.0 x 10-8
were considered significant. From the systemic event trees listed above, *

Table C-7 lists by initiating event those sequence frequencies greater than
10~8 Table C-8 lists these systemic event tree sequence frequencies in
decreasingorderofmagnitude. Of these sequences, those with frequencies

-

greater than 1.0 x 10- were chosen as the candidate dominant sequences.
Table C-9 lists these sequences along with the sequence initiator, the sys-
temic event tree sequence designator, the initial sequence frequency, and,

the final sequence frequency after recovery has been considered.'

In the following section, the quantification for each candidate dom-
inant sequence is discussed. Each candidate sequence is identified by a
letter designator representing the initiator (see Table C-10) and a group

! of letters corresponding to the systems that fail for the sequence. The
sequences are also described by a written description that includes the

;

initiator and the system (s) that must fail to cause the sequence to occur.
Each candidate sequence is discussed in tE rms of what happens, what its
initial frequency is, what the dominant contributors are, and what, if any,
recovery actions are possible. Where availability of data permits, the
sequence f requencies were refined to take into account recovery actions.

,

1 *

j For clarification, three tables are provided to assist the reader in
understanding how the values for the sequence f requencies were determined.
Table C-11 lists the various f ront-line systems and their corresponding
designators and unavailabilities for various accident conditions. *

Appendix B gives the dominant cut sets for each system.

Table C-12 lists the unavailabilities for important combinations of
systems. The table lists the independent, commonality, and net unavail-
abilities for these combinations. Appendix B contains the dominant cut sets
for each system but does not show implicitly the source of commonalities2

between systems. Table C-13 lists the system combinations of Table C-12!

I that have significant commonalities and briefly describes the major
contributions to each.-

4.2 Sequence Evaluation'

There are 11 candidate dominant accident sequences. Six of these
j
t sequences involve failure of the DHR function to remove decay heat, three

involve failure to inject water, and two involve failure to scram. All of
4 the candidate dominant sequences involve transient initiators.

4.2.1 Loss of Offsite Power with DHR Failure (TpR R ) *BA

For this sequence, the LOSP transient results in a reactor scram and
,

' the reactor vessel is isolated from the steam system by the main steam *

| isolation valves (MSIVs). The primary relief valves lift to relieve reactor
j vessel pressure and reclose when pressure falls below the valve setpoint.
I
<
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TABLE C-7. SEQUENCE FREQUENCIES GREATER THAN 10-8 BY INITIATOR ,

Sequence Sequence Sequence Sequence
*

Designator Frequency Designator Frequency

1.3 x 10-41.7 x 10-8 TRRUBALRR3BA
5. 5 x 10- 6LFG3AB 1.1 x 10-8 T QR RBAU
2.4 x 10-7T QDR RBAU

T QDWF G X 4.1 x 10-8LERDBA 6.3 x 10-8 U B9
2.0 x 10-8 TgQDV 9.2 x 10-6LpF GAD

TB 5.1 x 10-5LgF Fg 2.6 x 10-8 UA

1.5 x 10-31.4 x 10-7 TpR RBAI RgRAL
6.2 x 10-5TpQR RBA
1.7 x 10-81.6 x 10-8 TpQDR RBAlyRgRA

1.3 x 10-8 TpQDF C X 1.2 x 10-6lyCRgRA BD
1.3 x 10-8 TpQDV 1.7 x 10-7lyCDRgRA

lyCDFgR RBA 1.3 x 10-8 TpB 9.0 x 10-7
IyCDF Go 1.3 x 10-8b

8.9 x 10-7T PR RBA ,A
3.7 x 10-8SRgRA 5.3 x 10-7 T PQR RBAA

T PQDWF G X 2.8 x 10-8SDRgRA 1.2 x 10-7 A BD
T PQDV 6.3 x 10-8SCRgRA 6.0 x 10-8 A
T BP 3.5 x 10-7 ~

SCDRgBA 6.0 x 10-8 A
T BM 3.7 x 10-6SCDF RgRA 6.0 x 10-8 AB

SCDF GbD 6.0 x 10-8
1.2 x 10-5SCDE 6.0 x 10-8 TKRgRA
7.8 x 10-7SB 3.0 x 10-8 f TKDRgRA
3.9 x 10-7TKDF GBD,

8.3 x 10-5TpKR RBA
3.3 x 10-8TpKDR RBA
2.5 x 10-6TpKDF GB9

.

.
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I

I

TABLE C-8. SYSTEMIC SEQUENCE FREQUENCIES IN DRCREASING ORDER OF.

MAGNITUDE

.

Sequence Sequence Sequence Sequence
Designator Frequency Designator Frequency

6.3 x 10-81.5 x 10-3 LRRDBATpR RBA
6.0 x 10-81.3 x 10-4 SCR RBATRRUBA
6.0 x 10-88.3 x 10-5 SCDR RBATpKR RBA
6.0 x 10-86.2 x 10-5 SCDF R RBBATpQR RBA
6.0 x 10-8TB 5.1 x 10-5 SCDF CBDU

1.2 x 10-5 SCDE 6.0 x 10-8TKR RBA

T QDWF G X 4.1 x 10-8T QDV 9.2 x 10-6 U B9U
3.7 x 10-85. 5 x 10-6 T PQR RBATgQRgRA A
3.3 x 10-8T BM 3.7 x 10-6 TpKDR RBAA

2. 5 x 10-6 SB 3.0 x 10-8TpKDF GbD
T PQDWF G X 2.8 x 10-8TpQDF GnX 1.2 x 10-6 A BDB

2.6 x 10-81pB 9.0 x 10-7 LpF FAB
.

2.0 x 10-88.9 x 10-7 LpF GADT PR RBAA
7.8 x 10-7 TpQDR RBA 1.7 x 10-8TKDR RBA

LRR3BA 1.7 x 10-8SR RBA 5.3 x 10-7 i
.

3.9 x 10-7 | IyR RBA 1.6 x 10-8TKDF CBD
T BP 3.5 x 10-7 ! IyCR RBA 1.3 x 10-8A

1.3 x 10-8TgQDRgRA 2.4 x 10-7
|

IyCDR RBA

1.3 x 10-8TpQDV 1.7 x 10-7 IyCDF R RBBA
1.3 x 10-8R 1.4 x 10-7 IyCDF CBDI L gRA

tg A 3 1.1 x 10-8SDR RBA 1.2 x 10-7 pG

A QDV 6.3 x 10-81 P

.

e
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TABLE C-9. CANDIDATE DOMINANT SEQUENCES .

Sequence Frequence
*

Sequence
Sequence Initiator Designator Initial Final

1.2 x 10-5 9.3 x 10-6Transient-induced LOCAs TKR RBA

LOSP-induced LOCAs TpKF RBA 8.3 x 10-5 1.6 x 10-6
TpKDF GBD 2.5 x 10-6 8.7 x 10-8

1.3 x 10-4 9.7 x 10-5PCS unavailable TRRUBA
5.5 x 10-6 4.1 x 10-6T QR RBAU

TB 5.1 x 10-5 5,1 x 10-5
U

T QDV 9.2 x 10-6 5.5 x 10-7U

T BM 3.7 x 10-6 3.7 x 10-6PCs available A

1.5 x 10-3 2.8 x 10-5LOSP TpR RBA ,

6.2 x 10-5 1.2 x 10-6TpQR RBA
TpQDF G X 1.2 x 10-6 3.6 x 10-8BD

.

e

O
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TABLE C-10. INITIATOR DESIGNATORS

Frequency
Designator Initiator (per reactor year)

LS Large suction break 9.9 x 10-6
LD Large discharge break 3.9 x 10-5
Ly Large steam break 5.2 x 10-5
IL Intermediate liquid break 9.0 x 10-5*

Iy Intermediate steam break 2.1 x 10-4

S Small liquid or steam break 1.0 x 10-3
T Transients where PCS is unavailable 1.70U
Tp Loss of offsite power transient 3.0 x 10-2
1 Transients where PCS is available 1.684
TK Transient induced SORV 1.63 x 10-l*
tpk Loss of of fsite power-induced SORV 1.7 x 10-3*

* Two additional initiators are defined in this table. In each case they
represent transient-induced SORVs. The designator TK is used to represent
the combined frequency for a SORV from both the PCS available and PCS
unavailable transient event trees. The designator K represents a system
that is described for both of these cases in Table C-11. tpk represents
the frequency for a SORV from the PCS unavailable transient event tree for,

only the special case where LOSP was the initiator. Each of these
initiators transfer to the intermediate steam break LOCA systemic event
t ree at the EC1 systems branch point. The LOSP transient-induced SORV was

,

treated independently from the PCS unavailable category due to the
important dependencies of the mitigating systems on emergency onsite AC
power.

