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APPENDICES: SYSTEM DESCRIPTION AND FAULT TREE ANALYSES

INTROCUCTION

This Volume consists of a collection of Appendices of system
descriptions and fault tree analyses, including the unavailability quanti’i-
cations for all systems designed to mitigate accident consequences and the
auxiliary systers which support the "front-line" svstems. The various
systems are individually presented in Appendices A through P, which
immediately fullow the generic descriptive material below.

This introductory material and discussion is provided to assist the reader
in understanding the overall structure of the MR-3 Safety Study and the
organization and forma. of the individual Appendices. It is also intended
to explain what kind of information and results the reader can expect to
find in these Appendices.

The flow chart presented in Figure I1.1 chows the main steps
involved in the risk assessment of CR-3, It also shows the structure of
the fault tree analysis contained in a typical Appendix]. The followina
discussion is a step-by-step account of the quantification process for the
rault tree analysis of each system. The steps are keyed to t' 2 numbers
shown in diamonds in Fiqure II1.1.

STEP <<:>) The starting point was the collection, review and
study of plant information to cain a thorough
understanding of the system designs and capabilities,
and interactions between systems.

]In the following discussion, a typical Appendix is aenerally referred to

as Appendix X.
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STEP<<;\> At this point, all the systems, including the supporting
systems, contributing to the mitigation of an accident
ar 2 shown. Special studies, performed in parallel with
the steps described thus far may allow exclusion of
certzin systems from detailed fault tree anlysis. These

special studies and their conclusions are discussed in
Volume .

. petailed tault trees for all the systems selected in
Step “4 « are constructed. The definition of the top

event for each tree is based on the success requirements
developed in Step (3\ . The detailed faylt trees are
developed for each éfstem to a level of detail sufficient
to identify possible common mode or common cause failures.

STEP« g\\ Simplified fault trees are developed from the detailed
trees of Step \g\'. The basic fault elimination criteria
for the simplification process results in simplified
trees containing only single active and passive faults,
double active faults, test and maintenance outages, and
common mode failures. The simplification process
eliminates other faults, including those whose contri-
butions to the top event is neglibile (on the basis of
of relative probability values) compared to other
contributors. Thus the detailed trees are "pruned"
to simplified tre2s which contain only the dominant
cutsets, i.e.,, failure combinations, leading to the
occurrence of the top event.

The simplified fault trees are presented in Section X.2 of each appendix,
together with the top event definition and any assumptions made for the
development of the detailed trees.

Sections X.1 and ) complete the basic information necessary to
proceed to the fault tree quantification process presented in
Section X.3. The first subsection, X.3.1, discusses the system reliability
characteristics. The results of the system quantification are summarized
by highlighting the dom 1ant contributor to the system's unavailability.
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Rod Drive Control System Schematic Diagram

Fiqure A.2
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Table A.3 Reactor Protection System

TOP EVENT DEFINITION

BOOLEAN
REPRESENTATION TOP_EVENT NOTES
RPs Failure to insert at Tea~: six
contrel rod groups
RP Failure to remove power from
CROM motors
g Faults from test and maintenance |
outages

A=-22
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Table B.2 ESAS Trip Parameters Met and Systems Actuated for Various Sizes of
LOCA Initiating Events

T“"”" | |
| % | :
§ [ TRIP PARAMETERS MET | SYSTEM ACTUATION |
? INITIATING ‘ 500 1500 4PSI  30PSI 1 LPI  HPI  RBIC RBSS |
?I— EVENTS E PSI TRIP  PSI TRIP TRIP TRIP ; :
e % e gl ekt ; e, i)
é i |
{ i ! !
| B, Large LOCA | X X X X | X X X X I
| ; {
| B, Medium LOCA ' X X X x} X X X X |
| I | ‘|
! B, Small LOCA ; X X | X X X X |
| | . .
l ! ; >k ok {
[ B, Small small LOCA | X X X |
] | | l'
I t ! .
: : : |
| , ,
T NS FICE S T

3Based on conservative FSAR caiculations.

*

RBSS spray line injection valves are actuated (opened) by the 4 psi trip signal.
The RBSS pumps do not receive an actuation signal.

*%
LPI pumps start, but the LPI injection valves do not receive an actuation signal.
***A1s0 isolates those RB isolation valves not associated with containment or RCS heat removal.









Typical output relay and

|
\
|
\
Jigna] S 1 --_-\A—-—--—I lr 4

Sensors its contact
\-’\-.../
e e.q., relay R3 |
S“-]_'E_]___. S 2 _,__,\/\.”IL
w

Channel 2

=
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Channel 3

The circuits are shown tripped

NOTE 1 Contacts 1, 2, 3, ...n belong to matrixes of other equ1pme4
NOTE 2 Each relay closes two contacts (one U and one Z)
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Figure B.?2 ESAS-Simplified
' Circuitry
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Figure B.7 (2/2) Simplified Fault Tree - ESAS (Event "IX", X = 10 and
Y'-'»?,X—*—llandY:3,X=12andY=1;84LOCA)
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8.3 SYSTEM QUANTIFICATION

B.3.1 SYSTEM RELIABILITY CHARACTERISTICS

Table &m3 contains the results of the evaluation of the fault

trees for the top e&énts in the ESAS fault trees. The results in most cases

are dominated by failures within the ESAS output matrices which provide
actuation signals to individual pieces of equipment. Two types of ESAS
actuation signal top events shown in the table appear as common mode
faults in the fault trees for the systems receiving the actuation signals.
The first, for the B4 LOCA, is "HPI Actuation Signal Not Available to Any
Equipment” (Event ISB). The second of these faults, for the B], BZ‘ or
83 LOCA is "A11 RBIC, RBSS Systems Do Not Receive Actuation Signal" (Event

ILS). This fault can result from equipment miscalibration due to a
common-mode human error.

The dominant failure mode for ESAS failure to actuate one piece

of HPI equipment, given a 84 LOCA (Event I1SS), is due to combinations of
output relay matrix contact failures and failure to trip of a bistable
in another channel. The dominant failure mode of both HPI actuation

trains, given a B4 LOCA (Event ISB) is a combination of two bistables
failing to trip.

The dominant reason for ESAS failure to actuate LPI, HPI, and
RBIC, given a B]. 82 or B3 LOCA, is combinations of three output relay
contacts failing to close when their associated relays are de-energized.
In addition to the triple contact failure, the time delay HPI actuation
system of 1 relay contact failure and failure of the actuation channel is
found to be a significant contributor. The common mode pressure switch
miscalibration event dominates all failures of the RBIC and RBSS actuation
systems. The most likely failure event for automatic actuation of these
systems is total loss of actuation signals to both systems (Event ILS).
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APPENDIX C DC POWER SYSTEM

c.1 SYSTEM DESCRIPTION AND OPERATION

The DC power system (DCPS), which consists of two isolated
buses, provides a continuous source of 250V and 125V DC power for DC
pump motors, control, and instrumentation.

The 250V supply provides power to the DC pump motors and certain
motor operated valves. The 125V supply provides power for control and
instrumentation functions.

€.1.1 SYSTEM DESCRIPTION

Figure C.1 shows a simplified schematic diagram of the CR-3
DC power system.

The DCPS consists n  two separate and independent 250/125V
OC supplies, each of which includes a battery and associated battery chargers
and DC distribution panels.

Each 2507125V DC supply includes two 125V batteries wired to
produce one 250V source and two 125V sources. A battery charger is pro-
vided for each 125V battery section. A spare charger is also provided as
backup to the primary chargers and its output may be fed to either of the
125V battery sections.

OC power from each 250/125V supply is distributed to the various
user equipment via distribution panels including a main panel and seven
individual panels. The outputs of the batteries and chargers are fed to
the main panel where the DC power is, in turn, fed to the individual panels
for distribution to the user equipments. The vital inverters are fed
directly from the main panel.

Each battery charger is sized to continuously deliver 200 amperes
to its associated battery section at 125VDC. Input power to the chargers
consists of 480VAC, 14 from motor control centers. MCC3A-1 feeds chargers
A, C and E (spare) which serve 250/125VDC supply 3A and MCC3B-2 feeds

c-1
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GENERAL NOTES

(a)

Table C.3 (1/4) Fault Tree Notes

High and Low voltaoce alarm is provided in the control
room for each of the six chargers employed for the two
DC buses.

o Hiah alarm set point
0o Low alarm set point

137VDC
121vDC

W ou

Reactor shall not be made critical unless both 250/125
volt DC supplies (bus 3A and 3B) are enernized.

During power operation one of the two 250/125 volt DC
supplies may not be out of service for more than two
hours.

Chargina current and load on cach of the buses (3A&3B)
are checked each shift,

Battery discharge is monitored each shift bv contact makina ameters
located in each of the main DC panels (DPDP-1A&-18B).

Voltage, specific gravity and electrolyte level of each

battery cell are measured once each quarter. Pilot celis are
checked weekly.

Maintenance is performed on the batteries and chargers
as required to correct for defects.

During refueling each charger is demonstrated to be
operable via an eight hour load test.

Plant batteries are of the lead-calcium type.

c-9



Table C.3 (2/4) Fault Tree Notes

SPECIFIC NOTES

(1) Unless all equipment obtaining DC from a particular
panel were on standby the likelihood is believed low
that the panel input switch would be opened for main-
tenance on associated equipment. Most likely individual
switches in the panel would be used to disable DC to
equipment for maintenance.

(2) Those malfunctions would be immediately detected since
operating systems would be disabled.

- If a1l equipment obtaining PC from the disabled
panel are on standby then malfunction could go
undetected until demand for the eauipment occurred.

- Elapsed time to affect repairs depends on time to
detect cause of DC loss and time to place switch in
proper position.

(3) These malfunctions would have same effect as (2) above.
A longer time would be required to affect repairs since
failed hardware would have to be repaired or replaced.

(4) This malfunction causes loss of all DC from the associated
250/125VDC supply resulting in disabling of all equipment
powered by this supply. Down time for the supply would be
a function of time to detection and repair time.
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Figure C.2 (15/15) Simplified Fault Tree DC Power System,
Event "ETA-5"
















Table C.5 DC Power

TOP EVENT DEFINITIONS

NOTES

DC - buses DPDP-1A and DPDP-1B are the main DC-panels

for the A- and B-trains of DC-power. A1l other buses are
connected to these.

These buses are connected directly to the main DC-power buses.

DPDP-6A and 7A are connected to subpanel DPDP-5A. DPDP-6B and -78B
are connected to subpanel DPDP-5B,

This top event is evaluated for loss of all buses on DC-Train A.
This top event is evaluated for loss of all buses on DC-Train B.

This top event represents 1oss of all Dl-power.
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Insufficient
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88 Pane
DPDP-1A
|
Single
Faults
AN T
Insufficient]
1.3 E-6 Power From
Battery 3A
6.0 E-6

Loss of AC
Panel
MCC 3A-1

5.6 E-5

Figure C.4 Modularized Fault Tree for Event "DPDP-1A" (Non-LOSP)

Insufficient
S

DPDP-1B

1.3 E-6

| 8l
Insufficient] Loss of AC
Power From Panel
Battery 38 MCC 3B-1
3
6.0 E-6 5.6 E-5

Figure C.5 Modularized Fault Tree for Event "DPDP-1B" (Non-LOSP)
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/DPDP1B
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Figure C.8 Modularized Fault Tree for Event "DPDP-XB"
(x = 2,3,4,5,8; Non-LOSP)

Insufficient
Power at
DC Panel

BC-3X

2.6 E-6

L

Singl:» Faults

ZDC:{ES

1.3 E-6

o

Insufficient
Power at Main
B-Train Panel

Figure C.9 Modularized Fault Tree for Event "BC-3X"
(X = B,D,F; Non-LOSP)
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APPENDIX D CLASS I1.E. AC POWER SYSTEM

D.1 SYSTEM DESCRIPTION AND OPERATION

The purpose of the class IE electrical system is to provide
electric power to those systems required to shut down the reactor and
limit the release of radioactive material following a transient or design
basis event. AC power is required to operate valves and provide motive
power for pumps and fans for all safety systems. The turbine-driven pump
in the Emergency Feedwater System is the only safety system pump that does
not require AC power. AC power is required during both the injection and
recirculation phases of accident sequences. AC power is also supplied to
the battery chargers for the 250/125 VDC Battery and Distribution System.

D.1.1 SYSTEM DESCRIPTION

Figure D.1 presents a simplified one 1ine diagram for AC power
distribution (the DC power distribution system is also displayed). The
preferred power supply for the two redundant 4.16kV Engineered Safeguards
(ES) Buses 3A and 3B is the connection to the 230kV substation by means of
the Unit 3 startup transformer. The 230kV substation is connected to the
existing FPC transmission network by five circuits. The 4.16kV ES buses
can also be fed from the Unit 1 and 2 startup transformer provided one of
the two units is operating. Similarly, Unit 3 auxiliary transformer can

also be used as a source provided the Unit 3 turbine generator is in operation.

Upon loss of electric power due to a separation of the
230kV system, shutdown of the nuclear generating unit electric
power will be suppiied from the standby power supply which con-

sists of two independent diesel generators. Each diesel generator feeds one of

the 4.16kV ES buses. Various ES motor loads are connected to the 4.16kV ES
buses by spring breakers. The safequards auxiliary transformer connections
are provided to step-down the 4.16kV for the 480VAC engineered safequards
switchgear centers 3A and 3B. Motor control centers 3A-1, 3A-2, 3A-B, 3B-1
and 3B-2 are provided to feed associated safequards equipment. MCC 3A-B is
switchable between 480V ES Bus 3A or 38. MCC 3A-1 and 3B-2 supply power

to the DC battery chargers as well as power to the inverters in order to
provide four independent 120VAC vital buses.
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0.2 SYSTEM STIMPLIFIED FAULT TREES

Fault Trees were drawn for each of three levels of emergency
power distribution: 4160V, 480V and 120VAC. The simplified fault trees
are shown in Figure D.2. The fault summary is shown in Table D.3.

4160V FAULT TREE

Two fault trees were developed: one for loss of offsite power (LOSP)
as the initiating event, and the other for accident initiators other than LOSP.
The difference being, of course, that in the latter case offsite power must
fail in addition to the diesels. No credible single failures could be
postulated which would fail both DG buses. Dominant cut sets for loss of
both buses involve failure of the diesels to start, or to continue to run.

Some of the faults associated with loss of power on the 4,16kV buses are due
to failures with protective relaying and logic such that automatic starting,
load sequencing and circuit breaker trips are not accomplished. Common mode
events include diesel common mode and hardware double failures such as the
bus tie circuit breakers not opening.

One major assumption for this tree is that turbine trip occurs on
LOSP which leaves only Units 1 and 2 and the DG's available to provide
emergency power. Technical Specifications require as a minimum two 4.16kV buses,
two 480VAC buses (3A&3B), and four 120VAC vital buses available unless the
plant is in cold shutdown or refueling.
430VAC TAULT TREES

Individual simplified trees were constructed for each of the seven
MCC ES 480V buses. In keeping with the simplified tree requirements, general
cable and bus open and short to power or 9round were not considered on the
basis of probability of occurrence. Thus, for the most part, each individual
480V MCC tree is represented by faults associated with its feeder breaker or
loss of power supplied to the bus. Transfers are provided for other ES systems
whose components require power from one or more of these buses. Bus opera-
bility is also discussed in Section D.1.2 of this report.
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Table D.3 (1/4)

AC Power Fault Summary - 4.16kV Buses 3A, 3B

EVENT NAME

e m—————————

KDPOOO1W
KDLOO13R
KDLOO13S
KLCOO13W
KLCOO3AW
KCBOO10P
KLCOO10W
KCBOO11P
KLCOOL1W
KCBOO12N
KCBOO12W
EPPOOGDC]
KDLOOZ 3R
KDL0O023S
KLCOO2 3W
KLCOO3BW
KCBOO24N
KLCOO24W
KCBO025P
KLCOO25W
TPPOESAL
EPPOODC2
KPPOODLW
K House 01
K House 02

EPPOODCW

SIMPLIFIED FAULT TREE - FAULT SUMMARY

EVENT COMPONENT

FAILURE MODE

Loss of Offsite Power

Diesel Generator A

Diesel Generator A

Relay Logic for Automatic Start
Bus 3A Load Shedding Logic
Circuit Breaker 3206

Relay Logic for CB 3206
Circuit Breaker 3205

Relay Logic for CB 3205
Circuit Breaker 3209

Relay Logic for CB 3209

DC Control Power "A"

Diesel Generator B

Diesel Generator B

Relay Logic for Automatic Start
Bus 3B Load Shedding Logic
Circuit Breaker 3210

Relay Logic for CB 3210
Circuit Breaker 3222

Relay Logic for CB 3222
Engineering Safeguards Signal

DC Control Power "B"
Diesel Generators 3A, .8

Electrical Train "B" Qut for Service
Electrical Train "A" Qut for Service

Loss of all DC Power

p-11

Conditional Event

Does Not
Does Not
Fails to
Fails to
Does Not
Fails to
Does Not
Fails to
Does Not
Fails to
DC Power
Does Not
Does Not
Fails to
Fails to
Does Not
Fails to
Does Not
Fails to