TABLE C-11. FRONT-LINE SYSTEMS UNAVAILABILITIES

Designator System Special Conditions Unavailability

B Control rod drive -- 3.0 x 10-5

C Vapor suppression -- 3.7 x 10-4

D HPCI LOCA initiator 6.5 x 10-2
T rans ient initiator 4.4 x 10-2

E ADS -- 3.2 x 10-4

FA Core spray Normal power 5.2 x 10-2
(two core spray loops)

C-47



TABLE C-11. (continued)

Designator System Special Conditions Unavailability

FB Core spray Normal power 6.6 x 10-4
(one core spray loop) LOSP 9.6 x 10-4

*

Steam break on core 2.6 x 10-2
spray pipe

.

6.6 x 10-4GA R}{R (LPCI mode) --

(two LPCI pumps in
same loop)

2.1 x 10-2R!lR (LPCI mode)GB
--

(two LPCI pumps,
in each loop)one

RHR (LPCI mode) -- 5.0 x 10-2GC
( four LPCI pumps)

Go RilR (LPCI mode) Normal power 1.1 x 10-4
(one LPCI pump) LOSP 2.7 x 10-4

Break on recirculation 1.0 x 10-2
discharge

J Relief valves (opening) -- 7.2 x 10-9
'

K Relief valves (closing) Transients without PCS 5.7 x 10-2
Transients with PCS 3.9 x 10-2 .

M Recirculation pumps -- 8.7 x 10-3

N Main steam isolation -- 4.4 x 10-7
valve

P Power conversion system -- 7.0 x 10-3

Q RCIC -- 4.2 x 10-2

RA RllR (shutdown cooling) Normal power 2.0 x 10-2
LOSP 4.2 x 10-2
Break on recirculation 3.1 x 10-2
discharge

Rg RllR (torus cooling) Normal power 3.1 x 10-3
LOSP 7.2 x 10-3

.

V Manual depressurization -- 3.0 x 10-3

W Condensate pumps -- 7 x 10-3

X RHR (SBCS mode) Normal power 4.2 x 10-2
LOSP 4.6 x 10-2
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TABLE C-12. SYSTEM COMBINATIONS OF IMPORTANCE

Unavailability |
Special

System Combination Conditions Independent Common Net.

R nRB Normal power 6.2 x 10-5 1.4 x 10-5 7.6 x 10-5A
LOSP 3.0 x 10-4 4.9 x 10-2 4.9 x 10-2
Break on recir- 1.6 x 10-3 1.6 x 10-3

"

c

culation
discharge

G AG -- 1.4 x 10-5 4.2 x 10-4 4.3 x 10-4A B

F nGB -- 1.1 x 10-3 4.6 x 10-6 1.1 x 10-3A

F OGC -- 3.3 x 10-5 2.5 x 10-6 3.6 x 10-5B

F GGo Break on recir- 5.2 x 10-4 2.4 x 10-6 5.2 x 10-4A
culation
discharge
No break 5.7 x 10-6 1.9 x 10-8 5.7 x 10-6

2.3 x 10-6DOE -- 2.3 x 10-6 c
.

Break on recir- 6.6 x 10-6 2.3 x 10-6 8.9 x 10-6F nGDB
culation
discharge.

No break 7.3 x 10-8 3.4 x 10-8 1,1 x to-7
LOSP 1.5 x 10-3 2.1 x 10-2 2.2 x 10-2

DnFgnG9 No break 7.2 x 10-9 2.4 x 10-6 2.4 x 10-6
c 5.8 x 10-7Break on recir- 5.8 x 10-7

culation
discharge

c 1.9 x 10-7Break on core 1.9 x 10-7
spray pipe
LOSP 1.5 x 10-3 1.5 x 10-3c

QGD Transients 1.8 x 10-3 2.4 x 10-6 1.8 x 10-3

T rans ien t s 2.0 x 10-10 2.4 x 10-6 2.4 x 10-6QODOFgnGD

QnDnV Transients 5.4 x 10-6 5.4 x 10-6c

QO Dn Fgn GDnW T rans ient s 1.7 x 10-8 1.7 x 10-8c
.

Pnw Transients 4.9 x 10-6 7.0 x 10-3 7.0 x 10-3

c 3.8 x 10-8Pn QnDnV Transients 3.8 x 10-8*

PAQnDAFB n Go Transients 1.7 x 10-8 1.7 x 10-8e
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TABLE C-12. (continued)

Unavailability
Special

System Combination Conditions Independent Common Net
.

F1WnX

F fTG O X LOSP 1.5 x 10-3 2.1 x 10-2 2.2 x 10-2 .

B D

QnDnFgnG OX LOSP 3.8 x 10-5 2.4 x 10-6 4.0 x 10-5D

Bf1 M 1ransients 2.6 x 10-7 1.9 x 10-6 2.2 x 10-6

TABLE C-13. COMMONALITIES OF IMPORTANCE

Commonalities
System Combination Special Conditions Unavailable Remarks

RA f1 RB Normal power 1.4 x 10-5 Minimum-flow
bypass valves

*

LOSP 4.9 x 10-2 Diesel gener-
ntor and
EECW faults

.

F1 G -- 4.2 x 10-4 Minimum-flowGA B
bypass valves
and loop dis-
charge valves

F) C -- 4.6 x 10-6 Electric
FA B

power faults

F3 f) GC
-- 2.5 x 10-6 Electric

power faults

Break on recircula- 2.4 x 10-6 ElectricFA fl GD
I

tion discharge power faults

No break 1.9 x 10-8 Electric
power faults

F3 fl Go Break on recircula- 2.3 x 10-6 Electric -

tion discharge power faults

No break 3.4 x 10-8 Electric .

power faults
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TABLE C-13. (continued)

Commonalities
System Combination Special Conditions Unavailable Remarks

.

LOSP 2.1 x 10-2 Primarily EECW
faults

.

D fl FB (T G9 Transients 2.4 x 10-6 Maintenance
Q (1 D Transients error to

QnDOF3nGD Transients level

Q fl Dll F II C nX LOSP switchesB D

P fl W Transients 7 x 10-3 Assumed that
PCS failure
causes con-
densate pump
failure

FB (T GD (T X LOSP 2.1 x 10-2 Primarily EECW
faults

B (1 M Transients 1.9 x 10-6 Reactor pro-
tection system

.

common mode
failures

.

The operator maintains normal reactor vessel water level using RCIC, a sys-
tem that will automatically initiate on low reactor vessel level. Following

the torus cooling (R ) and shutdown coolingsuccessful coolant injection, B
(R ) systems fail. A sustained loss of these systems will result in theg
inability to provide makeup water to the reactor to replace the inventory
lost due to boil off caused by decay heat. A core melt will eventually
occur. The initial value for this sequence is 1.5 x 10-3 per reactor year
based on an initiating frequency of 3 x 10-2 per reactor year and an
unavailability of 4.9 x 10-2 for the combination of RB and R -A
Figure C-14 is the systemic event tree for the LOSP transient.