Run
Start
Function
Function
Open
Function
Open
Function
Close
Function
Mot Available
Run
Start
Function
Function
Close
Function
Open
Function

No Actuation Signal

DC Power

Not Available

Common Mode
Not a Fault Event
Not a Fault Event

Conditional Event







= TR ——

Table 0.3 (3/4) AC Power Fault Summary - 120VAC Vital Bus 3A and 3C

| KSWOOA2 X

——

EVENT NAME

s e e

KCBOOALX

KFUOOA6B
KSWO0A28

KSWOOAZ
KIVOOASW
KFUDOA7B

KCBOOABX

KLCOGASW
KFUOOA9B
KVRGAIOW
KFUOAl1B
KTROA12D

KCBOOA4 X
KLCOOA4W

KCBOOC1X

KFU00C6B
KSW00C2B

KSWOOC2Z X

KSWOOC2ZN
KIVOOCSW
KFUOOC78

KCBOOC7X

KLCOOCSEW
KFU00C98
KVROC10W
KFUOC11B
KTROC12D

KCBOOC4X
KLCOOCAW

SIMPLIFIED FAULT TREE - FAULT SUMMARY

EVENT COMPONENT

FAILURE MODE

Circuit Breaker 3601

Fuse VBF1
Manual XFR Switch 3A VBXS-1A

Manual XFR Switch 3A VBXS-1A

Manual XFR Switch 3A VBXS-1A
Invertor 3A
Fuse VBF45

Breaker to Inverter 3A

Relay Logic for Inverter 3A (B

Fuse VBF 36

VBTR-3A 15W Power Supply/Regulator 3A
Fuse VBF35

Voltage Transformer VBTR-2A

Circuit Breaker to VBTR-2A
Relay Logic for CB to VBTR-2A

Circuit Breaker 3603

Fuse VBF 2
Manual XFR Switch VBXS-3C

Manual XFR Switch VBXS-3C

Manual XFR Switch YBX3-3C
Inverter 3C
Fuse VBF 49

Breaker to Inverter 3C

Relay Logic for Inverter 3C CB

Fuse VBF 40

VBTR-3C 15W Redundant PS Regulator 3C
Fuse VBF 39

Voltage Transformer VBTR-2C

Circuit Breaker to VBTR-2C

Relay Logic for CB to VBTR-2

Operator Error
(Commission)

Opens
Opens

Operator Error
(Omission)

Does Not Close
Fails to Function
Opens

Operator Error
(Commission)

Fails to Function
Opens
Fails to Function
Opens
Shorts

Operator Errov
(Commission)

Fails to Function

Operator Error
(Commission)

Opens
Opens

Operator Error
(Omission)

Does Not Close
Fails to Function
Opens

Operator Error
(Commission)

Fails to Function
Opens
fails to Function
Opens
Shorts

Operator Error
(Commission)

Fails to Function

D-13
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Table D.3 (4/4)

-

b -

AC Power Fault Summary - 120VAC Vital Bus 3B and 3D

KCBOOB1X

KFUO0B6B
KSWO0B2B

KSW0O0B2 X

KSWOOB2ZN
KIVOOBSW
KFUOOB7B

KCBOOB8X
KLCOOB 8w
KFUOOB 9B
KVROB10W

KFUOB11B
KTROB12D

KCBOOB4 X
KLCOOBAW

KCBOODI1X

KFU00D68B
KSW00D2B

KSW00D2 X

KSWOOD2N
KIVOODSW
KFUOOD7 X

KCBOODEX

KLCOOD8W
KFUOOD9B
KVROD10W
KFUOD118
KTROD12D

KCBOOD4 X

KLCOODAW

EVENT NAME

RSNSOI ———

e

EVENT COMPONENT

FAILURE MODE

Circuit Breaker 3602

Fuse VBF 3
Manual XFR Switch VBXS-3B

Manual XFR Switch VBXS-3B

Manual XFR Switch VBXS-3B
Inverter 3B
Fuse VEBF 47

Breaker to Inverter 3B

Relay Logic for Inverter 3B CB

Fuse VBF 38

VBTR 3B 15W Redundant PS Regulator 3B
Fuse VBF 37

Voltage Transformer VBTR-28

Circuit Breaker to VBTR-2B

Relay Logic for CB to VBTR-2B

Circuit Breaker 3604

Fuse VBF 4
Manual XFR Switch VBXS-1D

Manual XFR Switch VBXS-1D

Manual SFR Switch VBSX-1D
Inverter 3D
Fuse VBF 51

Breaker to Inverter 3D

Relay Logic for Inverter 3D CB

Fuse VBF 42

VBTR-3D 15W Redundant PS Regulator 3D
Fuse VBF 41

Voltage Transformer VBTR-2D

Circuit Breaker to VBTR-2D

Relay Logic for CB to VBTR-2D

D-14

Operator Error
(Commission)

Opens
Opens

Operator Error
(Omission)

Does Not Close
Fails to Function
Opens

Operator Error
(Commission)

Fails to Function
Opens
Fails to Function
Opens
Shorts

Operator Error
(Commi .sion)

Fails to Function
Operator Error
(Commission)
Opens

Opens

Operator Error
(Omission)

Does Not Close
Fails to Function
Opens

Operator Error
(Commission)

Fails to Function
Opens

Fails to Function
Opens

Shorts

Operator Error
(Commission)

Fails to Function

——
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D.3 SYSTEM QUANTIFICATION

D.3.1 SYSTEM RELIABILITY CHARACTERISTICS

The Crystal River AC power distribution system is a two train
system with the capability of being energized by multiple sources. The
preferred source, and the one that the distribution system is normally
aligned with, is the 230kV substation through the Unit 3 startup transformer.
However, if power from the 230kV substation is not available, the distribution
system may be aligned to receive power from either Units 1 or 2 (if they are
avail le) or from the onsite diesel generators. This realignment requires
the av. .ability of DC power. AC power is supplied to the various safety
systems iom a variety of buses on both (independent) trains.

For the case where offsite power is available, the unavailability
of the major AC buses was assessed to be primarily due to premature transfer
of breakers and transformer shorts during a time window that would make the bus
unavailable, but would not require the plant to be shut down (by Technical
Specification 1imits). Since these faults are relatively rare in occurrence.
and since the fault exposure time is small, the unavailability of individual
buses was assessed to be small compared to other faults. The unavailability
of an entire train of AC power is smaller still.

For the loss of offsite power case the unavailability of the AC
power trains was assessed to be a contributor to safety system unavailability,
The major contributors to AC power unavailability (hoth single trains ard
both trains) were assessed to be due to failures and maintenance outages of
the diesel generators coupled with the unavailability of power from Units 1}
and 2. Failure of a battery in the DC power distribution system was a less
important contributor,
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D.3.2 SYSTEM FAULT TREE QUANTIFICATION

This section presents the quantification of the AC power fault
tree for emergency operation in response to an accident or transient. Only
AC power availability during the injection phase of an accident or transient
is presented. AC power failure during the recirculation phase was assessed
to be of neqgligible probability compared to other safety system failures
for the following reasons:

e for the case where offsite power is available, failure of
individual AC buses by premature breaker transfers could
probably be recovered withir an acceptable time frame to
mitigate the accident. These failures are of small prob-
ability compared to other safety system failure modes, at

any rate. Loss of an entire train of AC power is an even
smaller probability event.

® Ffor the case where loss of offsite power is the initiating
event, it was assumed that offsite power would be restored
by the time that the recirculation phase started. This
assumption was based on WASH 1400 data that show that the
probability of restoration of offsite power three to ten
hours after offsite power is lost is very high. Other
options for recovering power by the recirculation phase
include restoration of diesels that may have failed at the
onset of the accident (Units 1 and 2 require offsite power
for restart).
Modularized fault trees were constructed for each of the 4160VAC
and 480VAC buses with offsite power available. For the loss of offsite
power case, modularized fault trees were constructed for AC power Trains A

and B, and for total loss of AC power.

Table D.4 shows the success requirements for AC power distribution,
Table D.5 contains the top event definition for the modularized fault trees,
and Figures D.3 through D.9 show the modularized fault trees for both the
LOSP and Non-LOSP cases. The unavailability of each gate is shown on these
trees, as well as the unavailability of the top events. Table D.6 presents
the Boolean equations that represent the fault trees. Table D.7, the
quantification table, shows the quantification of each gate, by component
and failure mode. The attached notes describe the assumptions used in the
quantification. Table D.8 summarizes the point estimates and the error
factors for each gate.














































6€-0

e it BT R e
&\‘E!ﬂ' COMPOHENT | EVENT OR FAULT DESCRIPTION ‘
' : b

e SR -

i AFOA S 7O BUS 3A '

: SIKGL‘ FALLT
i i curmal |
! 3561 | PREMATURE TRANSFER

AF3 | SINGLE FAULTS TO BUS 33, AND OPERATOR

| FAILS TO TRANSFER
CIRCUIT BXR

3360

SWITCH FiCC
B

PREMATURE TRANSFER

344 ‘
| TRANSFER SWITCH FAILS TO CLOSE f

n |
OPERATOR | FAILS TO TRANSFER i

!,____N__,._A.._.
i
lr_____ = DR S
|
|
|

;.u uﬁi

RATE( Ha-1) , uun:rlonlna) { OR PROBASBILITY

3.9 E-6

T

FAULY

e e e e b

18

14

L P L Ire————

) UNAVATLABRILITY ! E:g$g“ ' sews. T \res
Vit I _-.4:_._ A0 I _%._‘,._ | [

' 1.4 E-5 |

‘ 1 1

| - amEs 3, 5 4
|

: 1.3 E': | \I

| ;

‘ 1.4 -5 3*, :')‘ 4

! { !

z 1.0 E-5 ; 3*, 37|

| _loe2 | 5, 1] o

! ;‘1-\’) E~2 | ‘I
]

.

(dS071-uoN) uoL3edty Ljuend ,GYE-IJW. WA (G/G) £°0 a|qe)






Table D.8 AC Power Quantification Summary

BOOLEAN | POINT

VARIABLE | ESTIMATES
Al 1.0 E-3
A2 ‘ 0.36
A6 0.2
A7 | 0.5
A8 0.2
A9 0.5
A3 6.1 E-2
AX1 | 42 k3
DCA a3
AM1 1.6 E-2
A4 1.0 -3
AS 6.2 E-2
AX2 3.2 E-3
DCB 3.2 E-3
AM2 1.6 E-2
AF6 1.4 £-5
MCC3A 5.6 E-5
AFL | 1.4 £-5
AFS | 4.2 E-5
AF7 1.4 E-5
AF8 | LAES
MCC38 | 5.6 E-5
AF2 | 1.4 E-5
AFS l 4.2 E-5
AFI0 | 1.4 E-5
AF9A | 1.4 E-5
AF98 | 1.0 E-2
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APPENDIX E

NUCLEAR SERVICES CLOSED CYCLE COOLING SYSTEM
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E.2 SYSTEM SIMPLIFIED FAULT TREE

Detailed fault trees were initially drawn for both the NSCCCS
and the NSSWS. The detailed trees were simplified and combined in a series
of intermediate steps to arrive at a single simplified tree. The top
event for this fault tree is defined as:

NSCCCS Failure - failure of the NSCCCS to produce rated
emergency flow at the rated temperature and head at the
pump discharge header.

Because of the fact that several pump operability states are possible, sevcral
separate simplified fault trees were constructed to describe these cases.
Figure E.3 is the simplified fault tree for the normally operating
configuration, with the non-emergency pumps (SWP-1C and RWP-1) in service.
Figure £.4 is the simplified fault tree for one of the four possible cases
where both non-emergency pumps are not in service and one emergency pump

is running in each system. Figures E.5 and E.6 are the simplified fault
trees for two of the four possible cases where one system is operating

with an emergency pump in service and the other sy.tem is operating with

a normal (non-emergency) pump in service. The evaluation was performed

only for the normally operating configuration (the tree shown in Figure E.3),
which is the most conservative case. Since it was subsequently found that
this system is not a dominant contributor to any of the dominant sequences,

it was unnecessary to evaluate the other cases.

IAJOR ASSUMPTIONS

The assumptions used to construct the detailed fault trees for
NSCCCS and NSSKS before they were combined in the simplified trees are
listed in the following two subsections.

NSCCCS - Fault Tree

1. The NSCCCS is normally in operation. Correct valve
alignment in the major flow lines is assumed to exist
at the time of an ESAS signal. For the purpose of this
analysis it is assumed that pump SWP-1C is running (see
also Section E.1). The emergency pumps are not normally
in operation. Therefore, mispositioning of the block
valves in the emergency pump lines is addressed.

2. If pressure is lost in the surge tank, the pumps will not
cavitate.



The normal nuclear service pump can not supply the
emergency flow rate.

Failure to isolate nonessential loads from the NSCCCS

is not necessarily a failure (these loads F2ing the

CRDM coolers, RCP motor coolers, waste evapora‘ors, etc.).
The loads are not isnlated for heat load or hydraulic
considerations. Isolation is desirable because the
components are not missile protected and are located in
LOCA-missile susceptible areas.

SWP-TA and 1B and the associated check valves (SWV-9,
413, 8, 412) are each tested once a month on a staggered
basis.

The pumps are self-cooled. Blockage of the NSCCCS pump
motor cooling lines when these pumps are in service was
not considered. Blockage of these lines was considered
for standby pumps.

The system does not require reconfiguration for testing.

Components, lines, and valves tha* were considered to be
insignificant were omitted from the fault trees.

NSSWS - Fault Tree

¥s

The system is normally in operation. Correct valve
alignment in the major flow lines is assumed to exist
at the time of an ESAS signal. For the purpose of this
analysis it is assumed that pump RWP-1 is running .

The emergency pumps are not normally in operation.
Therefore, mispositioning of the block valves in the
emergency pump lines is addressed.

RWP-2A and 2B are cooled by the NSCCCS. If the motor loses
cooling, it is assumed to fail immediately Lu.s of cooling
to the bearing is not significant for this study. The bear-
ing pot is supplied by three sources. Cooling is accomplished
by circulation of water through the bearing pot. The primary
source of water is the domestic water system. The de-
mineralized water system backs up the domestic water supply
system. If both of these systems fail, seawater will back
into the bearing. This provides adequate cooling. It is not
done on a permanent basis because it is undesirable from a
corrosion standpoint.

The Auxiliary Building contains the two DHCCCS pumps, the
four NSCCCS heat exchangers, the two DHCCCS heat exchangers,
and the three surge tanks. Common causative damage events
could result in significant flooding of the room. This is a
single fault for both RWP-2A and 2B. However, the pump room
is large and is equipped with a sump pump.
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Figures E.3 through E.6 Simplified Fault Trees

1 These valves are normally open. These also appear in the
Human Error contribution.

2 Both of these valves (RWV-38 and 35) are normally closed check
valves in a seawater environment. Marine growth can be expected
to occur on the valve during inoperative periods. This will alter
the reliability over what can be expected in a freshwater environ-
ment., Each pump train is tested once a month on a staggered basis.

3 Four identical freshwater check valves, normally closed. Both
valves in either pump train must open for success.

4 The capability is present to start the pumps manually. Low flow
is alarmed in the control room. Pump speed is indicated in the
control room.

5 The failed heat exchanger must be isolated. Inlet and outlet
isolation valves must be closed. These are manual valves.
Depending on which heat exchanger failed, the valve combinations
are:

18 1C 1D

SWV-18 RWV-6 SWV-19  RWV-15 SWV-20 RWvV-16
SWV-14  RWV-14 SWV-15 RWV-7 SWV-16 RWV-8

Critical isolation time unknown.
6 Manual valves - locally operated.

7 Manual isolation is possible if detected. Critical isolation
time unknown.

8 There are no Single human errors. They all represent identical
valves on redundant pumps.

9 Each of these conditions is allowed to exist for 72 hours.

Components whose failure causes outage of a pump train are
listed below the box.

10 Both of these pumps are inactive and located in non-flowing seawater.
Each pump is tested once a month. Corrosion and marine growth on
the pump internals may create high common mode coupling.
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£.3 SYSTEM QUANTIFICATION

£.3.1 SYSTEM RELTABILITY CHARACTERISTICS

The majo. contributor to the unavailability of the NSCCCS during
the injection phase for cases where offsite power is available,is the failure
of the NSSWS to remove heat from the NSCCCS. This is due to coupled hard-
ware faults of the two seava' or pumps (RWP-2A and -2B) or of the two check
valves in the pump dischar (RWV-35 and -38). However, if offsite power
is not available the dominant contributor to the system's unavailability is
failure of both diesels to start and unavailability of power frem fossil

units CR-1 and -2. (The unavailability of both fossil units was assessed
as 0.56),

The contribution of simultaneous hardware faults in both NSCCCS
pump trains is about a factor of two smaller. These hardware faults include
manual valves inadvertently left ciosed. Other contributors, about an order

of magnitude smaller, are pump maintenance outages in one train and hardware
failures in the other pump train.

The unavailability of the NSCCCS during the recirculation phase
is dominated by faults that occurred during the injection phase in gne
train of either the NSCCCS or NSSWS and are not recovered for recirculation
(they may not be recoverable faults) and faults that occur during the re-
circulation phase in the other train of NSCCCS or NSSWS. However, the

NSCCCS unavailability during recirculation is about two orders of magnitude
smaller than during injection,
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B2 SYSTEM FAULT TREE QUANTIFICATION — INJECTION PHASE

This section presents the quantification of the NSCCCS un-
availability for required emergency operation of the NSCCCS during the
injection phase of a postulated accident. The quantitative results are
presented in table form with attached notes outlining the assumptions.

To perform the fault tree quantification, the simplified fault tree
representing the normally operating configuration (SWP-1C and RWP-1 in

service, Figure E.3) was transformed into a moduiarized fault tree.

Evaluating the system's unavailability for the normally operating configuration
is conservative, since at least one emergency pump is required to start

in each system (NSCCCS, NSSWS). For all other system operating configurations,
at least une emergency pump is already running. Therefore, the relative

high probability of failure to start of the emergency pump(s) does not con-
tribute to the system's unavailability.

Table E.2 shows the NSCCCS success requirements, Table E.3 contains
the top event definition for the modularized fault tree, and Figure E.7 shows
the modularized fault tree for the NSCCCS. The unavailability of each gate
is shown on the tree. Table E.4 shows the Boolean equation that represents
the fault trees. Table E.5 shows the quantification of each gate by component
and failure mode. The attached notes explain the assumptions used in the
quantification. Table E.6 presents a summary of the point estimates for each
gate and the error factors that were used in the sensitivity analysis.
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Table E.2  NSCCCS Injection — System Success Requirements

INITIATOR TRAINS NOTES

———

B1, P2, B3, B4 One pump flow for component Yatsd
Transfent thitiators ceoling during injection,

NOTES: 1. The NSCCCS is required to supply containment cooling water
to the containment cooling fans and high pressure system

pumps MUP-1B and MUP-1A during injection and recirculation.

2. The NSCCCS is a single loop system but with dual pumps.
The ultimate heat sink is tne NSSWS, which is a dual loop
system.

3. The NSSWS function of providing the ultimate heat sink for
the NSCCCS is included in the analysis of the NSCCCS.
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Figure £.7 (1/3) Modularized Fault Tree For Evert "N"



Figure E.7 (2/3) Modularized Fault Tree For Event “NC"
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Table E.5 NSCCCS - Injection

QUANTIFICATION TABLES

NOTES

The NSCCCS is a normally operating system. It was
assumed that pipe or vaive ruptures would be detected
when they occur, and repaired. Therefore, these faults
were assessed to be neqgligibly small.

The time duration for injection can vary from 0.5 hrs. to
10 hrs., depending on the LOCA size. A fault duration time
of 10 hrs. was conservatively chosen for the analysis.

The failure of ESFAS to actuate single equipment was assessed

as 2.1 E-4 (Event 1SS1 in ESAS quantification). Although

this number is insianificant, it is correct only for the B4 LOCA.
It is conservative for the other LOCA cases. Failure to recover
was assumed to bhe N.1 ner act,

The frequency of maintenance was assumed to be 0.02 acts per
month, The probability of leaving a valve in the incorrect
position after maintenance was assessed as 1E-2 per maintenance
act,

The failure of these components was assumed coupled since
they see the same seawater environment. A coupling
coefficient ( B factor) of 0.1 was assumed.

Failure of ESAS to provide actuation signals to both trains

is not included because the potential for recovery 1s high
enough to make this contribution negligible.
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Table E.6 NSCCCS - Injection Quantification Summary

| BOOLEAN
VARIABLE

N1
N2
NM1
N3
NM2
N4
NG
NM3
NS
N7
NM4
N6+ N7
ACA

ACB

ACA-ACB

POINT
ESTIMATES

£
1 £-3
3 E-4
1 E-3
.3 E-4
0 E-4
1 E-3
1 E-3
.0 E-4
.1 E-3
1 E-3
.1 E-4

ok

3.2 E-2%+

h e el ) wd kNN A ON LD

£ *

3.2 E-2%*

2.3 E-3

*offsite power available

**offsite power not available
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Table E.7 NSCCCS Recirculation — System Success Requirements

INITIATOR

TRAINS

81, 82, B3, B4 One pump flow for component

transient initiators

cooling during recirculation

NOTES: 1.

The NSCCCS is required to supply containment cooling water
to the containment cooling fans and high pressure system
pumps MUP-13 and MUP-1A during injection and recirculation

The NSCCCS is a single ioop system but with dual pumps.
The ultimate heat sink is the raw water system, which is a
dual loop system,

The NSSWS function of providing the ultimate heat sink for
the NSCCCS is included in the analysis of the NSCCCS.
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Table E-8 NSCCCS Recirculation — Top Event Definitions

BOOLEAN
REPRESENTATION

Ni

NCI1*(NC2*)

NR1* (NR2*)

TOP EVENT NOTES

Failure cf the NSCCCS to deliver 1
one pump flow with ultimate heat

removal for cooling during recir-

culation.

Failure of the NSCCCS Train A(B) to 2
deliver pump flow during recirculation.

Failure of the NSSWS Train A(B) to 3
deliver pump flow during recirculation.

NOTES: 1. The event N* includes failures in both the closed cycle
portion of the cooling system and in the seawater portion
of the system.

2. The event NC1* (NC2*) is defined for convenience of analysis.

3. The event NRI1*(NR2*) is defined for convenience of analysis.
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Table E.11 NSCCCS - Recirculation Quantification Sumsary :
I
i
I
| BOOLEAN POINT
. VARIABLE ESTIMATLS
| R Y
N*5 7.2 E-4
NXL € | |
| ! 1
Acs o |
N*6 b ek | |
N*x2 | € 5 J
ACB* € ! :
R R R W |
N*8 2.2 B4 |
i {
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fach seawater pump takes suction from the seawater sump, pumps water

through its respective heat éxchanger and into the discharge canal. There
are no other cooling loads on the system. The pump motors are cooled by
lhe respective frestwater (closed cycle) cooling train. They are powered
by the 4160V ES buses. The bearing is cooled by domestic water supply. If
that fails, the demineralized water supply will back-up the domestic water.
1f both those fa.!, the seawater will back into the bearing. This provides
adequate cooling although it is not desirable for long term cooling because
of corrosion considerations.

Each 300 HP RW pump supplies 9700 gpm at a 75 fooc head. + ap
discharge piping is 20 inches, but it diffuses to 24 inires before it
reaches the heat exchanger, The temperature rise througr the heat exchanger
is only 6°F. Technical Specifications (T.5.3.4.7.5) prohibit plant power
operation if the inlet temperature rises above 105°F.

The seawater trains have no MOV's or remotely overated valves.
fach pump has a 20 inch check valve in the discharge. There are no locked
valves in the system. Manual valves are locally indicated. Table F.1,
reproduced from the Crystal River FSAR, contains design information on
specific DHCCCS equipment.
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Table F.1
Component Design Information

Decay Heat Closed Cycle Heat Exchangers

Number
Type
Duty Btu/h

Sea Cooling Water

Flow (tubeside), gpm

5ea Looling Water Temperature, F
Closed Cycle Cooling Water Outlet Temp, f
Closed Cycle Cooling Water Flow (shell

side), qpm

Design Pressure, Shell/Tube, psig
Max Design Temperature, Shell/Tube, F

Tube Material
Shell Material
Channel Material
Code/Seismic Class

Decay Heat Closed Cycle Cooling Water Pumps

Number

Flow, gpm
Design Head, ft

Design Pressure, psig
Max Design Terperature, F

Seismic Class |

Decay Heat Closed Cycle Surge Tank

Number
Capacity, gal.

Design Temperature, F
Design Pressure, psig

Material
Code/Seismic Class

Decay Heat Service Seawater Pumps

Number

Flow, gpm
Design Head, ft

Design Pressure, psig
Design Temperature, F

Seismic Class

F=3/6

2
Shell and Tube
120 x 10®° Normal

9700
85
105 Max

3200

100/75

200/140

90/10 Cu=Ni

Carbon Steel, ASTM
2% Nickel Cast Iron
ASME Section VIII/I

3200

100
135

2

5000

135

15

Welded Carbon Steel
ASME Section VIII/I

9700

75
109
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PE SYSTEM SIMPLIFIED FAULT TREE

Figure F.3 is a simplified foult tree of the closed loop portion
of DHCCCS Train A. The tree for failure of Train B is identical except
for corresponding component number differences. Failure of flow in DHCCCS-A
is a single fault for Train A of the Low Pressure and Containment Spray
Systems. Failure of flow in DHCCCS-B will fail the analogous components,
and in addition MUP-1C. There are additional faults which can cause cooling
failure of components in the Low Pressure and Containment Spray Systems
independently of the other components. These faults are primarily mis-
positioning of valves due to human error.

The major assumptions used to construct the simplified fault tree for
DHCCCS-Train A (shown in Figure F.3 ) are listed below:

a. Components, lines, and valves that were considered insig-
nificant contributors were omitted from the fault tree.

b. The DHCCCS is a nomally inactive system. There is a
probability it will be unavailable on demand due to
maintenance, repair, or misposition of valves due to
human error. There are no MOV's in the system. The
manual block valves associated with each component
are locally indicated and are not locked. Positions
of valves in the flow path are checked once a month
per SP-347. The only locked valves in the system are
those on the cooling lines of DHP-1A, BSP-1A, and in
the case of Train B, MUP-1C. Test frequencies are
listed in the descriptive section. Each train is
tested de facto, once every two weeks for three hours
when the corresponding Decay Heating (LPI) pump is operated.

€. It was assumed that if flow to DMHE-TA was blocked,
DCP-1A could still operate against the shut-off head,
thus supplying bearing and motor cooling *n the RWP-3A,
BSP-1A, DHP-1A, and in the case of Train B, MUP-IC.
Furthermore, it was assumed that failure to provide
cooling for the pumps implies failure to provide
cooling to DHHE-1A,



The system does not require reconfiguration for testing.
It is, therefore, never unavailable due to periodic testing.

The gas pressure in the surge tank is not necessary for
system operation. The intent is to prevent air bubbles
from accumulating in the high points of the system.
However, if the surge tank valve, DCV-19, is inadvertently
closed, it was assumed that flow could not be established
in the system.

All pumps can be started from the control room or at the
breaker,

The Auxiliary Building which contains the closed cycie
DHCCCS pumps, also contains the four nuclear service heat
exchangers, the two DHCCCS heat exchangers, and three surge
tanks. Common causative damage events could result in
significant flooding of the room. This is a single fault
for both DHCCCS pumps. However, the pump room is large and
is equipped with a sump pump.

The major assumptions used to construct the simplified fault tree
for the raw seawater portion of DHCCCS- Train A (shown in Figure F.3) are
shown below:

a. Components, lines, and valves which were not considered
significant were omitted from the analysis.

b. Loss of cooling to the bearing of RWP-3A is not considered
significant for this study. The bearing pot is supplied by
three sources. Cooling is accomplished by circulation of
water through the bearing pot. The primary source of water
is the domestic water system. The demineralized water system
backs up the domestic water supply system. If both of these

| systems fail, the seawater will back into the bearing. This
| provides adequate cooling. It is not done on a permanent
| basis because it is undesirable from a corrosion standpoint.

| c. The raw water loop of DHCCCS is a normally inactive system.
There is a probability that it will be unavailable due to
maintenance, repair, and mispositioning of valves.
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Testing does not cause the system to be unavailable.
Testing requires no reconfiguraticn. Test freguencies
are stated in the descriptive section of this report.
There are no locked valves in the system.

The pumps can be started from the control room or at
the breaker.

Severe flooding of the pump room is a single fault which
fails the pumps in both raw water trains.

Pump cavitation was considered unlikely enough to be
ignored.

It was assumed the intake canal never goes dry while the
plant is operating, T.5.3.4.7.5 limits the bottom of the
canal to EL 74 and the ainimum water level to EL 81.
T.5.4.7.5.1 requires the inlet water temperature and water
level to be checked every 24 hours It was further assumed
the seawater sump never goes dry. Either section of the
sump may be out of service at any given time for mainte-
nance. There is a 48" pipe which gravity feeds the seawater
sump from the intake structure. A separate pipe goes from
the intake structure to each sump. A sluice gate also
connects the two sumps. The canal is wide enough to pre-
clude blockage by shipwreck. There are large grates on

the intake structure which remove trash, seaweed, flotsam
and jetsam from the seawater. [t was assumed that blockage
of these grates to the extent that they block flow is not
possible.

0P-404 contains a procedure for the lay-up of the seawater
side of DCHE-1A to prevent marine growth. This basically

is a gravity drain and flush with domestic water. It
involves opening and closing of drain valves, vent valves,
and fill valves. Because these lines are very small,
discharge rates would be very small if a valve was inadver-
tently left in the wrong position. For this reason, improper
filling procedur~ was not considered a credible fault.

Due to its nature, the seawater system is exposed to a
very corrosive-marine growth environment. Failures of
the two seawater pumps were assumed to be coupled, as
were failures of the two discharge check valves.
Failure (plugging, blockage, marine-encrustation) of
equipment in the dormant state was also considered.
However, plugging and blockage of equipment while in
operation was not considered likely.
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F.3 SYSTEM QUANTIFICATION

F.3.1 SYSTEM RELIABILITY CHARACTERISTICS

The DHCLCS is a double train system with no cross-ties. This
configuration allows failure of a single train to fail component cooling to
the corresponding single train of several safety systems. Each train is
dependent on the availability of AC power (AC power Train A powers DHCCCS
Train A equipment and AC power Train B powers DHCCCS Train B equipment).

For cases where offsite power i3 available, the unavailability
of a single train of DHCCCS was assessed to be principally due to single
hardware faults, which were dominated by failure of the raw water pump, and
to maintenance outages. The unavailability of both trains was assessed to
be principally due to coupled raw water pump and check valve failure and
maintenance outages coupled with failures on the in-service train.

For cases where offsite power is lost, diesel failures become
dominant contributors to both single and double train DHCCCS failure, along
with the same contributors described above. The unavailability of a single
train of the DHCCCS for the loss-of-offsite power case is about a factor of
three higher than the case where offsite power is available.

F~15
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F.3.2 SYSTEM FAULT TREE QUANTIFICATION - INJECTION PHASE

This section presents the quantification of the DHCCCS unavail-
ability for required emergency operation during the injection phase of a
postulated accident. The gquantitative results are presented in table
form with attached notes outlining the assumptions. To perform the fault
tree quantification, the simplified fault tree presented in Section F.3
was rearranged and is presented in this section in modular form.

Two modularized fault trees were constructed for the DHCCCS,
one for failure of Train A and the other for failure of Train B. The
failure of both trains is the product of these top events. In the new
tree the product of two gates that were assumed to be coupled is treated
as described in Section 4. of the Main Report.

Table F.2 shows the DHCCCS success requirements, Table F.3
contains the top cvent definitions for the two modularized fault trees,
trees, and Fiqure F.4 shows the modularized fault trees for DHCCCS
Trains A and B. The unavailability of each gate is shown on these
as well as the top event unavailability. Table F.4 shows the Boolean
ecuation that represents the fault trees. Table F.5, the quantification
tables, shows the quantification of each gate, by component and failure
mode. The attached notes explain the assumptions used in the quantification.
Table F.6 summarizes the point estimates for each gate, and the error factors
that were used in the sensitivity analysis.



Table F.2 DHCCCS - System Success Requirements

INITIATOR TRAINS NOTES

81, B2, 63, B4, Train A delivers one pump 1,2
flow for component cooling

and/or decay heat removal

during injection.

transient initiators

Train B delivers one pump 3
flow for component cooling

and/or decay heat removal

during injection.

NOTES: 1. The DHCCCS is required for component cooling and/or decay
heat removal for all LOCA sizes and transients requiring
| containment spray success.

2. Train A of the DHCCCS supplies component cooling for containment
spray pump BSP-1A, makeup pump MUP-TA, raw seawater pump RWP-3A,
decay heat removal pump DHP-1A, and decay heat removal from
low pressure Train A.

3. Train B of the "HCCCS supplies component cooling for containment
spray pump BSP-1B, makeup pump MUP-1C, raw seawater pump RWP-3B,
decay heat removal pump DHP-1P, and decay heat removal from
low pressure Train B.
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Table F.4 DHCCCS = Injection
BOOLEAN EQUATIONS BASED ON MODULARIZED FAULT TREES

TOP_EVEN NOTES

DA = D1 + D3 + DM} + DX1 + DM1
DB = D2 + D4 + DM2 + DX2 + DH2

DA-DB = D3-D4 + (D1 + DX1 + DH1)-(D2 + D4 + DM2 + DX2 + DH2)+
+ D3-(D2 + DM2 + DX2 + DH2) + DM1-(D2 + D4 + DX2 + DH2) 1,2

INTERMEDIATE EVENTS

px1
DXx2

ACA + DCA
ACB + DCB 3

NOTES: 1. Terms representing maintenance on toth legs at the same time
are deleted since this is prohibited by Technical Specifications.