The RHR system in either shutdown cooling or torus cooling mode removes
the reactor decay heat. The 4.9 x 10-2 unavailability for RB and RA
is comprised of 2.9 x 10-2 due to failures of RB and RA independent
of EECW faults and 2.0 x 10-2 due to EECW faults. The 2.9 x 10-2
unavailability is dominated by ccmbinations of electric power system
unavailabilities due primarily to diesel generator faults. The remaining'

2.0 x 10-2 contribution to DHR failure comes frcm the unavailability of

the EECW system to provide its required cooling given a LOSP. If the EECW
fails, all diesel generators will eventually fail and the RHR system will
be unavailable. The major contributor to the EECW unavailability is com-
binations of two or more diesel generators failing to start. These diesels

are not necessarily the same as those that fail Rg and RA directly.
Section 1.5 details the procedure for handling this type of potential logic
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|

loop. Essentially, the RB and RA unavailability is split into two por-
tions, with the unavailability assuming EECW works added to the unavail-
ability of EECW. Each of the candidate dominant sequences involving loss
of offsite power is treated similarly. Figure C-15 is a sequence evaluation
diagram showing the dominant contributors to the unavailability of RB and

i R*o
A

Should this sequence occur, the RCIC system providing the VWI function
I can continue to do so for approximately 6 to 8 hours without RHR operation.-

This estimate is based on the time it takes to deplete the condensate stor-
age tank and to heat the torus water to a temperature that prevents the
RCIC system from pumping the water, assuming no containment backpressure.7
With containment backpressure considered, operation of RCIC can continue
for approximately 24 hours before containment failure occurs, followed by
an inability to pump the torus water back to the core.

1

R nRAB
4.9 x 10 ~ 2fall

- w

.

3.0 x 10- 4 4.9 x 10 - 2
,

Independent Common
failures failures

-

7.2 x 10 - 3 4.2 x 10 - 2 2.9 x 10 - 2 2.0 x 10 - 2

Electric EECWRB RA
falls fails PO**' fails

faults

Appendin B. Appendix B, Appendix B.
Table B 25 Tables B-23 and 8 24 Table B 83

'

Combination
of three
diesels

- INEL 21648

Figure C-15. Dominant contributors to the unavailability of torus
cooling and shutdown cooling given LOSP.
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i

,

i.

There are several viable recovery considerations available to thei

operators during this time period. One is a restoration of offsite power.!

j If offsite power is restored within the 6 to 8 hour period, the unavail-
ability of the DHR function changes from 2.9 x 10-2 to 7.6 x 10-5,
Another recovery consideration is the restoration of EECW. The success
criteria used in this analysis requires three of the four EECW pumps to

! operate to provide cooling to all of the EECW loads. Two of four pumps '

! will provide up to 91% of rated flow and would provide the operator with
! some grace period to restore the lost pumps or valve in spare pumps from
j the RHRSW eystem. The operator could also isolate flow to nonessential '

| loads supplied by EECW so that the flow of two pumps would provide suf-
1 ficient cooling. The operator actions to restore EECW fall within the
] recovery guidelines as discussed previously in Section 3.3. That is, for
I the time period considered, there is only a 10-2 probability that the
; operator will not take corrective action during this time.
|

| From the WASH-1400 data (Figure III 6-4), approximately 97% of all
; offsite power outages can be repaired in 6 to 8 hours. Using the WASH-1400

restoration figure plus the recovery factor for providing the EECW with
sufficient pumping capability, the probability for RB and RA failure is
given by:

:

Q(RB A) =( .97)[ probability of R * "*" #*# "#BA
]

+ (0.03)[ probability of R " "" " # *
BA

.

i - ) + (0.03)[R " "#* '* "#"= (0.97)(7.6 x 10 BA
- i

= (0.97)(7.6 x 10-5) + (0.03)[(2.9 x 10-2) + (2.0 x 10-2)(0.01)]
|

j - 7.4 x 10' + (0.03) (2.9 x 10- )
i

= 9.4 x 10"
|
'

P(T R OpBA B A

:
!

= (3 x 10-2)(9.4 x 10-4)'

|

= 2.8 x 10- per reactor year.

4.2.2 Loss of Offsite Power with RCIC and DHR Failure (TpQRgRA)

i -

This sequence is essentially identical to sequence TpR RB A except'

j that the RCIC system fails but the HPCI system operates to maintain reactor
' water level. Subsequently, the torus cooling and shutdown cooling modes of

,

RHR fail to remove decay heat. Sustained failure of these two modes will
result in torus water heating to the point that the HPCI system can no

j longer pump water to the core. A core melt would then occur. This sequence
is highlighted on the systematic event tree Figure C-16. Its initial value
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!

,

! is 6.2 x 10-5, based on a 3 x 10-2 per year probability for the LOSP
initiator and 2.1 x 10-3 for the unavailability of Q O Rg A R *A

| Figure C-17 is a sequence evaluation diagram showing the dominant
] contributors to the unavailability of QO RB AR-A
T

The dominant contributors to torus cooling and shutdown cooling failure

for this sequence are the same as for sequence TpR R . Therefore, *

BA
|

the recovery factors for these two systems are the same. RCIC is essenti-
ally unaffected by the LOSP. Its dominant contributors are rupture disk
and control circuit faults, which are not recoverable under the guidelines.4 -

.

Therefore, no credit is taken for recovery of the RCIC system. The
I unavailability of the mitigating systems becomes 3.9 x 10-5 The final

sequence value then is 1.2 x 10-6, as shown below.
,

R considering recovery)Q(QR "

BA BA
1

= Q(Q) Q(R R from sequence T R R
3 p3A

,B 3.2 x 10- 6A

O
-

I .

3.2 x 10 - 6 o .

fndependent Common
failures failures

[

None
significant

t

7 6 x 10 - 5 4 2 x 10 - 2

OR nRAB
fails fails.

/\ /\
Figure C-19 Appendix B- INEL 21649

Table B-6 ,

Figure C-17. Dominant contributors to the unavailability of RCIC, torus
cooling, and shutdown cooling given LOSP.

.

W
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I

(0.042)(9.4 x 10 )=

= 3.9 x 10

P(T QR ~
p BA BA.

= (3 x 10-2)(3.9 x 10-5)
.

-6
= 1.2 x 10 per reactor year.

Q in parenthesis (Q) represents the RCIC system code.)

4.2.3 Transients Where PCS is Unavailable and DHR Fails (T R R )UBA

For this sequence, the RS, OP, MSI, and RCIC systems succeed and the
long term decay heat removal of torus cooling and shutdown cooling fails.
This sequence is similar to the previously-discussed sequence (TpR R )BA
except that offsite power remains available. The initial screening value
tor the frequency of this sequence is 1.3 x 10-4 per reactor-year, based
on an initiating f requency of 1.70 per reactor year and an unavailability
of 7.6 x 10-5 for the combination of RB and R . The sequence isA
outlined on the systemic event tree, Figure C-18.

.

'In this sequence, the RHR system in shutdown cooling or torus cooling
mode provides the decay heat removal. Both modes must be inoperable to
fail the function. The unavailability for both systems is 7.6 x 10-5,

,

control circuit faults for the suction and discharge motor-operated valves
and the minimum-flow bypass valves dominates this unavailability. It was

assumed during the fault tree analyses of the core spray and RHR systems
that minimum flow bypass valves failing to close could divert sufficient
flow in a given loop to cause failure of that coolant path. Section 6 pro-
vides a sensitivity analysis of this assumption. Figure C-19 is a sequence
evaluation diagram showing the dominant contributors to the unavailability
of Rg n RA*

For these transients, even though the PCS was originally lost due to
MSIV closure, the potential exists to recover the main condenser as a heat
sink. This depends on the cause of the transient. For example, if the
transient were initiated by a fault in the feed pumps that was not immedi-
ately repairable, then the PCS could not be used. If the transient was due
to faulty automatic level control, the operator could manually control level
with the feed pumps after reopening the MSIVs. However, there is inade-
quate data available on which to base a probability of PCS recovery.

'
Recovery of the RHR system due to the dominant faults (control circuit

faults) would involve either manual operation of the affected valves or
hypass/ repair of the faulted control circuit. In either case, the control

room operator would have to recognize the cause of the valve's failure to
*

operate and dispatch personnel to operate / repair the valve. Given that the
RCIC system has been successful, the operator would have at least 6 to

C-57

_._ __



5
5
7
1

A 2
U L

A B E
R R X NA g D D s I .

A R R G G A
e o A R B B B B Cr

A R B R F F F Oct
na
en R B R W W W WV L
ug g R D D D D D D
q i R O O O O O O O N K J Bs .e e U y U U U U U U g y U U
S D T T T T T T T T T T T T

.

A e
' R c

R R n
H H i' i' i' i' i' e

uD R 'g q
g e

R s

AII II I1 |I II

RS BC
B R*
S U

T
I

C e
P D h
L G t
1

g
n

PI B i
oL o F w
L o

h
s

D
N eWO .e

I C r
W t

V
P t
E V n
D e .

v
e

I

C c
P D i

Pl
H m

e
H t

C s
C O yI

SR

I V
_

m
.