2. The term D3-D4 represents component failures that were assumed
to be coupled. See Quantification Tables.

3. DC power train failure is explicitly included in the Boolean
equations. However, DC power train failure is also included
in the failure of the AC trains, and will reduce out.
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F.3.3 SYSTEM FAULT TREE QUANTIFICATION - RECIRCULATION PHASE

This section presents the quantification of the DHCCCS unavail-
ability for required emergency operation during the recirculation phase of
a postulated accident. As in the injection case, modularized fault trees
were constructed for failure of Train A and failure of Train B. Failure of
either train during the recirculation p.ise is predicated on success during
the injec*ion phase; if a train fails during injection, it is assumed to be
unavailable for recirculation. Thus, only DHCCCS hardware failures that
occur during recirculation are assumed to contribute to the top events.

Table F.7 shows the DHCCCS success requirements, Table F.8
contains the top event definitions, and Figure F.5 shows the
modularized fault trees for failure of Train A and B, respectively. The
unavailability of each gate is shown in these trees, as well as the top
event unavailabilities. Table F.9 shows tie Boolean equations that represent
the fault trees. Table F.10, the quantification table, shows the quantifi-
cation of each gate, by component and failure mode. The attached notes to
this table outline the assumptions used in the quantification. Table F.1l1
summarizes the point estimates for each gate.



Table F.7 DHCCCS - System Success Requirements - Recirculation

INITIATOR

TRAINS NOTES

B1, B2, B3, B4, Train A delivers one pump 1,2,4

transient initiators

flow for component cooling
and/or decay heat removal
during recirculation.

Train B delivers one pump 3,4
flow for component cooling

and/or decay heat removal

during recirculation.

NOTES: 1.

The DHCCCS is required for component cooling and/or decay
heat removal for all LOCA sizes and transients requiring
containment spray success.

Train A of the DHCCCS supplies component makeup pump MUP-1A,
raw water pump RWP-3A, decay heat removal pump DHP-1A, and
decay heat removal from low pressure Train A.

Train B of the DHCCCS supplies component cooling for contain-
went spray pump BSP-1B, makeup pump MUP-1C, raw water pump
RWP-3C, decay heat removal pump DHP-1B, and decay heat re-
moval from low pressure Train B.

Recirculation phase is assumed to last for 24 hours after
injection phase.



Table F.8 DHCCCS Top Event Definitions - Recirculation

BOOLEAN
REPRESENTATION TOP EVENT NOTES
DA* Failure of DHCCCS Train A 1,2
to provide one pump flow with
ultimate heat removal for com-
ponent cooling or decay heat
removal during recirculation.
DB* Failure of DHCCCS Train B to 1,2

provide one pump flow with
ultimate heat removal for
comnonent cooling or decay
heat removal during recircu-
lation.

NOTES: 1 The event DA*(DB*) includes failures in both the closed cycle
cooling system and the raw water system,

2. Assumes success during injection phase.



Non-LOSP: 1.7 E-3
DA* 1 Losp: 1.7 E-3
Single System
Hardware Interface
Faults Faults
1.7 E<3 €
DB * Non-LOSP: 1.7 E-3
LOSP: 1.7 E-3
sl |
Single System
Hardware Interface
Faults Faults
1.7 E-3 €

Fiqure F.5 Modularized Fault Tree for Events "DA*" and "DB*"
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Table F.9 DHCCCS - Recirculation

BOOLEAN EQUATIONS BASED ON MODULARIZED FAULT TREES

TOP_EVENTS NOTES
DA* = D*1 + D*X]
DB* = D*2 + D*X2

INTERMEDIATE EVENTS

D*X1
D*X2

ACA* 1
ACB* 1

H o

NOTES: 1. Offsite power is assumed to be recovered when entering the
recirculation phase. The uravailability of AC power with
offsite power available was calculated to be negligible
compared to other system failure modes.
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Table F.11 DHCCCS - Recirculation Quantification Summary

BOOLEAN POINT
VARIABLE ESTIMATES

D*1 1.7 E-3
D*Xx1 £
ACA* €
D*2 1.7 E-3
D*X2 3
ACB* €
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APPENDIX G HIGH PRESSURE INJECTION AND RECTRCULATION SYSTEM

G.1 SYSTEM DESCRIPTION AND OPERATION

The HP-system is used to provide emergency coolant to the reactor
vessel in the event of a small loss of coolant accident where the reactor
coolant system (RCS) is not depressurized sufficiently for core flood or
for low pressure coolant injection. The High Pressure Injection (HPI) is
also used to delay the need for core flood and low pressure coolant injection
in the event of intermediate size RCS breaks.

The HP-system is required to operate during both the injection (HPI
confiquration) and recirculation (HPR-confiquration) phases of small LOCAs
and transients. It also provides an alternate to the Emergency Feedwater
System for core cooling during loss of feedwater transients, when the EFS
is not available (referred to as "Feed and Bleed" operation). The HP-system
is an operating mode of the makeup and purification system, and consists
of a portion of that operating system, with additional standby components.

G.1.1 SYSTEM DESCRIPTION

The HP-system is comprised of the pumps, valves, storage tank
and interconnecting piping shown in Figure G.1. Although three pumps and four
injectior. valves are shown, the system is essentially & two-train system

because of its interfaces with other systems. These interfaces are summarized
as foliows:

(1) Borated Water Storage Tank (BWST) - common to both trains.

(2) Engineered Safeguards Actuation System (ESAS)
ESAS-A - Starts Pumps 1A and 1B
Closes Valves 27, 53, €4
Opens Valves 23, 24, 73

ESAS-B - Starts Pump 1C
Closes Valves 64, 257
Opens Valves 25, 26, 58

G-1



(3)

(4)

(5)

(6)

AC Power

4160V Bus 3A
4160V Bus 38
480V MCC 3A1
480V MCC 3B1

Pumps 1A and 1B

Pump 1C

valves 23, 24, 27, 53, and 73
vyalves 25, 26, and 257

DC Power
125VDC A - Pumps 1A and 1B
Valve 64
125vDC B - Pump 1C
Valve 64

Nuclear Services Closed Cycle Cooling System (NSCCCS)
- Cools Pumps 1A and 18

Decay Heat Closed Cycle Cooling System (DHCCCS)
- Cools Pump 1C

The Crystal River HP-system contains the following features:

Pump 18 can be shifted from Train A to Train B by
manually shifting its circuit breaker from its Bus 3A
cubicle to its Bus 3B cubicle.

Valve 64 isolates HPI from the makeup tank. It gets
signals to close from both ESAS trains, and it obtains
control power from both 125VDC trains.

Should loss of power occur on 4B0VAC Train A, injection
valves can be switched manually in the control room to
Train B; likewise, injection valves 25 and 26 can be
switched to Train A upon loss of Train B power. Loss
of 480 VAC power on either train should be readily
apparent in the control room.

The cooling water to pumps 1A and 1C can be changed by
realignment of valves to the DHCCCS or NSCCCS systems,
respectively. Pump 1B is always cooled by NSCCCS. The
Tineup of cooling water systems with HPI pumps has been
changed to that indicated above and does not agree with
the Crystal River Final Safety Analysis Report.
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Most of the HP-system components are located inside the auxiliary
building adjacent to 1.e reactor building. Exceptions are the borated
water storage tank which is Tocated outside adjacent to and south of the
reactor building and check valves 36, 37, 42, 43, 160, 161, 163, and 164
which are located in the injection lines inside the reactor building. The
pumps are located in an auxiliary building room adjacent to and east of
the reactor building, These pumps are separated from each other by concrete
walls which serve as missile shields,

The following is a summary description of the major components
in the HPI system.

BWST
Capacity 420,000 qgal.
Pumps
Type Horizontal, Multistage
Centrifugal, Mechanical
Seal
Rated Capacity
@ 2400 psi 300 gpm
Rated Head 5,545 ft,
Motor Size 700 hp
Design Pressure 3000 peig
Design Temp 200°F
Speed 680C rpm

Each pump is equipped with two Tube o0il pumps (one AC and one DC) and two
gear oil pumps (one AC and one DC). Upon loss of an AC pump, or its power
source, the DC alternate pump starts automatically, The AC and DC lube and
gear oil pumps are aligned to Train A or Train B power sources in concert
with their associated HPI pump lineup.

Valves
All valves are Seismic Class I conforming to ASME III requirements.




G.1.2 SYSTEM OPERATION

HPI is initiated automatically by the engineered safeguards
actuation system (ESAS) upon 1500 psig decreasing RCS pressure, 500 psig
RCS pressure, or 4 psig increasing reactor building pressure. The system
can also be started manually. During normal reactor operation the system
draws treated water from a makeup tank using one pump (usually 1B) and
discharges that water into RCS Toop 3A1 (via control valve 31 and block
valve 27 as shown in Fiqure G.1). The system also provides seal water to
the RCS pumps. Upon receipt of an ESAS signal the system is realigned so
that coolant is drawn from the borated water storage tank (BWST) by three
pumps (two pumps if only diesel power is available) and is discharged
through four injectior lines into the four RCS cold legs, respectively.
The makeup tank and the normal makeup and seal water discharge paths are
isolated upon HPI.

Once started by the ESAS the operator cannot reconfigure the
system without first bypassing those ESAS channels which initiated HPI.
This includes such subsequent reconfiguration as valve realignment for
recirculation of spilled fluid from the reactor building sump and injection
valve throttling to Timit pump flow or coolant loss through a RCS break.
A1l of these reconfigurations are required by procedures. Once valves are
reconfigured or pumps stopped they are subject to becoming commanded back
to the injection mode by subsequent ESAS signals; e.g., by the 4 psig
reactor building pressure signal if not also bypassed.

The following summarizes the operational sequence of the HPI:

e Pump 1B or 1A normally running with injection via makeup
line.

e Figure shows normal valve lineup with either pump 1A or
1B running.

o HPI automatically actuated by ESAS on low RCS pressure
(v 1500 psi).

® Actuation starts all pumps, opens injection valves 23F, 24F,
25F, 26F; opens valve 73, sends open signal to MV 58
(normally open); closes makeup valve 27, closes recirculation
valves 257 and 53, closes makeup suction valve 64,
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o Some small breaks in the injection line require isolation o’
the affected line by closing the injection valve. Operato
must bypass HPI/ESAS channel to close the valve.

® Procedures (EP-106 call for controlling flow by throttling
injection valves. Requires bypassing HPI/ESAS channels
A and B.

The HPI pumps are tested by running them alterrately for
approximately one hour each month, A1l valves that must respond to an
accident are fully or partially stroked once each quarter. Pump and
valve tests do not alter the system such that it or its subsystems would
be unavailable upon demand.

No maintenance is performed on the system unless a component has
failed or the reactor is shut down. Technical specifications require that
at least two HPI pumps be operable. If only one pump is operable another
pump must be restored within 72 hours, or the plant must be placed in hot
standby within six hours. If at hot stendby and only one pump is operable,
another pump must be restored to operable status within the next seven days,
or the plant must be in cold shutdown within 30 hours.

A1l motor operated valves and pumps can be operated using switches
in the control room. Manual valves are locked in position using padlocks.
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6.2 SIMPLIFIED FAULT TREE

Two fault trees were developed: one tree for the accident
initiating events that require only one-pump flow and another tree for
those accident initiators that require two-pump flow. However, the fault
tree for the two pump flow case was not evaluated, since:

® Two pump flow is required for ATWS, but ATWS was

estimated to be a very low probability event, and
ATWS sequences were not evaluated in this study.

e The break size requiring two pump flow (between 0.008 ft?

and 0.015 ft*) will result in some core damage if only

one pump is operating, but not core melt *
For these reasons only the fault tree resulting from one pump flow success
criteria was evaluated. The simplified form of this fault tree is shown
in Figure G.2. The fault tree was developed using information contained
in the Crystal River, Unit 3, Final Safety Analysis Report, system drawings
(primarily FD-302-661), plant procedures and correspondence, and from plant
visits. The simplified form of the fault tree shows only the single passive
and active faults and the double active faults. A1l higher order combinations
of component faults were considered to be negligible contributors to system
failure probability. Human error events are also shown on the fault tree.

Success/Failure Criteria. One of three HPI pumps is required for
all RCS breaks, or for a stuck open power operated relief valve (PORV).
Two of three available injection lines were considered successes on the fault

tree. One of four injection lines was assumed to be unavailable for injection
because of the initiating event. [f the break (or initiating event) occurs

in the RCS recirculation loop, no credit is given for coolant injection into
the broken loop. If the break occurs in the injection line itself (between
the block valve and the RCS loop) the block valve must be closed by the
operator.

*Telecon 11/16/79 with R. Jones, B&W
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Assumptions,

Assumptions and ground rules used i, the development of the

fault tree are as follows:

(1)

(2)

(3)

(4)

(5)

Breaks in the RCS which require HPI flow were assumed to

be in the cold leg of RCS loop 3B1. Loss of coolant from
this Toop is somewhat more likely because a stuck open PORV
and an open pressurizer spray valve would result in coolant
loss from RCS Toop 381. Failure of valves to open in this
injection loop do not appear as faults on the fault tree.
The flow requirements for success assume that part of the
fluid will be discharged out the break, therefore, success
does not depend upon isolation of the break by closing
block valve 25,

HPI injection line breaks were assumed to occur in the

lTine to RCS loop 381, It was assumed that a break in

any of the four injection 1ines was equally likely, and
therefore the selection would have no bearing on the
numerical results. If a break occur; in an injection line

it is incumbent on an operator to close the associated

block valve; otherwise insufficient coolant will be delivered
tc the RCS despite the number of operating 4PI pumps.

Isolation of the pump recirculation and RCS pump seal wuter
piping was assumed necessary in order to assure that all
flow is injected into the RCS. (Isolation is certaraly
important from a containment integrity point of view during
recirculation. If not isolated, contaminates water would be
pumped to the makeup tank and ultimately released to the
atmosphere),

Pump 1B is the pump normally used for RCS coolant makeup.

It was acknowledged on the fault tree that this pump might
be down for maintenance because of its required long duty

cycle (high likelihood of malfunctioning). If pump 1B is

down, pump 1A was assumed to be operating as a makeup pump
at the time of the accident.

[t was assumed that pump 1B is aligned tc the Train A

services at the time of an accident and that it cannot be

be changed during the course of an accident. Chanosover
would require a shifting of pump 1B breaker at the switchgear.

It was assumed that the system must be started automatically
following an accident. Ihis is to szy that the operator
expects that it will start and if it doesn't start it is too
late for the operator to do so. (This is a conservative
assumption and may not be a realistic one).
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Table G.1 (2/2)
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G.3 SYSTEM QUANTIFICATION

G.3.1 SYSTEM RELIABILITY CHARACTERISTICS

The Crystal River HPI system is basically a two pump train
system but with the following characteristics that affect the reliability
of the system:

e Pump Train A employs two parallel pumps (MUP-1B, MUP-1A),

while pump Train B employs a single pump (MUP-1C). One
pump on pump Train A is normally operating.

e There is a crossover at the discharge side of the pumps,
so that any pump can pump into any of four discharge lines.
(Two out of three lines other than the break line are required
for success,)

e Components are maintained only after they fail. The only
maintenance contribution assessed was that due to failure
of MUP-18B,

e Pump and valve testing were assumed not to alter the system
vnavailability.
System interfaces include AC power, DC power, and component cooling. The
NSCCCS provides component cooling for the Train A pumps, while the Train B
purip is cooled by the DHCCCS. Train A equipment interfaces with AC power
and DC power Train A, while Train B equipment interfaces with AC and DC
power Train B,

For the case where off-site power is available, the dominant
contributors to HPI system unavailability are operator error. Hardware and
other contributions are about an order of magnitude Tower than the operator

erro: .

For the loss of offsite power case, various hardware faults (including
diesel faults) are of the same order of magnitude as operator error. The
system unavailability in this case is about a factor of two higher than in
the case where offsite power is available, No one hardware contributor
stands out as being dominant; but the agaregate increases the system 'navail-
ability by a tactor of two.
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A separate fault tree was constructed for the case where the HPI

is used in the "Feed and Bleed" mode. For this case the dominant failure

mode is that the operator will fail to establish feed and bleed, which is
about two orders of magnitude higher than the aggregate hardware related

faults.
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G.3.2 SYSTEM FAULT TREE QUANTIFICATION - IMJECTION PHASE

This section presents the quantification of the HPI unavailability
for required emergency operation during the injection phase of a postulated
accident or transient. The quantitative results are presented in table form
with attached notes outlining the assumptions. Modularized fault trees were
constructed from the simplified fault tree presented in Section G.2 as an
aid to performing the quantification and sensitivity analyses.

Table G.2 shows the HPI success requirements for various transients
and LOCA sizes, Table G.3 contains top event definitions for the modularized
fault trees, and Figures G.3 through G.8 show the modularized fault trees.
The unavailability of each gate is shown on these trees, as well as the
unavailability of the top events., Table G.4 shows the Boolean equations
that represent the fault trees. Table G.5, the HPI quantification table,
shows the quantification of each gate by component and failure mode. The
notes for this table explain the assumptions used in the quantification.
Table G.6 summarizes the point estimates for each gate.
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Table G.2 High Pressure Injection Success Requirements

INITIATOR TRAINS NOTES
83, B4-LOCA 1/3 pump flow 1
2/3 injection lines 2
Transient induced 1/3 pump flow 1
LOCA 2/3 injection 2
Transient with 1/3 pump flow 1
loss of all 2/4 injection lines 3

secondary cooling

NOTES: 1. The HPI is a two-pump train system, where Train A consists
of two parallel pumps (MUP-B, MUP-A)} and Train B consists of
a single pump (MUP-C)

2. The HPI contains four injection lines, but the injection line
feeding into the leg containing the break is assumed to be
ineffective for cooling the reactor.