8S I

NS 1M M -
C

i a
C m e
Vt K m r

u uR n gP P
iO O

i

M
F

O
I JV
R t

nn e
w i

ogs

3C
dn nS S h aB
tuc rR R

Th o +

SC=d
s n ==s .e nT T n U

A A ra
g DgaT e I i r

T L SCT

.

nEcc

!



s

R ORAB
7.6 x 10- 5fall

.

- %

.

6.2 x 10 - 5 1.4 x 10- 5

Independent Common
failures failures

-%

3.1 x 10- 3 2.0 x 10 - 2 1.3 x 10- 5 1 x 10-6

"' '
DB RA Valve

Cfails fails faults

.

Appendix B, Appendix B, ' '

Table B-21 Tables B-19*

and B-20

INEL 21761

Figure C-19. Dominant contributors to the unavailability of RHR systems
following'a transient which disables the PCS (normal power

available).

8 hours to accomplish this recovery as discussed previously in Sec-
tion 4.2.2. The recovery guidelines provide for a probability of non-

I recovery for these faults of 0.01. The unavailability of RB and R due
; to both independent and common control circuit faults is 1.9 x 10 . The
j remainitig unavailability not subject to recovery is 5.7 x 10-S. The

j final sequence value is 9.7 x 10-5, as shown below.

Q(R R ) = (0.00 (recoveraMe faults) + (nonrecoveraMe f aults)gA

(0.01)(1.9 x 10-5) + 5.7 x 10-5
=

,

5.72 x 10~) =
,

P(T ** *

UbA U B A

! -5
| 9.7 x 10 per reactor-year.=

'
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!

;

I 4.2.4 Transients Where PCS is Unavailable and RCIC and DHR Fail (T QR R )U BA
i

2

This sequence is essentially identical to sequence TgR RB A except
that the RCIC system fails but the HPCI system operates to maintain reactor ;-

! level. Subsequent failure of torus cooling and shutdown cooling will event-
unlly lead to a core melt. This sequence is shown on the systemic event ;

*

tree Figure C-20. Its initiator f requency is 1.7 per reactor-year and,

5.5 x 10-6 per reactor-year is the screening sequence value. Figure C-21
is a sequence evaluation diagram showing the dominant contributors to the+

initial value of 3.2 x 10-6 for the unavailability of Q(1 RB(1 R * '

A

The dominant contributors for torus cooling and shutdown cooling fail-
.

ure are the same for this sequence as for sequence T R R . TheUBA,

recovery factors are also the same. The RCIC system dominant faults involvei

rupture disks and control circuits and are independent of the torus cooling
, and shutdown cooling faults. These faults are not recoverable under the'

| guidelines, so no credit is taken for RCIC system recovery. Therefore, the
unnvailability of the miti ating systems considering recovery is 2.4 x 10-6,)

F
as shown below.;

4

I Q(QR "00 0 B A * "" # "E ### "*#YBA
I t
i

| = Q(Q) Q(R **9"*""*BA UBA

= (0.042)(5.7 x 10~ ) . .

-6
= 2.4 x 10

.

P(T 0 O0"

U BA U BA

i

i = (1.7)(2.4 x 10~ )

-6 f

= 4.1 x 10 per reactor year.

4.2.5 LOSP-Induced Stuck Open Relief Valve (SORV) with DHR Failure (TpKR R )BA
|

i

j In this sequence, the LOSP ccuses a turbine trip without bypass, a
reactor scram, main steam isolation, and opening of the relief valves.'

Ilowe ve r , one or more of the relief valves fail to reclose after pressure
j has fallen below the relief valve setpoint. This is equivalent to an inter-
! mediate steam break with one exception. The steam from the relief valves
i doos not go into the drywell. Rather, it goes to the torus water directly.

Af ter the llPCI system has succeeded in restoring reactor vessel level to'

normal, the torus cooling and shutdown cooling systems fail. The initial a
i <

value for this sequence is 8.3 x 10-5, based on an initiating frequency
of 1.7 x 10-3 per year and 4.9 x 10-2 for the unavailability of RB il RA-,

The marked systemic event tree is Figure C-22. .

l

..
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OnR ARA 2.1 x 10-3B
i fail

*
' - %

i

1
*

,

2.1 x 10- 3 0

Independent Common
failures failures

[D

None
significant l

4.9 x 10 - 2 (2 x 10- 2

0 R nRA O
B

| tail fails
.

.

I
Figure C 15 Appendix B, INEL 21763

Table B4, . <

Figure C-21. Dominant contributors to the unavailability of the RCIC
and RHR systems following a transient which disables the

! PCS (normal power available).

The RHR system in shutdown cooling or torus cooling mode provides the
long term cooling. As was the case in the sequence T B A of Section 4.2.1,
the unavailability of the DHR function is 4.9 x 10-2.pR RThe dominant con-
t ributor sequence evaluation diagram for that sequence applies to this
sequence as well.

;

Preliminary phenomenological calculations being performed at INEL on; 0
! BF1 as part of the Severe Accident Sequence Analysis (SASA) program indi- i

cate that core temperatures will start to rise rapidly in as little as'

30 min if the HPCI system does not function to replenish lost coolant inven-
j tory. Even with successful HPCI, torus water temperature will rise and

eventually reach a temperature where the HPCI system will no longer have
sufficient net positive suction head to maintain reactor level. The time ~

i available to recover is approximately the same as the LOSP with RB and
! R failure. For this sequence, since HPCI is successful, it was assumed

that at least 6 to 8 hours are available to restore offsite power. Using *

the WASll-1400 restoration figure and recovery f actors based on 6 to 8 hours,
A failure is the same as for sequence

the probability for R10-4). B and Rfinal sequence value is then 1.6 x 10-6,The1pR RB A (9.4 x
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P(T KR *
p BA P BA

= (1.7 x 10~ ) (9.4 x 10 )

P(T KRB A) = 1.6 x 10 per reactor year.p ,

4.2.6 Transient-Induced SORV with DHR Failure (TKR R )BA
.

For this sequence, a transient causes a reactor scram and a number
(depending on the initiator) of relief valves open. When pressure falls
below the relief valve setpoint, one or more relief valves fail to close,
and the reactor continues to blow down to the torus. When low water level
is reached, the MSIVs shut and the HPCI system initiates. Following suc-
cessful ECI by the HPCI system, the torus cooling and shutdown cooling

The initial value for this se is 1.2 x 10-5systems fail. per
fromafrequencyof1.63x10-guenceper year for the initiatorreactor-year,

and an unavailability of 7.6 x 10-5 for the combination of RA OR*B
The sequence is shown on the systemic event tree, Figure C-23.

This sequence is similar to the LOSP-induced SORV sequence of
Section 4.2.5 except that the unavailability for the RB and RA combina-
tion is much lower because offsite power is available. However, the initi-
ator f requency is approximately two orders of magnitude higher than for the
LOSP-induced SORV sequences. The RHR system provides the long-term decay ,

heat removal function in either the shutdown cooling or torus cooling mode.
The unavailability for both modes is 7.6 x 10-5 The major contributors
to this unavailability are control circuit faults of the minimum-flow bypass

~valves and the suction and discharge path MOVs. The dominant contributor
sequence evaluation diagram of Section 4.2.3 applies for this sequence also.

As with the sequencc T R RU E A of Section 4.2.3, recoverability of
the torus cooling and shutdown cooling systems is either by manual
operation / repair of f aulted RHR valve control circuits or by recovery of
the PCS as a heat sink if possible. However, recovery of PCS is not easily
quantifiable. Therefore, the final sequence probability for this sequence
does not include a probability of recovery of PCS. The recoverability of

Rg and RA has been previously accounted for (5.7 x 10-5). Therefore,

the final sequence value is 9.3 x 10-6, as shown below.