3. A1l four injection lines are presumed potentially functional
in this case.
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Tabie G.3 MHigh Pressure Injection - Top Events

BOOLEAN

INITIATOR REPRESENTATION
B4, B3-L0CAs; HPI
Transient induced
LOCAs
B4 LOCAs; HA
Transient induced
LOCAs .

HB
Transient with HPFB
loss of all
secondary cooling
Transient with HAF
loss of all secondary
cooling

HBF

High pressure injection 1
system fails tn provide

one pump flow via two

injection lines to cold

legs

High pressure injection 1,2
system Train A fails to

provide one pump flow

to injection line headers

High pressure injection 1,2
system Train B fails to

provide one pump flow

to injection line headers

Operator fails to establish 1
feed and bleed operation or

high pressure injection system

fails to provide one pump

flow via two injection lines

to cold legs

High pressure injection 3
Train A fails to provide

one pump flow to injection

line headers for feed and bleed

High pressure injection 3
Train B fails to provide

one pump flow to injection

line headers for feed and bleed

NOTES: 1. Requirements for break isolation or manual initiation are
reflected in fault trees or Boolean equations for the individual

initiators as appropriate.

2. HA and HB are required for modeling emergency coolant recir-

culation.

Failure modes common to both trains are excluded

from the individual train failures.

3, These events are defined for convenience of analysis, and
correspond to events HA and HB, except that some failures in
these events are not contained in HAF and HBF.
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Table G.4 (1/2) HPI

BOOLEAN EQUATIONS BASED ON MODULARIZED FAULT TREES

TOP_EVENTS NOTES
HPI = HA'HB + H1°H2:(H3-H4) + H5 + H6 + H7 + H9 + L3 +
+ LO17 + HO1 + (HO2-H8)-LOCA + (HO4-ACA)-AL
HA = HX1 + HI0 + H11-H12 + H13 + H1-(AL + H2) ' (H3 + H12 + H17 + H14)
HB = HX2 + H4 + H15 + HI6 + HI8

INTERMEDIATE EVENTS

HX1 = ACA + DCA + N (1)
HX2 = ACB + DCB + DB (1)
HX1eHX2 = ACA*ACB + ACA+(D2 + D4 + DM2 + DH2) + DBI[N1 + N2 (N3 + NM2)+
« N6+(N5 + NM3) + N4e(N5 + N7 + NM3) + NM3e(N5 + N7) + N6N7 +
* N3sNM1] ()
BOOLEAN EQUATIONS REGROUPEL FOR REDUCTION

L}

TOP EVENT

HPT = H5 + H6 + H7 + H9 “ L3 + LO17 + HO1 + HO2-H8-LOCA + (HO4-ACA)-AL +
+ HX1-(H4 + H15 + H16 + H18) + ACASACB +
+ HX2-{H10 + H11.H12 + H13 + H1-[AL-(H3 + H12 + H17 + H14) +
+H2-(H12 + H17 + H14) + H2-H3]} + (H10 + H11:H12 + H13)"
+ (H4 + H15 + H16 + H18) + HI* {(H4 + H15 + H16 + HI8).
. LAL-(H3 + HIZ + H17 + H14) + H2(H1Z + H17 + H14)] +
+ H2-H3-(H15 + H16 + H18) + HZ2.(H3-H4)} +

+ ACA=(D2 + D4 + DM2 + DH2) + DB [N1 + N2+(N3 + NM2 ] +
+ N6o(N5 + NM4) +N4+(NS + N7 +NMA) + NM3*(N5 + N7) +N6+N7 + N3«nM1] (1)



Table G.4 (2/2) HPI - Feed and Bleed

BOOLEAN EQUATIONS BASED ON MODULARIZED FAULT TREES

TOP_EVENTS NOTES
HPFB = H5 + H7 + H9 + L3 + HO3 + HO4-ACA-AL + H1-H2-{H3-H4) + HAF-HBF
HAF = HI0 + H11-H12 + HX1 + H1:- (AL + H2)-(H3 + H12 + H14)
HBF = H4 + HI5 + H16 + HX?

INTERMEDIATE EVENTS

HX1 = ACA + DCA + N (1)
HX2 = ACB + DCB + DB (1)
HX1+ HX2 = ACA-ACB + ACA+(D2 + D4 + DM2 + DH2) + DB [N] + N2+(N3 + NM2)
# N6+(N5 + NM4) + N4-(N5 + N7 + NM4) + NM3+(N5 + N7) + N6:N7 +
o~3-NM1] (1)

BOOLEAN EQUATIONS REGROUPED FOR REDUCTION
TOP_EVENT

HPFB = H5 + H7 + H9 + L3 + HO3 + HO4- ACA-AL + HX1-(H4 + H15 + H16) +
+ ACA-ACB + HX2-[H10 + HI1-H12 + H1-(H2 + AL)-(H3 + H12 + H14,] +
+ (H10 + H11-H12)-(H4 + H15 + H16) + H1-(H2 + AL)-[(H15 + H16)-
* (H3 + H12 + H14) + HA.(H12 + H14) + (H3-HA)] +
+ ACA- (D2 + D4 + DM2 + DH2) + DB[NI + N2-(N3 + NM2) +
+ N6*(N5_+ NMA) + N4- (N5 + N7 + NMA) + NM3-(N5 + N7) + N6-N7 +
« N3*NM1

(1)

NOTES: (1) See appropriate system fault tree section for definition of
faults whose initial letters are D (DHCCCS) or N (NSCCCS).
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| {ONSET OF INCIDEAT l 75 ‘ | 2 -
W1l PUMP 1B DOWN, PUMP 1A RUNNING AT ONSET | | | - .
! OF INCIDENT | | .25 | 2 o ‘
AL 'IWITIATOR 1S LOSS OF OFFSITE POYER | | 1om0 _ | | 3 -‘
K PASSIVE SINGLE FAULTS COMPON T0 BOTH . | | | < '.
TRAINS = | € | | | | B
- | L
3 SINGLE BUST FAILURE® [ | BAES . T gt |
| | ‘ : |
| B g 4
| 1 7 o
I | ' | . .
| ! | ! g 1
! I y | ! ‘ L.
| | | | | u
H8+H02 \OPERATOR FAILS TO ISOLATE BREAK IN * F g ; | a “
INJECTION Li%E | l | 2.5E3 P 3,1 0 | ‘ =
HG  (INJECTION  (BREAK OCCURS IN INJECTION LINE, GIVEN | | | | f ' | ]
LINE THAT SIMALL-SUALL BREAK OCCURS | [ s 0.5 | ; T 2
i | . ! |
W2 (INECTION | | | | | o] b L
LINE OPERATOR FAILS TO CLOSE VALVE g% el | S.0E3 | 3,100 0 | E}
! | =25 63 | | =
W3-Hy MANUAL VALVES|2 VALVES LEFT CLOSED IN ANY OF THE | 1 i ! o
10, 70, 2, 5 (COMBINATIONS: 70-53, 2-10, 79-2, 10-59| o | | 1.0E3 0% 0 W | 7 -
! | i e
LOCA LOCA GATE f | | l s
| LOCA , ‘ 1 ! ‘ 4
NON LOCA ,l i 0 ' 1 l
W1 [OPERATOR [OPERATCR INCORRECTLY [URHS OFF PUFP | i i | :
| | FAILS TO RECOVER IN TIHE TO . |
| | nmcm IHCIDENT j 0 5.0 £-3 10,3 0| 8y
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J COMPONENT

. .
EVENT OR FAULT DESCRIPTION i

FAILURE

FAULY

| UNAVAILABILITY

ERROR

T T
e | RATEIHR™1) | DURATICN(WR) | OR PROBABILITY | FACTOR | SENs. | woves
PSS L
| |
lOPERATOR |QPERATOR RECONFIGURES. VALVES FOR 7. | | | I ‘
! { CIRCULATIOﬂ TOC SOON AND LOSES SUCTION ' ‘ i I |
I | 0 PUMPS > | 5.0 F 2 IR L I A
{ K| 'DIVERSION OF FLOW VIA FAILURE TO CLOSE ! l | !
I ! Vs 257 AND 53 ! 4.8 E-6 ‘ ' 10
i { | | -
} MV 257 FAILS TO rLOSE | 0 | 1.0E-3 i oY
| CIRCUIT BKR | .
i 257 FAILS TO CLOSE 1.0 E-3 i
ESAS/MV 257 | o ESAS SIGNAL TO CLOSE VALVE (1ssi) | 2,1 E-4 Y. ¥ 1
¥ | 1 £22.2 £-% ‘
: v 53 FAILS TO CLOSE ! D 1.0 E-3 L P
| CIRCUIT BKR f i
5 257 FAILS TO CLOSE | D 1.0 £-3 3.3
:‘ ;ESAS/HV 53 NO ESAS SIGNAL TO CLOSE VALVE (1ss1) | D 2.1 E-4 11
' 5 1=2.2 F-3
W3 (OPERATOR FAILS T0 ESTABLISH FEED AND | _
| : BLEED OPERATION D 1, ¥-2 3*,1000 0 12, 17
}ACA- | INSUFFICIENT AC PONER ON TRAIN A AND
| kD4 OPERATOR FAILS TO SWITCH INJECTION
! VALVES 23F AND 24F TO TRAIN B 3.2 E-& 3, 10 0 13
ACA AC POWER TRAIN A
5 INSUFFICIENT PoweR (LOSP) 3.2 E-2 13
HOY 'OPERATOR FAILS TO TRANSFER SWITCH D 5.0 E-3 3%, 107 )
*=3.2 F-4
H7 DOUBLE INJECTION LINE FAULTS 3.2 E-4
VALVE FAUITS | VALVE FAILURE IN 2 INJECTION LINES
| (FAILURE OF ANY 2 OF 3 INJECTION ’
l LINES 3.2 E-4 e B 15, 16
INJECTION LINE AL FAILURE !
MV24F FAILS TO OPEN ) 1.0 €-3 ¥ ¥
CIRCUIT BKR. :
24F FAILS TO CLOSE D 1.0 €-3 Y. 7
CHECK VALVE
3 FAILS TO OPEN D 1.0 E-4 3+ 3-

e e e LR o

uorjeatjruend ,g4dH. Pue ,IdH. SIUdA3 (G/€) 6'9 a|qeL
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[E?!'rAJ COMPONENT 1 EVENT OR FAULT DESCRIPTION | FAILURE Lrnuagggg;(",, E g i LLER L - N !75£ls- NOTES
| CHECK VALVE | | | | |
' 1181 | FAILS TO OPEN : | 1.0 £-4 3 ¥l
t (ESAS/MV 24F | WO ESAS SIGNAL TO OPEN VALVE (1sst) | ' 2,16 | " 1
l l ! =24 E-3 ‘ ;
; . | INJECTION LINE A2 FAILURE | : ;
; MV 23F FAILS TO OPEN o ' 1.0 £-3 ‘ ;
| \CIRCUIT BKR. | ; ;
23F SA'LS TO CLOSE | D | 1.0 E3 | |
| | CHECK VALVE | | f |
; 42 FAILS TO OPEN : D ’ | 10E8 l
; |CHECK VALVE | | )
: 1160 | FAILS TO OPEN D f 1.0 E-4 1 1
} [ESAS/MV 23F | MO ESAS SIGNAL TO OPEN VALVE (1ss1) | D i 2.1 E-4 | | n
| } | 2mEs ¢ | |
; | INJECTION LINE B2 FAILURE ' | |
1 MV 26F FAILS TO OPEN | ) | | 1.0E3 i
: \CIRCUIT BKR. ! ] |
| 26F FAILS TO CLOSE | ) | 19E3 | ‘
| \CHECK VALVE | ' :
; 37 FAILS TO OPEN ! D | 1.0 E-4 |
= (CHECK VALVE | ; . l
5’ 164 | FAILS TO OPEN i | 1OE4
| ESAS/MV 26F | wo ESAS SIGNAL TO OPEN VALVE (1sst) | : 2.1 F-h 11
| | [ i i t= 2,1 E-3
| s 23F, 24F, l | |
| \anp 26F COUPLED FAILURE TO OPEN OF ANY 2 ! -
] ~ VALVES | | 3.0E4 2, 2 14
i H17 !ESAS/HUP-IA NO ESAS SIGNAL TO START PUMP (1sst) i | 2.1 E-t l 11
| H13  |ESAS/MUV-73 |NO ESAS SIGNAL TO OPEN VALVE (yss1) 2.1 E-4 | 1
! H18 [ESAS/MUP-1C |NO ESAS SIGNAL TO START PUMP (issi) 2.1 E-4 ' 11
i He | NO SIGNALS FROM ESAS-A AND ESAS-B (7.2 E-4)(n.0) 7.2 E-6 11
Caca AND FAILI'RE TO RECOVER i f
| INSUFFICIENT AC POWER - TRAIN A ;
WITH LOSS OF OFFSITE POWER 3.2 £-2
'l

TE—

FOR OTHER INITIATORS

t

o SRR rerp—
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:(svsar | COMPONENT l EVENT OR FAULT DESCRIPTION FaiuRe ]
i ' e T e— —
| a8 | INSUFFICIENT AC POWER - TRAIN B %
i E WiTH LG5S OF QFFSITE POWER
i ' | FOR OTRER INITIATORS
I
ACA.ACS | INSUFFICIENT RC POMER ON BOTH TRAINS ‘
| WiTH LOSS OF OFFSITE POWER ,
E I £0R OTHER [NITIATORS ‘
ocA | INSUFFICIENT UC POWER - TRAIN A .
! NON LOSP
| Lose
8] iINSUFFiClENT OC POWER -~ TRAIN B
| . | NON LOSP
t
l | : LoSP :
N | NSECCS FAILURE |
NON LOSP |
i
| Lose {
! |
08 | DHCCCS - TRAIN B FAILURE '|
‘ ‘ NON LOSP l
i LosP

[

|

.' :

1 |
Ao

| NSCCCS TRAIN B FAULTS
| NSCCCS TRAIR & FAULTS
{uscccs DOUBLE FAULTS
| DHCCCS TRAIN B FAULTS

|

FAULT

| paTElH®-1) | pusaTION(HR)

UNAVAILABILITY | ERSOR

CR PROBABILITY

e —— A S

1.3 E-4
2.3 €3

5.8 E-3
3.8 E-2

| FACTOR

|

i
t

i SENS. ] NOTES

r
|

| i |
| |
| |
| I
gl
* ?
1, 18|
11, 1?,
1, 18 |
1, 18 |
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Table G.5 (1/7) Quantification - HPI

NOTES :

1. The 10 hour operation timed assumed for the injection phase
" is conservative for those small breaks which do not require
draws on the BWST by other systems.

2. Pump 1B is assumed to be out of service for 3 months per year.
Technical Specifications do not limit the outage time.

3. The house is 1 for Loss of Offsite Power transients, 0 for all
other initiators,

4. The BWST water level is monitored continuously and alarmed in
the control room.

5. See Table K.6.

6. The probability of 0.5. is assumed and applied to LOCA
initiators only. An opportunity for this fault would occur
at each ESAS signal.

7. This fault represents a coupled human act. The probability
that any one valve would be closed is estimated to he 1E-2.
The probability that any one of the four combinations of two
valves would be closed, given that one valve was closed, is
estimated to be 0.1.

8. This fault occurred at TMI. Because of new NRC regulations
and increased operator awareness, the likelihood of this fault
is assumed to be less now than prior to TMI.

9. Reconfiquration for recirculation of both the high and low
pressure ECCS and the reactor building spray system is
considered to be a single act, Hence, the fault LO17 also
appears in the fault trees for the other systems.

10 Gate H9 represents double failure of the two sub-gates shown.
11. See appropriate system fault tree analysis section.

12. The probability is estimated to be relatively hiah because
(1) the operator would likely be reluctant to carry out the
procedure, since in effect it requires that he create a LOCA;
the ramifications of doing it unnecessarily would be serious,
and (2) the procedure is relatively complex in that it involves
numerous actions,

G=37







Table G.6 (1/2) HPI, HPFB - Quantificaticn Summary

BOOLEAN POINT
VARIABLE ESTIMATES
H10 1.1 E-3
H3 2.0 E-2
H14 2.0 E-3
H12 3.0 E-4
H2 3.0 E-4
H15 2.0 E-4
H4 ¢.0 E-2
H16 2.0 E-3

H1 0.75
H11 0.25
AL o*
1**
H5 €
L3 1.0 E-5 |
H8-HO2 2.5 E-3 '
H8 0.5
H02 5.0 E-3
| H3+h4 1.0 E-3
! LOCA 0+
1 ++
| W | 3.2 £-4
| ACA-HO4 3.2 £-4
ACA 3.2 E-2 |
[-——_HO4 5.0 E-3
*Offsite power availatle +non LOCA
**Offsite power not available ++L0OCA
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Table G.6 (2/2) HPI, HPFB - Quantification Summary

T ]
j
BOOLEAN  POINT
VARIABLE | ESTIMATES
. —t
' |
HO1 ; 4.0 E-3
Lo17 | 5.0 E-2
HY - 4.9 £-6
| !
. Ho3 1.4 E-2 |
. HLT i 2.1 E-4
H13 | 2.1 64
' H18 i 2.1 E-4
| W6 | 7.2 £6
. ACA | 3.2 g-2
: ACB | 3.2 E-2
. ACA-ACB 2.3 E-3
DCA e
| | 3.2 E-3**
i
' peB o>
| 3.2 E-3%*
I 1.3 E-4*
i 2.8 E-3%*
. 0B 5.9 E-3*
l 308 E‘Z** i
| .