P(TKR R ) = F(TK) Q(R3g B A

= (0.163)(5.7 x.10-5)

-6
9.3 x 10 per reactor year.r

,

(T QDV)4.2.7 Transients without PCS with VWI Failure U

A transient occurs that causes the reactor to scram and the MSIVs to
close. After the relief valves open to relieve the increase in reactor
pressure, all the valves reclose. This action repeats as reactor decay heat

C-64
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causes pressure to rise due to the lack of a heat sink. When low reactor

level is reached, the HPCI and RCIC systems (D and Q, respectively) fail to
operate to restore water level. As the water level continues to drop due
to relief valve action, the operator fails to manually depressurize the
reactor. If this condition persists, core melt occurs. The initial proba-
bility for this sequence is 2.8 x 10-5 per reactor year, based on an

.

initiating event f requency of 1.70 per year and 5.4 x 10-6 for the
unavailability of Q n D G V. The systemic event tree showing this sequence
is Figure C-24.

.

The unavailability of HPCI and RCIC combined is 1.8 x 10-3 and is
dominated by rupture disk f aults and control circuit faults of the MOVs in
each systen. The probability of failure to manually depressurize is
dominated by f ailure of the operator to initiate depressurization, since
only 4 of 13 valves are required to open for successful depressurization.
Figure C-25 is a sequence evaluation diagram of the dominant contributors
for this sequence. During the injection phase, there is little time avail-
able (30 to 40 min) for the operator to dispatch personnel to correct faults
involving the llPCI and RCIC MOVs. If the operator fails to depressurize,
then water level continues to decrease and the low pressure systems such as
core spray, LPCI, and the condensate system cannot provide water to the
reactor because reactor pressure is too high.

takentobe3x10-goftheoperatorfailingtodepressurizewasoriginallyThe probabilit
based on the human error modeling guide of,

NUREG/CR-1278. This model, shown in Section 4.2 of Appendix B, does not .

include recovery because it was developed for initial screening purposes.
However, recovery from an initial operator error in failing to depressurize
is likely because of the heavy emphasis on depressurization given to opera-

,

tors during their training and the ease with which this action can be
carried out. Since this recovery relates to operator error rather than

, actions directly mitigating the effect of hardware faults, the nonrecovery
factors of Table C-6 are not applicable. Therefore, a more detailed opera-
tor action model was developed, considering not only the time frame for
operator action but also the effect of additional operators in the control

The new model, presented in Section 4.3 of Appendix B, shows that aroom.
consideration of recovery reduces the human error probability of failure to
depressurize by a factor of 0.06. The final sequence frequency is then
5.5 x 10-7 per reactor-year, as shown below.

Q(QDV) = (0.06) Q(Q n D n V)

(0.06)(5.4 x 10-6)=

= 3.2 x 10~

P(T "

U U

(1.7)(3.2 x 10- )
'

=

5.5 x 10 per reactor year.=
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- %

.

F 4

5.4 x 10 - 6 0 ,

independent Common
failures failures

O

None
I significant !

| 3 x 10-3 | 1.8 x 10 - 3

V OnD
fails fail

'SOperator ,

j fails to |

depressurize
,

t

1.8 x 10 - 3 0

Independent Common
failures failures

b)

I p;ne
4 4 x 10 - 2 4.2 x 10 - 2 significant

HPCI RCIC
fails fails

*Appendix B, Appendix B, INEL 21650
Table B-32 Table B-6

F igure C-25. Dominant contributors to the unavailability of RCIC, HPCI,
and manual depressurization following a transient which
disables the PCS (normal power avai.lable).
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4.2.8 Loss of Of fsite Power with VWI Failure (TpQDFgG X)9
p.

Af ter a LOSP, a turbine trip without bypass and a reactor scram occur.
The relief vsives open to relieve the pressure increase caused by the loss
of the heat sink and reclose when pressure falls below the relief valve

,

setpoint. This cycle continues until a low reactor water level is
reached. At this point, the HPCI and RCIC systems (D and Q) fail to operate
to maintain reactor water level. As the water level continues to drop due

|' to relief valve action, the operator successfully depressurizes the reactor,
but the core spray, LPCI, and SBCS systems (F , Go, and X, respectively)B

f ail to restore water level and core melt occurs. The initial value for
this sequence is 1.2 x 10-6 per reactor year based on 1.70 per reactor-
year for the f requency of LOSP and 4 x 10-5 ,or the unavailability off

: DflFB (1 GD(1 X. This sequence is highlighted on Figure C-26, the
systemic event tree for the LOSP transient.

,

Theunavailabilityoftheinjectionsystems{orthissequence, i.e.,

and is essentiallythe unavailability of HPCI and RCIC, is 1.3 x 10-
unaffected by the loss of offsite power. The unavailability of core spray,
LPCI, and SBCS is affected by the LOSP and is 1.5 x 10-3 This number is
primarily due to diesel generator faults. Additionally, failure of the EECW
system to provide its required cooling will cause the loss of all diesels
and, thus, AC power for the RHR and core spray pumps. The EECW unavaila-
bility is 2.0 x 10-2 The EECW value is dominated by combinations of
failure of two diesels to start. These are not necessarily the same diesels

.

that cause core spray and LPC1 f ailure. Figure C-27 is a sequence evalua-
tion diagram showing the dominant contributors to the mitigating systems

| unavailability.
,

Should this sequence occur, with the injection systems failed there
are approximately 30 to 40 min before boilof f reduces reactor coolant
inventory to a point where core temperature begins to rapidly rise. There
are several viable recovery considerations available to the operators during
this time period. One is a restoration of offsite power. From WASH-1400
(Figure 111 6-4), approximately 70% of all offsite power outages can be

,
repaired in 30 to 40 min. If LOSP is restored, this sequence is essentially

i the same as the transients without PCS with VWI failure, sequence T QDWF C X.U BD
1

Similarly, as with the LOSP with DHR failure sequence Tp B A OfRR
Section 4.2.1, the EECW success criteria require three of four pumps to,

operate. If only two of four pumps operate, up to 91% of rated flow is
available. Two additional RHRSW pumps are available for EECW service by
opening (from the control room) one MOV for each pump.

Consideringgecovery,theunavailabilityoftheinjectionsystems
becomes 1.2 x 10. The final sequence frequency is then 3.6 x 10-8,

* as shown below.

Q(QDF X) = (0.70)(injection systems failure with LOSP recovered)
.

BD

+ (0.30)(injection systems failure without LOSP recovered)

= (0.70)(unavailability of sequence T 9
U BD

\
2 C-69
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OnDnF OO nX 4.0 x 10 - 5B D
fail

(h
.

v
4.0 x 10- 5 | |o

*
Independent Common

failures failures

(D
None

sigrif6 cant

1.8 x 10 " 3 2 2 x 10-2,

OnD F nG nXB D
fall fall

Figure Cr25 - %

15 x 10-3 | 2.0 x 10 - 2

Non-EECW EECW
failures falls

*

; Appendix B,
1.5 x 10 - 3 , , 2.1 x 10 - 8 Table B-83

- Common independent
failures failures

[D

9 6 x 10 - d 2 2 x 10 - 5Diesel
faults

Core spray Gonx
fails fail

Appenden B.
Table B-48 , ,

12 x 10 - 5 9 7 x 10 - 6independent Common
failures failures

2 7 x 10 - 4 4 6 x 10 - 2 Valve
i a faults

LPCI SBCS
. faits fails

/\
* Appendix B, Apr+ndia B, INEL 21651

Table B 22 Tab'e B 55

Figure C-27. Dominant Contributors to the unavailability of RCIC, HPCI,
LPCI, Core spray, and SBCS given LOSP.
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+ (0.30)(failure of HPCI and RCIC)

[(f ailure of LPCI, core spray, and SBCS) + (failure of EECW)'

* (operator nonrecovery)]

~

(0.70)(1.7 x 10~ )=

(0.30) (1.8 x 10' )[1.5 x 10- (2.0 x 10-2)(0.03)]+ + .