*Offsite power available

**(0ffsite power not available
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G.3.3 SYSTEM FAULT TREE QUANTIFICATION - RECTRCULATION PHASE

This section presents the quantification of the High Pressure
System unavailabiliiy for required emergency operation during the re-
circulation phass of a postulated accident or transient.  The qd}u:itative
results are presented in table form with ittached notes outlining the
assumptions. A modularized fault tree was constructed as an aid in per=-
forming the quantification and sensitivity analysis. 4

-

Table G.7 shows the HPR success requirements for various

transients and LOCA sizes, Table G.8 contains top event definitions for
the modularized fault trees, and Figures G.9 and G.10 show the modularized
fault trees. The unavailability of each gate is shown on this tree, aé-uel1
as the unavailability of the top event. Table G.9 shows the Boolean equation
that represents Lhis fault tree. Table G.10, the HPR quantification table,
shows the quantification of each gate by component and failure mode. The
notes for this table explain the assumptions used ia the quantification,
Table G 11 summarizes the point estimates for each gate.

L
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Table G.6 High Pressure Recirculation - Top Events

BOOLEAN
REPRESENTATION TOP_EVENT NOTES

HPR High pressure system fails

to provide at least one pump

flow via two injection lines

to cola legs in the recircu-
lation phase, given HPI succeeds
and the corresponding low pressure
trains provide adequate suction
head to the high pressure pumps.

HA* High pressure system Train A 1
fails to provide at least one
pump flow to injection line
headers during recirculation,
given success during injection
and adequate suction head from
the corresponding low pressure
pump.

HB* High pressure system Train B 1
fails to provide one pump flow
to injection 'ine headers during
recirculation, given success
during injection and adequate
suction head from the corresponding
low pressure pump.

NOTES: 1. For loss of otfsite power transients, injection failures
due to diesel failures are assumed to be recovered for
recirculation. For events HA* and HB*, diesel failures
therefore do not preclude "success during injection" as
specified in the top event definitions.

C-43






Figure G.9 HPR Modularized Fault Tree

NOTES: 1. For sequences involving loss of orfsite power, offsite
power is assumed to he recovered by the recirculation phase,
therefore "Non-LOSP" values are used in HPR for HA and HB in
all cases. ({The injection phase is assumed to last about 10
hours for the B4 LOCA.) This means that diesel failures do no*
zontribute to system failure in the recirculation phase.

2. See HPI fault tree auantification tahles for HA and HB.
3. The number in brackets is for the LOCA initiator.
4. The initiating event assumed for “he tree is either a loss of

offsite power or a '.0CA, but not both simultanecusly, A tran-
sient induced LOCA is treated as a transient event,




HA* 8.0 E-3

—?r;in A Train A“
E:gigg Interface
Restiﬁ%{;ij 6.0 E-3 Faults__uJ
2.0 £-3 i f i 1.0 £-5
Pump 1A Pump 1B
Fails to Down For
[jjg\\; ) Maintenance

H.Z /\
74 -2 'H11
0.25

AN AN v o R
rain B Valve Train B
Faults During Interface

ecircuiation Faults

A A A

2.0 £-3 2.4 E-2 1.7 -3

Figure G,10 Modularized Fault Trees for Events "HA*" and "HB*"
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Table 6.9 HPR
BOOLEAN EQUATIONS BASED ON MODULARIZED FAULT TREES
TOP EVENT NOTES

HPR = LO4 + (LOCA-H*1-H*D1) + HA-HB* + HB-HA* + HA*.HB* + H*(02

HA* = H*3 + H*2-H11 + H*X]
HB* = H*4 + H*5 + H*X2

HA = see HPI Boolean equations
HB - " " " "

INTERMEDIATE EVENTS

H*X] = ACA* + DCA* + N* 1
H*X2 = ACB* + DCB* + DB* 1

NOTES: 1. Offsite power is assessed to be recovered when entering the
recirculation phase. The unavailability of AC power with offsite
power available was calculated to be negligible compared tu other
system failure modes.
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e

T

ievsni COMPONENT I EVENT OR FAULT DESC3IPTION T Lo I l St i) i T 1 N on | sEws, | wores
i He3 ; | TRAIN A VALVE FAULTS ‘, '; | 2063 i ‘
‘ (VALVE DHV 11 { FAILS TO OPEN : D |  10E3 l 3,5 | |
| | sas' | . , ‘ {
: 'tﬁRCUlT " FAILS TO CLOSE ; ] 1.0 E-3 E S5 :
‘ * i ! | 2063 | i |
|2 IPUYP 1A FAILS TO RUN | LOE3 2 | 2sE2 |13 S |51
| W ‘mxu B VALVE FAULTS | 203 :
| VALVE DIV 12 | FAILS To OPEw o | | L0E3 ll 3, 5 |
lr ' ‘ |
Gi%mm o i FAILS TO CLOSE D i 1063 | LA
! ! £=2.0 E-3 ‘ | ;
H'S | PUP 1C FAILS TO RUN 1.0 E-3 2 | 2.4 €2 15, % ) s |51
Wl | PUMP 1B DOSN, PUMP 1A RURNING AT ONSET | | =
| OF INCIDENT ; | L 0.25 | 2
HoKL | TRAIN A INTERFACING SYSTEM FAULTS | | LOES |
A" | IDC POMER, TRAIN A FAULTS | ‘ ‘ |
aa* | AC PONER, TRALY A FAULTS ‘ . |
e (FAILURE OF NUCLEAR SERVICES CLOSED l i
CYCLE COOLING SYSTEM (NSCCCS) DURING . v
| (RECIACULATION | 10ES |
W | TRAIN B INTERFACING SYSTEI FAULTS | L7
DCB* | C POMER, TRAIN B FAULTS ! . s
ACE® | 'AC POVER, TRAIN B FAULTS ; '
B | FAILURE OF DECAY HEAT CLOSED CYCLE
; COOLING SYSTEM (DHCCCS, TRAIN B | LTE3
HA SEE HPI FAULT TREE AMALYSIS v i .
H3 SEE HP1 FAULT TREE ANALYSIS .0 €3 .
LI4 OPERATOR FAILS TO RECONFIGURE FOR .
‘IECIRCULATIDN D | 3.0 E-3 10*, 3 0 3
o PORRATER PNECTTRE RECTREDMAT TR : 8.0 £-2 R Ny A
| \

et
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FAILS TO CLOSE VALVE

et | comoment | Evenr o raut DESCRirTion | AGaRL) | ounkbionn | OF FRSBABILHY | Facion | SEWS: | ares
Hel-
H*01 OPERATOR FAILS TO ISOLATE BREAK IN
INJECTION LINE 1.0 E-2 3*, 1000 © &
INseCTION
LINE (H°1)  |BREAK OCCURS IN INJECTION LINE, GIVEM
| THAT SMALL BREAK OCCUPS. ESFAS SIGNAL
| j OCCURS AFTER RECONFIGURATION FOR
g i RECIRCULATION FAILS TO CLOSE VALVES 0.1 ]
RATOR
| F:on) . 1.0 €2 3, 10 0

LOCA

6% 9

LOCA GATE
LOCA
NON LOCA

'.1 aa E'}
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NOTES

Table G.10 HPR - Quantification Table

The 24 hour run time for pumps during the recirzulation
phase represents an estimated nominal time after which

corrective action could be assumed to mitigate failures
that would prevent success during recirculation. This

assumption corresponds to a similar assumption made in

WASH 1400.

Pump 1B is assumed to be out of service for 3 months per
year. Technical Specifications do not 1imit the outage
time. It was conservatively assumed that the pump is
not restored by the time recirculation is required.

This fault is assumed to be the same fault as a similar
operator error that appears in the evaluation of the low
head recirculation system.

The existence of this fault will depend upon whether or
not an ESFAS signel (e.g., 500 psi primary pressure) is
received after cor “iguration for recirculation. This will
depend on LOCA siz. within the smallest LOCA (B4) category.
The assumed probability takes this into account. The

fault applies to LOCA initiators only.

During recirculation, the high pressure pumps are required
to pass sump water, which may contain concrete dust and
other particulate matter. There is some question concerning
the ability of the pumps to operate for extended periods of
time in this environment, therefore the pump failure rate
for extreme environments was used for the recirculation
phase.

"Non-LOSP" values are used in HPR for HA and HB in all cases.

For loss of offsite power transients, injection failures due

to diesel failures are assumed to be recovered for recirculation.

For events HA* and HB*, diesel failures therefore do not preclude
"success during injection" as specified in the top event definitions.

This human error was evaluated using THERP tree analysis as
described in NUREG/CR-1278.

G=-50



Table G.11

|

BOOLEAN
VARIABLE

H*3
H*2
H*4
H*5
H11
H*X1
DCA*
ACA*
N*
H*X?
pDCB *
ACB *
DB *
HA
HB
LO4
H*1
H*01
H*02
LOCA

——

*non LOCA
** OCA

HPR - Quantification Summary

- O NN

—

-

o

POINT

ESTIMATES

.0 E-3
.4 E-2
.0 E-3
.4 E-2
4

.0 E-5

&
E-2

.0 E-2

O*

1**

G=51






APPENDIX H CORE FLOOD SYSTEM (CFS)

H.1 SYSTEM DESCRIPTION AND OPERATION

The core flood system is a nassive engineered safeguards system
which stores a supply of borated water which will automatically flow into the
reactor vessel following a loss-of-coolant accident (LOCA). Although intended
primarily to provide rapid core reflooding following a Yarge LOCA, the tank
contents will be injected into the reactor vessel any time the reactor coolant
pressure drops below 600 psig. The CFS is required to operate only during the
injection phase of accidents,.

H.1.1 SYSTEM DESCRIPTION

The core flood system is depicted in the simplified schematic, Figure H.1.
Each subsystem consists of a core flood tank )ntaining at least 7626 gallons of
borated water pressurized by 600 psig nitrogen, and three valves in the injection
line path to the reactor vessel (RV). Instrumentation and alarms monitor tank
pressure and level, and a relief valve provides overpressure protection. Each
injection line path to the RV contains a normally open motor-operated valve (MOV)
and two in-1ine check valves in series.

H.1.2 SYSTEM OPERATION

The core flood system is not dependent on any other system and requires
no operator or control action to actuate. Since the core flood tank isolation
MOV is normally open, the two check valves serve to prevent the high pressure
reactor cooclant from entering the core flooding tanks. Under a LOCA condition,
these check valves oper automatically when the reactor coolant system pressure
drops below “e 600 psig nitrogen pressure held in the tanks. To ensure that
the MOV rema n. Jpen, limit switches monitor the position of the MOV with
annunication in the main control room. Additionally, the circuit breaker for
the 40V motor control center is locked open. During operation, level and pres-
sure are maintained when required by makeup from the High Pressure Injection
System and nitrogen supply. Sample lines are provided to verify boron concen-
tration periodically.



The following are general comments on limiting conditions for operation
regarding the core flood system. For a more complete description refer to
Section 3/4.5 of the Technical Sepcifications.

fach reactor coolant system core flooding tank must be operable with:
e the isolation valve open,

® a contained borated water volume between 7626 and
8005 gallons of borated water,

e between 2270 and 3500 ppm of boron, and,
® a nitrogen cover-pressure of between 575 and 625 psig.

The Technical Specifications require that if either a core flood tank
is inoperable or the MOV closes, restoration must occur within 1 hour or go to
a Hot Shutdown condition within the next 12 hours.

Surveillance reocuirements for the core flood system components include
the following:

e Fvery 8 hours tank level and pressure as well as correct MOV
position are verified.

e Every 31 days a sample is taken from the tanks to verify
boron concentration.

e Every 31 days it is ensured that no power is available to
the valve actuator by verifying the associated breaker is
locked open.

e Every 18 months (prior to shutdown for refueling) the core
flood "Isolation Valve Closed" alarm is verified to annuciate
when the MOV is not fully open. During this same period as
plant cooldown continues and reactor coolant pressure drops,
the in-line check valves are verified to actuate by observing
pressurizer level and core flood tank level.

H-2
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Figure H.1 Core Flood System Schematic Diagram



H.2 SYSTEM SIMPLIFIED FAULT TREE

The FSAR Section 14 indicates that both core flood systems are
required for a large LOCA. However, the fault tree is drawn with house events
in order to be representative whenever one or both systems are required. Loss |
of one core flood system is represented by single faults associated with pipe |
ruptures, check valves failing to open, MOV plugging, and inadvertent actuation ‘
of the core flood tank relief valve. As noted on the fault tree, inadvertent
opening of the relief valve with failure to reseat would be immediately detectable
by the associated tank level and pressure instrument alarms. Common mode failures
were considered for operator error during initial fill and pressurization of the
tanks as well as incorrect baron concentration. The first two should be considered
unlikely since instrumentation monitors tank level and pressure. However, an
additional common mode event was considered for miscalibration of this instru-
mentation by maintenance personnel which could result in insufficient volume or
pressure.

Figure H.2 shows the simplified fault tree for the CFS.
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Table H.1 Core Flood System Fault Summary

—

MPPO001 X
MPPO002 X
MO000O03X

MPPOOALF
MCVOOA2P
MCVOOA3P
MMVOGA4Q

MRVOOA5Q
MPPOOB1F
MCvooB2p
MCVO0B 3P
MMVOOB4A

MRVO0B59
MPP0004 X

e R ——

EVENT NAME

—— e

e

e e —

SIMPLIFIED FAULT TREE - FAULT SUMMARY

EVENT COMPONENT

———— e ———————— ——

e — S —

FAILURE MODE

Insufficient BORON cuncentration in
Core Flood Tanks

Insufficient Water Volume in Core Flood
Tanks

Insufficient Nitrogen Pressure in Core
Flood Tanks

Piping Between CFV-1 and RV
Check valve CFy-1
Check Valve CFy-2
Motor Operated Valve CFV-5F

Relief Valve CFV-24F

Piping Between CFV-3 and RV
Check Valve CFV-3

Check valve CFy-4

Motor Operated Valve CFV-6F

Relief Valve CFV-23F

Miscalibration of Level and Pressure
Instrumentation

‘}_......__

Operator Error
(Omissicn)

Operator Error
(Omission)

Operator Error
(Omission)

Rupture
Does Not
Does Not

Does Not
(Plug)

Does Not
Rupture
Does Not
Does Not

Does Not
(Plug)

Does Not
Operator

Open
Open
Remain Open

Remain Closed

Open
Open
Remain Open

Remain Closed
Error

(Commission)
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to hot shutdown.
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H3 SYSTEM QUANTIFICATION
H.3.1 SYSTEM RELIABILITY CHARACTERISTICS

The CFS is a double train system, but the success requirements depend
on the size LOCA and operation of other systems (see Table H.2)., For accidents
where CFS is required, both trains are required to function, except in the case
where the break occurs in one of the core flood lines downstream of the check
valve; in this case the other core flood train is required to function. Thus,
failure of either train will, in general, result in system failure. The system
is entirely independent of other system interfaces, as no AC power or component
cooling are required. Thus, the system unavailability is dependent only on
check valves opening, and a small maintenance outage contribution.
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5. 3.2 SYSTEM FAULT TREE QUANTIFICATION

This section presents the quantification of the CFS unavailability
for required emergency operation. A modularized fault tree was constructed
from the simplified fault tree to show CFS unavailability in terms of major
gates, each gate consisting of collections of component failures or outages.
Table H.2 shows the CFS success requirements, Table H.3 contains the top
event ‘definitions for the modularized fault tree, and Figure H.3 shows the
modularized fault tree with the unavailability of each gate and the top event.
Table H.4 shows the Boolean equation that represents the fault tree. Table H.5 ,
the quantification table, shows the quantification of each gate, and the attached
notes explain the assumptions used in the quantification. Table H.6 summarizes
the point estimates for each gate.
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Table H.3 Core Flood System — Top Events

BOOLEAN
REPRESENTATION TOP EVENT NOTES
CA Failure of core flood tank A to 1
deliver contents to reactor vessel
at 600 psi reactor coolant pressure
0] Failure of core flood tant B to ]
deliver contents to reactor vessel
at 600 psi reactor coolant pressure
CFS Failure of either core flood tank to 2
deliver contents to reactor vessel at
i 600 psi reactor coolant pressure.
!
;
| NOTES: 1. This top event is defined as a convenience to facilitate the
- quantification of CFS
r o8 For the cases analyzed either both core flood tanks are requived
(B,-LOCA and 8,-LOCA where one LPI-train is inonerable) or no
co}e flood tanas are required (83—L0CA with bot* 'Pl-trains
operating).