1.2 x 10 + 1.2 x 10=

= 1.2 x 10~

P(T QDF G X) = F(T ) Q(QDFp D p BBD

(3 x 10 )(1.2 x 10' )=

3.6 x 10 per reactor year.=

4.2.9 LOPS-Induced SORV with ECI Failure (TpKDF G )B9

A LOSP causes a reactor scram and turbine trip without bypass. After .

the relief valves open to relieve the pressure increase caused by the loss
of the heat sink, one or more of the relief valves fail to reseat when
pressure drops below the relief valve setpoint. When water level drops to

,

the low level point, the MSIVs shut but the HPCI system does not operate to
refill the reactor. Subsequently, as level and pressure drop, neither the
core spray nor LPCI systems operate to fill the reactor and a core melt
occurs. The initial value for this sequence is 2.5 x 10-6 per reactor-

-3year based on an initiating frequency of 1.7 x 10 per reactor year and
an unavailability of 1.5 x 10-3 for the combination of D, F , and GD*B
The sequence is shown on the systemic event tree, Figure C-28.

the unavailability for the injection systems for this sequence is based
on tailure at the HPCI, core spray, and LPCI systems to operate. The HPCI
unavailability is essentially not affected by the LOSP. The unavailability
of core spray and LPCI, however, is dominated by combinations of diesel
generator faults. Furthermore, the EECW unavailability (2.0 x 10-2) also
contributes to the probability of core spray and LPCI failure. Figure C-29
is a sequence evaluation diagram showing the dominant contributors to the
mitigating systems unavailability.

As mentioned bef ore in other LOSP sequences, the EECW success criteria
*

was three of fcur pumps operating. Since two of four pumps can provide at
least 91% or rated flow and since two other RHRSW pumps are readily avail-
able to provice 11ew to the EECW header, EECW is subject to recovery

*

considerations.

Approximately 30 min is available for recovery while the relief valve
remains stuck open. As discussed in previous sequence descriptions,
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Figure C-28. Systemic event tree showing the TpKDF CB D sequence.
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DnF OGD 1.5 x 10 - 3B
fail

.

--

| 1.5 x 10 - 3 |0
*

Independent Common
failures failures

[

None
{ significant

2.2 x 10- 2 |0.065

F nGD HPCIB
fall fails

.

Appendix B.
f

Table B-33

1.5 x 10- 3 | 2.0 x 10 -2 _

Non-EECW EECW
failures fails

Appendix B,
,

Table B-83

2.6 x 10 - 8 | 1.5 x 10- 3

Independent Common
failures failures

| Combination

J of three
9 6 x 10 - 4 2.7 x 10 - d diesels

F-
Core spray LPCI ,

fails fails

.

Appenden S, Appendix B.
Table B 48 Table B 22 INEL 21652

Figure L-29. Dorninant contributors to the unavailability of HPCI, LFCI,

and core spray, given IOSP ard SGRV.
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approximately 70% of the of fsite power outages can be repaired during this
time. If offsite power is restored, this sequence becomes very similar to
the transient-induced SORV sequence, TKDF C *BD

Considering the potential recovery of offsite power and the EECW sys-4

sequence frequency is then 8.7 x 10-8, y becomes 5.1 x 10-5
tem, the injection system unavailabilit The final.

as shown below.

Q(F C ) (0.70) (unavailability with LOSP recovered). BD

(0.30) (unavailability with LOSP not recovered)+

= (0.70) (injection systems for sequence TKDF G
BD

i

(0.30)(failure of HPCI)[(failure of core spray and LPCI to+

operate) + (f ailure of EECW) (operator nonrecovery)]

= (0.70)(2.4 x 10~ ) + (0.30)(6.5 x 10~ )

[(1.5 x 10-3) + (2.0 x 10 ')(0.05)]
a

i
*

i ~6 -5
i Q(DF G ) = 1.7 x 10 + 4.9 x 103D,

J

| -5
j , 5.1 x 10=

P(T KDF G ) = F(T K) Q(DF G )i

P BD P BD

+ = (1.7 x 10~ )(5.1 x 10-5)

= 8.7 x 10~ per reactor year.

I 4.2.10 Transients Without PCS with Failure to Scram (T B)U

In this sequence, a transient occurs that makes the main condenser
unavailable as a heat sink. Failure of the reactor to scram allows reactor

i power to remain high. As a result, the pressure increases until the relief
valves open. The HPCI and RCIC systems are not capable of providing makeup
to the reactor as fast as steam is being lost to the torus via the relief

'
valves. Therefore, the core uncovers and melts. The initial value for

j this sequence is 5.1 x 10-5, based on an initiating frequency of 1.70 per
: reactor year and an unavailability of 3 x 10-5 for f ailure to scram. The
| sequence is shown on the systemic event tree, Figure C-30.
i

Since core uncovery in this scenario will occur within the first 10 min
(depending on power level), the recovery guidelines do not allow for con-

j sidering operator action to correct the condition. Therefore, the final
i sequence value is the same as the initial value of 5.1 x 10-5,
i
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The unavailability for the reactor scram function is 3.0 x 10-5,
This number was taken from the ATWS document NUREG-0460. This analysis did
not evaluate the probability of failure to scram using the fault tree
methodology. As noted in WASH-1400 and NUREG-0460, the exact number of rods
that must fail to insert and the relative position of those rods is not
easily calculated and was considered beyond the scope of this analysis..

Thus, the NUREG-0460 probaLility value for failure to reach suberiticality
was used in lieu of a specitic evaluation of the reactor suberiticality
function..

4.2.11 Transients with PCS with Failure to Scram and Recirculation Pump
Trip Failure (T BM)A

In this sequence, a transient occurs that does not cause the MSIVs to
close. The PCS is available both as a heat sink and a source of makeup
water to the reactor. If the RPT is successful, the resulting reactor power
level is within the capacity of the bypass valves to remove heat from the
reactor. Failure of the RPT allows reactor power level to remain above the
capacity of the bypass valves. Therefore, reactor pressure increases until
the relief valves open. The feed pumps are able to maintain level but the
steam going through the relief valves to the torus does not return to the
condenser to be reinjected to the core. Thus, condensate storage tank level
decreases until the condensate and feed systems trip. At this point, reac-
tor water level decreases until the MSIVs close making the PCS unavailable.
Level continues to drop until core uncovery occurs and a core melt ensues.

,

The initial value for this sequence is 3.7 x 10-6 based on an initiating
frequency of 1.68 per reactor year and 2.2 x 10-6,for the unavailability
of the combination of B and M. The sequence is shown on the systemic event

'

tree, Figure C-31. Figure C-32 is a sequence evaluation diagram showing
the dominant contributors to the mitigating systems unavailability.

The dominant contributor to failure of both the reactor scram system
and the RPT is failure of the reactor protection system to initiate either

This value was taken to be 1.9 x 10-6 from the WASH-1400 report,one.

since no analysis of the reactor protection system was done for the present
report.

The potential recovery actions f or this sequence involve manually
scramming the reactor or operator trip of the recirculation pumps. The time
available to do eithe of these is a function of the reactor power level.
Since the reactor power / bypass valve mismatch could be as high a 70% of full
power, the time available for operator action would be minimal. Therefore,
no credit is taken for operator action to prevent a core melt for this
sequence. The final sequence value is then 3.7 x 10-6,

4.3 Dominant Sequences

Those sequences from Table C-9 that have final sequence frequencies
greater than 1.0 x 10-6 per reactor year are the dominant sequences.
There are eight dominant accident sequences. Six of these are transient
sequences, while the other two are transient-induced LOCAs. Table C-14
lists these sequences in decreasing order of frequency.
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1

2.2 x 10- 6i

BOM
fail

.

.

T
i | 2.6 x 10- 7 | 1.9 x 10- 6

*

Independent Common
failures failures

CD

RPS
common

I mode I

failure

f

,' | 3 x 10- 5 | 8.7 x 10 - 3

Reactor Recirculation
subcriticality pump trip

fails fails

*
Appendix B, Appendix B,
Section 2.9 Table B-57 INEL 21653

- Figure C-32. Dominant contributors to the unavailability of the CRD and
RPT systems following a transient where the PCS is
available.

TABLE C-14. DOMINANT SEQUENCES

Sequence
,

Sequence Initiator Designator Frequency

9.7 x 10-5| Transient without PCS TRRUBA
1

TB 5.1 x 10-5Transient with PCS U

2.8 x 10-5I Loss of offsite power TpR RBA

i 9.3 x 10-6'

Transient-induced LOCAs TKR RBA

4.1 x 10-6T QR RBATransient without PCS U.

T BM 3.7 x 10-6Transient with PCS A

1.6 x 10-6LOSP-induced LOCAs TpKR RBA

1.2 x 10-6$ Loss of offsite power TpQR RBA

.