Faults in
Core Flood
Leg A

Common Mode
Miscalibration
of Pressure and
level sensors

Faults in
Core Flood
Leg B

Lo\
1.0 E-4

/2\

3.7 E-4

Figure H.3 Modularized Fault Tree for Event "CFS"




Table H.4 Core Flood System
BOOLEAN EQUATIONS BASED ON MODULARIZED FAULT TREE
TOP EVENT

CFS = CA + CB +CM
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Table H.5 Core Flood System
~ QUANTIFICATION TABLES
 NOTES
bt 1 This fault would not fai) the core flood tank function of
s cooling the core in the initial state of the accident since
. boron concentration is available from the BWST through the
low pressure system, This fault was not further developed.
f‘ 2 This parameter is maintained in the control room. Therefore,
[ this fault was assumed to be a low probability event,
| 3 Tank pressure and Jevel are verified every 8 hours via SP-300.
Therefore, the fault duration time is 1/2 of 8 (=4) hours.
'! 4 One CFT is allowed out of service for 1 hour before requirement

to qo to hot shutdown., Maircenance contribution was assessed
assuming a frequency of 0.02 icts/month times 17720 hyr Tikelihood
that the accident would occur during the outage.




Table H.6 Core Flood System - Quantification Summary

BOOLEAN POINT
VARIABLE ESTIMATES
CA 3.7 £-4
ce 3.7 -4
M 1.0 E-4
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LOW PRESSURE INJECTION AND RECIRCULATION SYSTEM
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Pump suction for the DHRS can be supplied from three sources:
1) the borat~d water storage tank (BWST), 2) the reactor building sump, and
3) the reactor .oolant system. Each train has an independent 1ine from the
BWST and RB sump while sharing a return line from the RCS. The suction lines
* nach DHRS tirain also supply suction to a reactor building spray system
and the LiST portion of the suction line (BWST side of valves DHV-34

A

M. is 2123 v=ared with the makeup pump suction header.

.vgure K.1 shows the LPI system valve alignment in the injection

mode, ne LPI systrm is essertially a two train redundant system. Successful
operation requires flow from one operating pump (DHP-1A or 1B) be supplied

to the reactor vessel. Each single stage centrifugal pump can deliver 3000 gpm
at 350 foot head. The decay heat removal neat exchangers (DHHE-1A and 1B)

are not required for heat removal during the injection phase.

The pumps s¢J niotor operated valves are supplied with power from
"o emergency AL power system. In addition, pump control power is from the
emergency DC power supply. The pumps require cooling which is provided by
the Decay Heat Closed Cycle Cooling System (DHCCCS). The DHCCCS, analyzed
separately with the results in Section II.F, consists of two independent
redundant trains, each train providing cooling to only one DHRS pump.

The RWST is the only source of water for LPI. This tank also
supplies wat: ~ for reactor building spray injection and high pressure injection.
As illustrated in Figure K.1, each DHRS suction line supplies a spray pump
and a line to the makeup pump suction header.

Figure K.2 shows the DHRS in the LPR configuration. As can be seen,
LPR utilizes the same equipment as LPI with the exception »f the pump suction
source. Successful LPR requires the delivery of water from tn> reactor build-
ing sump to the reactor vessel by at least one DHRS train.

The LPR system also supplies water for two additional systems during
the recirculation phase. If reactor coclant system pressure remains above
the effective discharge pressure of the DHRS pumps, the makeup pumps can be
used in the high pressure recirculation (¥ ) mode., During HPR operation,
makeup pump suction must be supplied by the DHRS pumps through DHV-11 or 12.

K-2




During the recirculation mode, reactor building heat removal is
performed by the fan coolers, sprays and decay heat removal heat exchangers.
The specific combinations of equipment required for successful heat removal
are addressed in Section 3,0. However, the LPR system does play a role in
heat removal by circulating reactor building sump water through the decay
heat exchangers for heat removal.
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K.1:2 SYSTEM OPERATION

Should a LOCA occur, the DHRS LPI mode is actuated by the ESAS
signal which starts both pump- and senis confirmatory open signals to the
normally open discharge valves on the pump discharge lines to the reactor
vessel. The pumps receive a start signal when reactor coolant system pres-
sure is less than 1500 psig and the normally open valves receive an ESAS
signal to open when RCS is Tess than 500 psig. Although normally open, the
BWST discharge valves on the suction side of the LPI pumps also receive an
ESAS signal to open when RCS is less than 500 psig. The LPI system is also
automatically actuated when the reactor building pressure is rising above
4 psig. Operator action is not required for ac*tuation or operation of the
DHRS in the LPI mode.

The BWST water must be vecirculated once a week. This is accomplished
by utilizing a DHRS pump and the DHRS return line to the BWST. This test is
required to recirculate the equivalent of two volumes of the 420,000 gallon
BWST which is estimated to take three hours. During this test, the !PT flow
path to the reactor vessel from one DHRS pump is disabled. The test is
alternated every week betweer LPI trains such that each LPI pump is opera‘ed
for three hours once every 14 days. The technical specifications require
that the reactor be shut down to hot standby if the BWST is found to be not
operable and is not restored within one hour. The BWST is checked once a
week for volume, boron concertration, and temperature. The temperature test
frequency is increased to once a day when the ambient air temperature is
less than 40°F,

In addition to BUST circulation, additionc! -hecks on DHRS valve
position and status are performed. Automatic actuation of pumps and valves
is tested once every 18 months during refueling and the system i3 operated
in its DHRS mode during shutdown. Should a DHRS train be found inoperable
during power operation, technical specifications require it be restored
within 72 hours or the plant be put in the hot shutdown mode.
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When the BWST water Tevel reaches the 'low level' (3' 9"), the
emergency coclant r7circulation pnase is initiated and continued as long
as necessary. To initiate this phase of operation, the DHRS pump sucti-n
is manually switched from the BWST to the reactor building sump. This is
accomplished by first opening the RB sump valves DHV-43 and 42 when the
BYST low level alarm is activated and after these two valves are verified
open, the BWST outlet valves to LPI are closed.
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K.2 SYSTEM SIMPLIFIED FAULT TREES

K.2.1 LPI FAULT TREE

Failure of the LPI system to supply sufficient water to the reactor
vessel after a large LOCA was postulated as the top event for the simplified LPI
fault tree, Figure K.3. This event implies that water from both LPI trains
is not available to the reactor vessel either at the start of emergency core
coolant injection or sometime during the injection phase.

The LPI system shares two ten inch lines into the reactor vessel
with the core flood tanks, with one LPI train and one core flood tank (CFT)
per vessel penetration. A LOCA in this line on the vessel side of CFV-1 or 3
(see Figure K.1) would also result in the failure of one CrT and one LPI train.‘
This event was not included in the fault tree of LPI. But should it occur,
the probability of failure of LPI would be the single train failure probability.

An LPI (DHRS) pump is operated once a week for BWST recirculation.
During this test, either DHV-7 and 9 or DHV-8 and 9 are opened depending upon
whether pump DHP-1B or 1A, respectively, is beina operated. Because two valves
are opened for a single nump test, failure to close both valves is postulated
as a single fault event. Also, the flow path to the reactor vessel is dis-
abled for one LPI train for the duration of this test which is estimated to

require three hours.

Switching to the recirculation mode too early could also fail LPI
due to insufficient NPSH in the reactor building sump. This has been identifie
as a plausible failure mode.

K.2.2 LPR FAULT TREE

Successful LPR operation requires the delivery of flow from one
operating DHRS train. The LPR fault tree was developed for failure to supply
sufficient flow from both DHRS trains when required, Figure K.4. The LPR

frult tree was based upon LPI success which implies at least one operating DHRS
train when LPR is required (low-level BWST alarm).
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Some faults which could result in failure ofone LPI train are
recoverable for successful LPR, Recoverable faults are generally failures
of automatic signals and mispositioned valves on the pump discharge which
do not result in pump failure., The LPR fault tree includes these faults
combined with the failure of the operators to recover.

Failure to properly switch to recirculation is critical. Mis-
positioning of either sump suction (DHV-42 and 43) or BWST outlet (DHV-34
and 35) valves could result in cavitation of LPR pumps and spray pumps.

For the fault tree analysis, it is assumed that mispositioning of the valves
will fail LPR and sprays in the followina combinations:

Valve(s) Misoperation Failed Subsystem
DHV-42 and 43 Closed LPR and Spray-Both
DHV-34 and 35 Open LPR and Spray-Both
DHV-42 Closed LPR and Spray-'A'
DHV-34 Open LPR and Spray-'A'
DHV-43 Closed LPR and Spray-'B'
DHY-35 Open LPR and Spray-'B'

Procedure OP-404 requires that one LPR subsystem be shut down within 24 hours
after the accident and additional lines from the reactor coolant system to the
DHRS be opened to avoid boron precipitation. Many of the LPR components are
subject to misoperation during implementation of this procedure. These items
are motor operated valves "HV-5, 6, 110, 111, 42, 43, 34, and 35; locally
operated manual valves DHV-8, 9, 10, and 7; and pumps DHP-1A and 1B. Mis-
operation of this equipment could result in failure of a single LPR subsystem
or both. The specific combinations of LPR failures are included in the fault
tree.

Faults associated with the suction side of the DHRS pumps are assumed
to fail the pumps and necessitate pump repair for recovery. During LPR, faults
on the discharge side of the pumps require only repair or reconfiguration of
the faulted component or item for LPR recovery. For faults that were assessed
to be recoverable see the quantification tables.
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Table K.1 Simplified Fault Tree - Fault Summary (Train A (B))

SIMPLIFIED FAULT TREE - FAULT SUMMARY

EVENT NAME

e e e e

LMVDHV5(6)P
LCBDHVS(6)N
LXVTESTX
LCNV110(111)Q
LPMDH3A(B)R
LPMDH3A(B)S
LCBPU3A(8B)0
LXVDHZ1(32) X
LCBPU3A(B)N
MCVO0B2(1)P
MCV00B2(1)E
LCVDHVI(2)P
LCVDHV1(2)E
LPMDHP-1A(B)
LCVDH33(36)P
JTKDHT1X
JTKDHTIR
JTKDHTIE

JRVDHEIP
JRVDH70P

EVENT COMPONENT

FAILURE MODE

DHY-516) (N.C.)
DHV-5(6) Circuit Breaker
DHV-8(7) and -9

DHY-110(111) Auto Controller
DHP-1A(B)

DHP-1A(B)

Motor Contactor

Manual Valve DHV-21(32)
Motor Contactor

Check Valve CFv-3(-1)

Check Valve CFV-31(-1)
DHV-1(-2)

DHY-1(-2)

Pump DHP-1A(8B)

Check Valve DHV-33(-35)

BWST

BWST

BWST

DHV 69 and DHV 70 (Coupled)

<K;16—

Fails to Open
Fails Open

Open After Test
Closes Valve
Fails to Short
Fails to Run
Inadvertent Trip
Iradvertently Closed
Does Not Close
Fails to Open
Plugged

Fails to Open
Plugged

Fails

Plugged

Leak

Rupture

Plug

Fails to Open
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K.3 SYSTEM QUANTIFICATION

K.3.1 SYSTEM RELIABILITY CHARACTERISTICS

The Tow pressure decay heat removal system is a two train system
with a crossover that is normally valved closed. The crossover can be
opened by opening manual valves, if sufficient time is available. The
system is required to perform several functions, depending on the LOCA size.
For the smallest LOCA, the system is required to provide suction head to the
high pressure pumps during the recirculation phase. For the larger size
LOCA's, the system is required to inject and recirculate cooling water
directly into the reactor vessel. The low pressure system requires AC power,
DC power and the DHCCCS for component cocoling and decay heat removal.

For the case where offsite power is available, the LPI system un-
availability is due to operator error and double failures in the low pressure
trains. The operator error contribution is about a factor of two higher
than the hardware contribution. This case only is applicable for the larger
LOCA sizes (B], 82, 33), since it was assumed that offsite power would be
available in these cases. For the smallest LOCA size (84) the low pressure
system is not required until recirculation.

During recirculation the lTow pressure system is required to provide
suction head to the high pressure pumps for thz 84 LOCA case. In this mode
of operation, the primary contribu*ovs to Tow pressure system failure are
operator errors. Maintenance outages also contribute to the unavailability
in this case. F~r the larger size LOCA's, the primary contributors are also
operator errors, which are about an order of magnitude iarger than hardware
faults.
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K.3.2 SYSTEM FAULT TREE QUANTIFICATION - INJECTION PHASE

Five modularized fault trees were constructed to quantify LPI
unavailability. The top level tree shows LPI unavailability in terms of
the unavailability c¢f LPI Train A, Train B, and single faults that fail LPI.
Modularized fault trees of LPI Trains A and B were constructed. For con-
venience of quantification, fault trees of each LPI leg to the crossover
were also constructed. These fault trees apply to LOCA sizes B], 82 ard 83.
For the B4 LOCA, the Low Pressure System supplies suction head to the high
head pumps during the recirculation phase. Therefore, component start
failures for the low head system are contained in the LPR analysis for this
size LOCA.

Table K.2 shows the success criteria for LPI for the various
LOCA sizes (B], 82, 33). Table K.3 shows the top event definitions for
the modularized fault trees. Figures K 5 through K.,7 presents the modularized
fault trees. The notes to the fault trees are in Table K.4. The unavail-
ability of each gate is shown on these trees, as well as the unavailability of
the top events. Table K.5 shows the Boolean equations that represent each of
these trees. Table K.6, the fault tree quantification table, shows the
quantification of each gate in terms of component failure modes. The assumptions
used in the quantification are described in the notes for this table. Table K.7
shows the point estimate for each gate,
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Table K.2 Low Pressure Injection - Success Requirements

INITIATOR TRAINS NOTES
84 LOCA and 1/2 ]
Transient induced LOCA
83 LOCA 1/2 2
82 LCCA 2/2 or 1/2 2, 3
with both core
flood tanks operating
B, LOCA 1/2 with both core 2, 3
flood tanks operating
NOTES: 1. For these initiators, the Low Pressure System is actually
not required until the High Pressure System is reconfigured
for recirculation, The system function is more appropriately
referred to as Low Head Initiation; its purpose is to boost
suction pressure to the high pressure pumps. The Low Head
sttem for the B4-LOCA is analyzed together with By, - re-
circulation LHR. See Low Pressure Reci,rulation analysis.
2. For this initiator, the successful low pressure train need not
correspond to a successful high pressure train.
3. Core Flood Tanks are analyzed separately.
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Table K.3 Low Pressure Injection - Top Events

BOOLEAN
REPRESENTATION NOTES

g-‘l £ BZ ’- 83 :" LOCAS

LPA Failure of low pressure Train A 1
to provide flow to reactor vessel.

LPB Failure of low pressure Train B
t) provide flow to reactor vessel.

LPI Failure of lLow Pressure System
to provide at least one pump flow
to reactor vessel.

LA Low Pressure Train A failures from
BWST to crossover.

LB Low Pressure Train B failures from
BWST tu crossover.

Note: 1. The low pressure injection system is not required
during the injection phase for B,-LOCA. raults
occurring during the injection phase are included
ir. LHR, LHA, and LHB. See quantification of the
Low Pressure System during recirculation for 84-L0CA.
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LA 1.9 E-2
Faults Maintenanc Leg A Hardware
Common I Outages 1 Test pRists ot
5.8 -3 a@ A
2.0 £-4 ' 3.2 E-3
| A
Pump DHP-1A Valve DHV-110
Maintenance Maintenance
Outage Outage
5.0E-4 5.0 E-4
LB 1.9 E-2
Faults 5B Maintenance Leg B Fga{g:aﬁgt
Common Outages Test Common to
to RBSI ij : RBSI
2.0 E-4 T 5.0 1EA 37 -3
| ]
Pump DHP-1A alve DHV-111
Maintenance Maintenance
Qutage Qutage
5.0 E-4 5.0 E-4

Figure K.7 Modularized Fault Trees for Events "LA" and "LB"
(By, By, By LOCAs )
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Table K.4 Low Pressure Injection (83, B, B]-LOCAS)

FAULT TREES (LPA, LPB, LPI)
NOTES
1 LPA, LPB, and LPI are failure of the low pressure injection

system during emergency core cooling initiation.