I
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5. UNCERTAINTY ANALYSIS

5.1 Introduction

The point estimate of the frequency of each dominant sequence appears4

in Table C-14. In addition to knowing the point estimate of the frequency ,

for these sequences, it is also useful to understand the uncertainty
associated with each point estimate. The uncertainty analysis of this
report only propagates errors associated with the given basic event failure

''rates and initiating event frequencies. Other uncertainties associated with;
'

quality assurance, success criteria, etc., are not included. The results
of this analysis, therefore, only evaluate the uncertainty associated with
the failure rate data base. The main purpose of the uncertainty analysis
is to provide those using this report with additional perspective on the
results. When evaluating potential design or operational changes, it may
well be useful to examine changes to the uncertainty bounds as well as to

q

j the point-value estimates.
i

! 5.2 Methodology

! The uncertainty bounds for each sequence were determined by assigning
an uncertainty bound and a distribution to each basic event and sequence

9initiator. The MOCARS computer code uses this information along with the
cut sets for the systems to perform a Monte Carlo simulation that describes
the resulting distribution for the systems. In much the same way as point
estimates were obtained, the COMCAN code was used to identify cut sets com-

,

mon to two or more systems. These cut sets were also evaluated using the
MOCARS code and appropriately combined to generate the distribution for the
sequence.

.

The upper bound value was chosen to be the value of the sequence dis-
tribution at the 95% quantile. In other words, 95% of the distribution

values generated by MOCARS were less than or equal to the upper bound value.
;' Rather than expressing this upper bound as a fixed value, it is associated

with the point estimate by an error factor that equals the upper bound
divided by the point estimate.

5.3 Data Base
|

Table C-4 gives the error f actors used for the basic event point esti-
mates f or most of the basic events. For human error probabilities and the

I generic control circuit models, an error f actor of 10 was used. Most hard-
ware f ailure data had error f actors of three. Using an error factor of 10
for these two cases is, therefore, more conservative and puts the uncer-

tainty for these events on the same level as short circuits, valve ruptures,
and similar passive failures where the data base is sparse.i

1

i

The lognormal distribution was chosen as the distribution for each ''

basic event and for the initiating events. The lognormal distribution is
,

commonly used in analyses where the uncertainty associated with the data is
i expressed in orders of magnitude differences from the point estimate. -

The dominant sequence initiators are all transients or transient-
) induced LOCAs. The point estimates for these initiators came from EPRI

C-80
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NP-801 as noted in Appendix A, Section 2.2. While EPRI NP-801 did assign
95% upper bound values on transient initiator frequencies, these bounds were
assigned on a generic basis (i.e., BWRs, PWRs). Since the point estimates
used for sequence frequency calculations were Browns Ferry-specific and EPRI
NP-801 did not assign uncertainty bounds on a plant-specific basis, an error
factor of three with a lognormal distribution was assigned for each initia-.

tor. Compared with the EPRI NP-801 generic data, an error factor of three
is more conservative as is the assumption of a lognormal distribution.

.

5.4 Results

Table C-15 summarizes the results of the uncertainty analysis. Each
dominant sequence is listed in descending order of the final frequency.
Both the initial sequence frequency and error factor and the final sequence
f requency (considering recovery) and error factor appear in the table. In
addition, the sum of the dominant sequence frequencies and its associated
error factor is shown. The error factor for the sum represents the result
of a MOCARS evaluation of the sum of the dominant sequence distributions.

5.5 Insights on Uncertainty Analysis

In Section 4, the ef fect of control circuit faults on sequence fre-
quencies involving failure of torus cooling and shutdown cooling is dis-i

cussed. Table C-15 shows another aspect of the control circuit fault
contribution. This contribution is to the uncertainty. Because of the
assumption of an error f actor of 10 for control circuit faults and their*

dominance in the point estimate of some sequences, control circuit faults

.

TABLE C-15. DOMINANT SEQUENCE UNCERTAINTIES

Sequence Initial Error Final Error

Designator Frequency Factor Frequency Factor

1.3 x 10-4 20.5 9.7 x 10-5 8.7
TRRUBA

TB 5.1 x 10-5 5.0 5.1 x 10-5 5.0
U

1.5 x 10-3 5.6 2.8 x 10-5 2.8TpR RBA

1.2 x 10-5 21.5 9.3 x 10-6 9.0'

1KR R3A

T QRgRA 5.5 x 10-6 36.3 4.1 x 10-6 15.3'

U

T BM 3.7 x 10-6 4.6 3.7 x 10-6 4.6
A

T pKRgRA 6.3 x 10-5 6.7 1.6 x 10-6 2.8

6.2 x 10-5 10.7 1.2 x 10-6 4.7TpQR RBA

Total 1.9 x 10-3 5.8 2.0 x 10-4 5.6

C-81
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are large contributors to the error factor associated with the initial fre-
quency of these sequences. Af ter adjusting for recovery, but keeping an
error factor of 10, the error factor for the final frequency is reduced
considerably. These control circuit faults were considered to be recover-
able whenever there is enough time (a) to repair or bypass the control cir-

| cuits, (b) to manually operate a valve, or (c) to valve in another pump, as ,

is the case with torus cooling and shutdown cooling (long-term decay heat
| removal). Therefore, their contribution to the final sequence frequency was

less than their contribution to the initial sequence frequency. Similarly, ,

the final frequency error factor is less sensitive to control circuit faults

; than its corresponding initial frequency error factor.

Another example of this particular sensitivity is that the uncertainty
;

for sequence T R RUBA initially is quite a bit higher than for sequence TpR RB A*
the dominant faults were combinationsIn the case of sequence T R RpBA,

of diesel generator faults (error factor of three) instead of control

1 circuit faults (error factor of 10) as in sequence T R R *UBA

Thus, it is apparent that the high error factors in some dominant
sequence initial values are associated with the conservatism in the choice
of the error factor of 10 for control circuit faults. Furthermore, when

recovery is considered, the uncertainty diminishes by approximately a factor
of two even when the conservative error factor of 10 is carried through.

To further demonstrate the conservative nature of the error factor
used for control circuit faults, a MOCARS evaluation of the generic model .

using the data of Table C-4 was performed. This analysis provided an errorI

factor of 2.1, which is considerably less than the assumed value of 10.

.

Another interesting insight comes f rom the sequence totals before and
af ter recovery is considered. Even when control circuits are considered in
their conservative case, the total core melt frequency error factor is only

S.8. Af ter considering recovery, the error factor drops to 5.6. Thus,

despite the fact that some sequences have relatively high error factors,
their effect on the cumulative core melt frequency error factor is rela-

tively moaest. Furthermore, consideration of recovery actions reduces the
cumulative frequency by approximately one order of magnitude while maintain-
ing approximately the same error factor. This tends to indicate that the
error factor for the cumulative core melt frequency is not significantly

' a f fected by recovery f actors or by the wide error spread of a few sequences.

!
a
#

'
s r

1

i

!

I

i

|

!
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6. SENSITIVITY ANALYSIS

6.1 Introduction
~

Af ter selection of the dominant sequences and evaluation of the uncer-
tainties associated with each, it is important to examine the assumptions,

and uncertainties that went into the original values. A sensitivity
analysis can aid in understanding the contributors to dominant sequence
frequencies. The method of performing such an analysis is to identify,

potential uncertainties and recalculate the sequence frequencies to show
how much variations in selected input parameters change the final value.

6.2 Scope of Analysis

Review of the dominant sequences revealed several areas where a sen-
sitivity analysis would be desirable. These areas are summarized below.

1. The RHR trees assumed that failure of the minimum-flow bypass
valves to close would disable the RHR loops. Since about 90% of
the flow per loop would not be diverted by such a failure, what
would be the effect on sequence frequency if such failures did
not disable the RHR loops?

2. For the LOSP initiated sequences, failure of EECW was an important
contributor to the sequence frequencies. The analysis assumed
that three of four pumps were needed to supply adequate cooling.<

Since two of four pumps provides up to 91% of the necessary cool-
ing, what change to the sequence frequency would occur if the
EECW model were changed to require only two of four pumps for-

successful cooling?

3. The transient-induced LOCA initiator frequencies were derived
from the transient systemic event trees using the WASH-1400 fail-
ure data for relief valves. What would be the change in these
sequences if the generic stuck open relief valve frequency from
EPRI NP-801 was used instead?

4. Unavailabilities for valve and pump control circuits were based
on analysis of typical systems. A more detailed analysis of the
corresponding systems would be possible. In particular, what
would be the effect of modeling differences between AC- and
DC powered valve control circuite, and of modeling the effect of
4160 V rather than 480 V AC motor control circuits?

Other areas considered for sensitivity analysis include the usage of
c ross-connec ts between the three units at Browns Ferry in recovery actions

. for the dominant sequences. Cross-connects are described in Appendix B
Section 1.2, but no credit was taken in the analysis for their use. While
they do represent a potential resource for cooling the core, their compon-

,
ents are tested less frequently than ECCS and operators must follow com-
plicated, seldom-used procedures to bring them online. Their impact on
recovery possibilities is thus judged to be minimal, and sensitivity studies
to consider their effect were not performed.

C-83
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The remaining sections describe the sensitivity analysis results for
the four topics listed above.

6.3 Evaluation

In order to answer the questions previously noted, the fault trees or
,

the initiator values were changed. The resulting sequence frequencies are
presented for comparison.

'
6.3.1 Exclusion of Minimum-Flow Bypass Valves

Removal of minimum-flow bypass valve faults from the RHR fault trees
reduces torus cooling unavailability from 3.1 x 10-3 to 1.7 x 10-3,
Shutdown cooling unavailability decreases from 2.0 x 10-2 to 1.0 x 10-2,
The commonalities between torus cooling and shutdown cooling are reduced to
2.4 x 10-6 when the bypass valves are removed, since the original values
contained both support system and minimum-flow bypass valve faults. There-
fore, the unavailability of torus cooling and shutdown cooling becomes
2.0 x 10-5 This value is approximately 3.8 times less than the value
obtained with the minimum-flow bypass valves considered in the RHR model.

Considering potential recovery further reduces the unavailability of
torus cooling and shutdown cooling without the bypass valves. Of the
1.0 x 10-2 unavailability for shutdown cooling, approximately 2.3 x 10-3
represents nonrecoverable faults. The remaining 7.7 x 10-3 is potentially
recoverable. Applying the recovery guidelines discussed previously in Sec- ,

tion 3.3 produces a final unavailability for shutdown cooling of 2.4 x 10-3,
Of the torus cooling unavailability of 1.7 x 10-3, approximately 1.1 x 10-3
is nonrecoverable. The remaining 6.0 x 10-4 is potentially recoverable.
The resulting torus cooling unavailability is then 1.1 x 10-3 The com-

'

monalities of torus cooling and shutdown cooling are also recoverable.
Therefore, the resulting unavailability is 2.6 x 10-6 This value is
approximately 22 times lower than the unavailability after recovery with
the bypass valves included.

Because the minimum-flow bypass valves are common to both the torus
cooling and shutdown cooling fault trees, exclusion of these two valves
reduces the prerecovery unavailability of the systems. Since many of the
minimum-flow bypass valve faults were not recoverable, postrecovery
unavailabilities are not affected as much when the valves remain in the tree
(7.6 x 10-5 to 5.7 x 10-5) as when they are removed (2.0 x 10-5 to

2.6 x 10-6). This indicates that the torus cooling and shutdown cooling
unavailabilities are sensitive to minimum-flow bypass valve faults,
especially when recovery is considered.

Therefore, f or those dominant accident sequences involving transients
other than LOSP where shutdown and torus cooling f ail (R R ), the finalBA

! sequence frequencies would be reduced approximately by a factor of 22 if '

| faults associated with the minimum-flow bypass valves were not considered.

; For LOSP-initiated sequences, failure of R R is dominated by faultsBA
other than those associated with the bypass valves, and no change in *

sequence frequency would be realized.
,

|
!

!
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6.3.2 Modification of EECW Success Criteria i

1

As noted in the discussions of candidate dominant seqbences, for LOSP
,

initiators, the EECW system represents a common mode failure for all the AC
systems. The success criteria for EECW in these sequences was three of four
pumps operating. Since two of four pumps can provide up to 91% of the,

design flow requirements, it would be desirable to understand how those
sequence frequencies would be affected if two of four pueps were sufficient.

.

Evaluation of the EECW system with a success criteria of two of four
pumps under a LOSP condition reduces the unavailability from 2.0 x 10-2
to 2.3 x 10-3 For the three LOSP initiated dominant sequences, this
change would reduce the unavailability of torus cooling and shutdown cooling
from 4.9 x 10-2 to 3.1 x 10-2, thereby reducing the initial sequence
frequency for these sequences by a factor of 1.6. Since the EECW contribu-'

j tion af ter recovery is considered negligible for these sequences (even with
the original 2.0 x 10-2 value for three of four pumps), the final sequence

' frequency for these sequences would not be affected by the change in EECW
success criteria to two of four pumps.

!

6.3.3 Transient-Induced SORV Initiator

i
The frequency of transient-induced stuck open relief valves in this

j analysis is based on the EPRI NP-801 frequencies for transients and the
! failure data for failure of the relief valves to reclose after a demand (see

the treatment of System K in Appendix B, Section 2.6). It is desirable to,

investigate how using the EPRI NP-801 value for SORV frequency would change
these sequence frequencies.

! .

From the EPRI NP-801 data, the frequency of a SORV for BF1 is 0.95 per;

reactor year compared to an average of 0.2 per reactor year for General
! Electric (GE) plants. The transient event tree analysis for BF1 yielded a

frequency of SORV initiators of 0.16 per reactor year. Using the BF1-
;

]
specific number would increase the sequence frequency of transient induced

| SORVs by a factor of 5.9. Using the GE average only increases the frequency

|
of a factor by 1.25.

i
'

This information tends to indicate that the event tree frequency deter-
mination for SORVs matches well with the industry average data but not with
the BF1-specific data. It should be noted that the three-stage relief
valves originally installed at BF1 are being replaced by two-stage versions.
Therefore, the previous plant-specific data for 50RVs may now be unrepre-

. sentative of the current design. Also, the EPRI NP-801 data for BF1 was

! based on the first 37 months of operation. Accounting for subsequent opera-
tion ma change the plant-specific frequency. In fact, EPRI document

0NP-2230 contains updated information and revisions to the original EPRI
I NP-801 data. This document reflects a much larger data base than EPRI

' NP-801, but the GE average value changes only from 0.20 to 0.21. The BF1-
| specific value is reduced to 0.05, and the average of BF-1, -2, and -3 is

| 0.31. In light of the GE average and updated BF1 specific data, the BF1
event t ree determined f requency (0.16) seems to be reasonable.*

.

5

|
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.

I The impact of this frequency on the overall BF1 core melt frequency
'

estimate is insignificant, since SORV-initiated sequences contribute only
j 5% to the dominant sequence total and the final frequency estimate has a
| large error factor.

; 6.3.4 Use of Generic Control Circuit Unavailabilities
,

The generic control circuit analysis for valves in Appendix B,
Section 5, is based on AC power supplies. The resulting unavailability

,

estimates were also used for DC valve control circuits in the PRA. The
effect of this assumption on dominant sequence frequencies was investigated
by identifying the main dif ferences between AC and DC valve control circuits
and computing generic unavailability estimates for DC circuits. The details
of this analysis are reported in Appendix B, Section 5.2. The result is
that DC valve control circuit unavailability is 15% less than the corres-
ponding AC unavailability with monthly testing and 19% less with quarterly
testing.

<

!

Similarly, a generic 4160 V AC motor control circuit was analyzed to '

the difference in unavailability associated with the higher voltageassess

system as opposed to the 480 V AC generic motor control circuit orginally
used for all motor control circuits in the PRA. This analysis, documented

| in Appendix B, Section 5.3, shows no change in unavailability for the cir-
| cuits with monthly testing. The unavailability with quarterly testing was
I 8.4 x 10-3 for the generic motor control circuit originally analyzed and

7.1 x 10-3 for a 4160 V AC circuit, which represents a drop in,
=

unavailability of 15%.

These results show that, for both the generic control circuits ana- .

lyzed, the differences in power assumptions do not have a significant impact
on system unavailabilities.
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