2 Operator fails to close DHV-8,9 which fails Train A of LPI.
Operator fails to close DHV-7,9 which fails Train B of LPI.
These acts were assessed as a triple common mode human fault
that fails both trains of LPI
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Table K.5 Low Pressure Injection (B] » By 83-L0CAS)
BOOLEAN EQUATIONS BASED ON MODULARIZED FAULT TREES
TOP_EVENTS

LPT = L3 + LO6 + I1-L09 + LO17 + LPA-LPB

LPA
LPB

L28 + LH6 + LA
L31 + LH7 + L3

INTERMEDIATE EVENTS

LA
LB

LX1
LX2

L4 + L5 + LT1 + LMI + LM2 + LX)
L6 + L7 + LT2 + LM3 + LM4 + LX2

i

ACA + DCA + DA
ACB + DCB + DB

BOOLEAN EQUATIONS REGROUPED FOR REDUCTION

TOP_EVENTS

LPI

L3 + LO6 + I1:L09 + LO17 + (L4:L6) + (L5-L7) + (ACA-ACB) +
DA-DB + (L28-L31) + (LH6-LH7) + L4:L7 + L5-L6 +

%

NOTES

+ ACA-(L6 + L7 + LT2 + LM3 + M4 + DB) + (L4 + L5){(LT2 + LM3 + LM4) +

+ +

+

LA-(L31 + LH7) + LB-(L28 + LH6)

LA
LB

"

L4 + L5 + LT1 + LM] + LMZ + LX]
L6 + L7 + LTZ + LM3 + LMA + LX2

"
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ACB-(L4 + L5 + LT1 + LM] + LM2 + DA) + (L6 + L7MLTY1 + LMI1 + LM2) +
DA<(L6 + L7 + LT2 + LM3 + LM4) + DB-(L4 + L5 + LT1 + LMI + LM2) +

(1,2,3,4)



Table K.5 Boolean Equations (LOCAs B,,B,, 8

3)

29

] The event LH6-LH7 was evaluated as a triple common mode
human error of leaving valves DHV-7, DHV-8, DH -9 in the
wrong position (open) after test,

2 The terms LPA-LPB and LA'LB contain hardware components
that were assumed to have coupled failure modes,
See quantification tables.

3 [t was assumed that no recovery is possible for legs in
test when the low pressure injection system is required
for the injection phase,

4 Terms representing simultaneous outages in both legs are
omitted since they are prohibited by Technical Specifications.
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Table K.6 (1/2) Fault Tree Quantification (B], By, BB-LOCAS)

BWST level is monitored, so these faults could not exist
for any appreciable length of time before discovery and
corrective action. Therefore, they were assessed as
v~gligible contributors ().

This fault was assessed as a nardware common mode failure

of 2 vacuum breakers failing to open when required. A failure
probability of 1.0 E-4 (check valve demand failure rate) was
used as the single vacuum breaker failure mode. A coupling
coefficient (g-factur) of 0.1 was used as the conditional
probability of failure of the second given failure of the first.

3 The event L4-L6 was evaluated assumina coupled failure between
valves DHV-33, 34, 35, and 36. A coupling coefficient (conditional
probability of failure of one valve, given failure of the other
valve, or [-factor) of 0.1 was assumed.

4 The event L5-L7 was evaluated assuming coupled failures between
pumps DHP-1A and DHP-1B. A coupling coefficient (conditional
probability of failure of one pump, aiven failure of the other
pump, or @-factor) of 0.1 was assumed.

5 The event L28-L31 was evaluated assuming coupled failures
between check valves CFV-1 and CFV-3. These component failures
were assumed to be coupled because tney see the same pressure
differential. A coupling coefficient (conditional probability
of failure of one check valve, given failure of the other, or
g-factor) of 0.1 was assumed.

6 This common error was assessed as 1.0 E-3 (frequency) for
leaving 1 pair of valves in incorrect position after test with
an additioral frequency of 1.0 E-2 for leaving the third valve
in incorrect position. The two acts were assumed to be

independent .
7 See DC-power quantification tables,
8 The event DA contains event ACA.
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Table K.6 (2/2) Fault Tree Quantification (B], 82, B3-L0CAs) (Cont.)

NOTES
Bl IPA (LPB) includes only those faults that fail Train A(B)
of LPI to the reactor vessel.

10 Check valve CFV-3(1) failure assumed coupled with check
valve CFV-1(3) failure; see event L28.L31 in LPI
quantification table.

11 If ESAS actuation of pump DHP-TH(B) fails, operator can
recover by manually initiating. A frequency of 1.0 E-2 was
assumed to be the prebability of failure to recover.

12 Operator terminates LPI. When LPI is reauired at a later
time, initiation is manual.

13 Common mode human error of leaving two manual valves in
wrong position after test. Assessed as 1.0 E-2 for the
basic fault and a coupling coefficient of 0.1,

14 Only faults upstrea ~“ crussover contribute to LA or LB.

14 Fault duration time is 1/2 of 2 weeks, since Tuse is tested
bi-weekly via pump tests.

16 This fault represents the human error of leavina the valve
closed following pump maintenance. The unavailability is
estimated as follows: (0.02 maintenance acts per month) X
(1.0 E-2 per act) X (360/720 months fault duration].

17 Each leg is operated for about 3 hours every two weeks to
recirculate BUST water.

18 See appropriate fault tree analysis.

19 For loss of offsite power transients, this fault is assw .d
to be recovered, even if the diesel fails, by the time the
system is required.

20 This human error was evaluated using THERP tree analysis as

described in NUREG/CR-1278.







Table K.7 (2/2) LPI - Quantification Summary (By, By, B3 LOCAs)

BOOLEAN
VARIABLE

L7

LM3
LM4
LT2
ACB

DCB

POINT

| ESTIMATES

3.2 E-3
5.0 E-4
5.0 E-4
8.3 E-3

ex

3.2 Es2%%

c*

3.2 E-3

* %

5.8 E-3*
3.8 E-2

*Offsite power available
**Offsite power not available
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Figqure K.8 Modularized Fault Tree for Event "LHR" (B4 LOCA)
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Table ¥.12 (3/9) F.ant "LRI" Quantification



Table K.12 ({1/2) Fault Tree Quantification Tables
NOTES

1 Only faults upstream of crossover contribute to LA* or LB*.

2 Faul* duration time is 1/2 of 2 weeks, since fuse is tested
bi-weekly via pump tests.

3 This fault represents the human error of leaving the valve
closed following pump maintenance. The unavailability is
estimated as follows: (0.22 maintenance acts per month) X
(1.0 E-2 per act) X (360/720 months fault duration).

4 Each leg is operated for about 3 hours every two weeks to
recirculate BWST water.

5 The probability of 0.1 is assumed. Recovery involves closing
manual valves, but several hours or more would be available
before the system is required.

6 See appropriate fault tree analysis.
i For loss of offsite power transients, this fault is assumed

to be recovered, even if the diesel fails, by the time the
system is required.

(s o]

DA* includes all faults in DA except failure of the diesel
in the case of loss of offsite power transients. Similarly
for DB*,

9 The probability of 0.1 is assumed. Recovery involves identi-
fying the open fuse and replacina it, but several hours or
more would be available before the system is required.

10 This fault involves failure to provide an alternative flow
path by reconfiguring valves DHV-7 and DHV-8. Procedures do
not require this nperation, but it is an obvious alternative
and sufficient time is available to perform the act.

11 LMZ2 also appears in LA*; LM4 also apnears in LB*. The indicated
valve is isolated when it is out of service for maintenance, and
it is conservatively assumed that the valve bonnet has been removed.
Under these conditions, neither leg could provide adequate flow,
even if the crossover valves were open.
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NOTES

12

13

14

15

16

17

Table K.12 (2/2) Fault Tree Quantification Tables

The event L4-16 was evaluated assuming coupled failures
between valves DHV-34 and DHV-35. A coupling coefficient
(conditional probability of failure of both valves, given
failure of one valve, or & factor) of 0.1 was assumed.

The event L14-L15 was evaluated assuming coupled failures
between pumps DHP-1A and DHP-1B. A coupling coefficient
(conditional probability of failure of both pumps, given
failure of one pump or £ factor) of 0.1 was assumed.

This fault might occur in several different ways:

(a) The operator fails to open the recirculation valves
DHV-42 and DHV-43,

(b) Operator opens recirculation valves, but fails to
close the injection line suction valves DHV-34 and
DHV-35 (this may not fail the system).

(c) Operator closes the injection line valves before
opening the recirculation valves, and the time between
these acts is sufficiently large to fail the pumps.

This fault was included since the operator is required by
procedure to terminate operation of the low pressure pumps
when they are activated by ESFAS during the injection phase.

For the events LX1 and LX2, the non loss of the offsite
power numbers for DHCCCS Trains A and B are used, since

it is assumed that offsite power is restored by the
recirculation phase.

It is assumed that if the suction line from the BWST is plugged
(or the MOV closed) when the LP pump is turned on, it will cav-
itate and eventually fail. This fault may occur when the pump
is automatically actuated by an ESAS signal or when the operator
starts the pump prior to reconfiguring the suction lineup to the
sump for LPR.
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Table K.13 (1/2)

Low Pressure Recirculation

BOOLEAN

VARIABLE

L4

L14
LMl
LM

LT1-LO1"

LT1
LC11
L*X1
ACA*
DCA*
DA*
L6
LM3
LM4

LT2-L012

L72
L012
L15
L*X2
ACG*
DCE*
Dg *
LA*
LB*
LO3
. LO4

|

|

.

POINT

ESTIMATES

E-4
3
E-4
E-4
E-4
£-3

- O 0 0O U " Ww N
N W w0 O NO

E-3
3

3
.7 E-3
.0 E-4
.0 E-4
.0 E-4
.3 E-4
.3 E-3

.7 E-3
.7 E-3

- W O o o0 U,y Y N

.7 E-3
.7 E-3
.7 E-3

O NN~

3.0 E-3

|

Quantification Summary (B4 LOCA)









APPENDIX |

*

REACTOR BUILDING EMERGENCY COOLING SYSTEM (RBECS)

.
The RBECS is the emergency operating mode of the Reactor Building Cooling
System (RBCS). '



APPENDIX L REACTOR P''ILDING EMERGENCY COOLING SYSTEM (RBECS)

L.1 SYSTEM DESCRIPTION AND OPERATION

Two redundant and diverse cooling systems arc provided to cool
the Reactor Building (RB) atmosphere during post accident tim= periods.
RB cooling is necessary in order to prevent overpressurization and potential
subsequent failure, The Reactor Building Emergency Coolina System (RBECS) is
the first source of heat removal. The Reactor Building Spray System (RBSS)
in conjunction with the Decay Heat Removal System (DHRS) provide a redundant
heat removal capability. A simplified schematic is shown in Fiqure L.1.

The RBECS consists of three fan/cooler assemblies. This system
is independent and diverse from the spray system. The RBECS simply circulates
containment air through the coolers. During emeraency service, the heat

load from the fan coolers is diverted to the Nuclear Services Closed Cycle
Cooling System (NSCCCS).

L.%.% SYSTEM DESCRIPTION

The RBECS is comprised of three large fan assemblies. A schematic
diagram of the fan system is shown in Figure L.1. Each assembly consists
of an air to water heat exchanger, a fan, fan motor, a roughing filter to
act as a demister, and associated ducting. The ducting inlets are distributed
throughout the upper containment. There is one common ducting system for
all three fans. Two of the fans are located at EL 95 (bottom of the reactor
building) and the third at EL 119. The air from the lower fans is discharged
into the reactor buildina at EL 102, The air from the upper fan is discharaed
into the reactor building at EL 135,

Power for the fans is supplied by the 480V ESMCC's, one fan being
on each of the 3A, 3B and AR centers. This way, failure of either 480V train
will only fail one fan. Each fan has two motor coils, a high speed coil for
normal operation and a low speed coil for emeraency operation. Two fans
operate during normal plant operation. Back pressure dampers in the ducting
restrict airflow to the inactive fan assembly.

L-1
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The cooling water flow to all three cooler assemblies is pro-
vided by the industrial cooling system during normal plant operation.
During emergency operation the fan cooling water supply is switched to the
NSCCCS to accommodate the increased heat load.

The lines to and from the individual coolers penetrate the con-
tainment. Each line has a containment isolation valve. Manual block
valves are provided on either side of the isolation valves. Differential
flow meters are provided on each side of the cooler to detect leaks in the
cooler assembly. The differential flow meters are displayed and annunciated
in the control room. The fan is the only other instrumented component in
the system. Annunciated in the control room are the high speed coil trip,
Tow air flow, and fan assembly vibration. The fan motor bearing temperature
is computer alarmed. Major component data are listed in Table L.1.
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L.1.2 SYSTEM OPERATION

Cooling water flows through all three coolers continuously,
regardless of the status of the fan. The water flow is 530 gpm/air handling
unit. The cooling water outlet temperature of 85°F is raised by 8°F, During
normal operation the heat load per fan assembly is 2X106 BTU/hr. The post-
LOCA saturated condition of the containment atmosphere raises the ...at load
to 80)(]06 BTU/hr per fan assembly. In order to accommodate this emergency heat
load, the fan coils are switched over to the NSCCCS. The cooling water flow
rate increases to 1700 gpm/assembly, the inlet temperature rises to 105°F.

The emergency mode of the fans is activated by the ESAS when the reactor
building pressure reaches 4 psig.

The confiquration changes necessary on an ESAS are summarized
below:

(1) The high speed coil on the fan is de-energized and the low
speed coil is energized. This is to compensate for the
increased pumping requirements of the fans in the saturated
containment atmosphere.

(2) The third fan is activated. During normal operation, only
two fans are operating. The third is activated to provide
redundancy. Airflow through the inactivated cooler is
restricted by a set of back pressure, gravity flow damoers.
These are expected to open automatically when the fan starts.

(3) The geat load is switched from the industrial cooler to

the NSCCCS. This is necessary because 2f the larger heat

loads in the emergency mode as opposed to the normal mode

of operation. The inlet and outlet valves (SWV-354 and

353) are opened to connect the fans to the NSCCCS. Inlet

and outlet valves from the industrial coolgr (SWV-151,

152, 355) are closed.
No requirement for valve alignment checks exists because the fans are a
normally operating system. Each fan is required to be demonstrated operable
monthly on a staggered test basis (SP-344). The fan has to be operated for
15 minutes and a coolant flow of 500 gpm must be verified. SWV-353 and 354
are stroked once a quarter. Technical Specification 3.6.2.3 requires that
two fans be available for normal plant operation. Normal plant operation

with only cne fan available is limited to 72 hours.
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Table L.1 (1/2) Reactor Building Cooling Unit Performance and Equipment Data
(Capacities are on a per air handling unit basis.)

Duty
4. Performance Data Emergency __Normal
No. Installed 3 3
Type Coil Finned Tube Finned Tube
A

Design Heat Load, Btu/h 80 x v 2.15 x 10°
Fan Capacity, cfm 54 ,000 108,000
Reactor Building Atmosphere Inlet Conditions

Temperature, F 281 110

Steam Partial Pressure, psia 49,99 --

Air Partial Pressure, psia 18.31 -

Total Pressure, psia 68.30 Atmospheric
Cooling Water Flow, gpm 1,780 530
Cooling Water Inlet Temperature, F 105 85
Cooling Water Qutlet Temperature, F 183 93.1
Equipment Construction Data

Item Description
Coil Tubes 5/8 in. 0D seamless copper with
; 0.049 <a. wall
Coil Fins ' 0.008 in. thick copper spaced
. 8.5 per inch
Coil Headerf Schedule 40 steel pipe
Plenum Casirrg 1/4 in. steel plate
Fan Casing | 1/4 in. steel plate
Motor ’ Pipe ventilated--air to water
heat exchanger

Casing Mater ial ASTM A-36



Table L.1 (2/2) Reactor Building Cocling Unit Performance and Equipment Data
(Capacities are on a per air handling unit basis.)

Summary of Requirements for
Reactor Building Fan Cooling Units

Item Acceptance Standard

Cooling Coils

Tubes and Fins ASTM Material Specification
Hydrostatic Test ASME Section V1II
Demisters ASTM Material Specification
Casing and Miscellaneous Parts ASME Material Specification
| Painting SSPCS SP-1063T
 Piping
Fabrication, Welding, and Inspection USAS B31.1
Seismic Requirements Seismic Class 1
Motors NEMA MG-1, ANSI C50.2 and
50.20, IEEE

L-5




R eu ¢Hov g‘“‘ 4 "“i f

MHeaY Cicha €y

L




L.2 SYSTE! SIMPLIFIED FAULT TREE

The detailed fault tree, initially drawn for the RBECS, was
simplified in a series of intermediate steps. The simplified fault tree
is shown in Figure L.2.

The top event for the fault tree is defined as:

Failure of all fans - failure of at least one fan
cooler to operate at rated
emergency conditions.

MAJOR ASSUMPTIONS

The major assumptions used to construct the detailed fault tree
are listed below:

1. Technical Specification 3.6.2.3 allows operation
with only one operable fan for 72 hours. This
situation is accounted for in the fault tree.

2. The fans are normally operating and can therefore
be expected to have the correct valve alignment at
ESAS initiation. However, since one fan is inactive
during normal plant operation, there is a possibility
it will not have correct valve alignment. Each
assembly is required (T7.S. 4.6.2.3) to be tested and
flow verified, once a month. Each cooler is flow
monitored in the contrel reom. Valve mispositions
were only listed for the inactive cooler assembly.

3. If the high speed coil is not de-energized, the fan
motor will overheat and burn out.

4. Missile damage was assumed possible to the ducting
and piping which would fail the fan cooling system,
although unlikely.

5. SWV-353 and SWV-354 are stroked once a month, per SP-351.

6. The fan motors and bearings are self-cooled.

7. Airflow across the inactive cooler is zero. Full NSCCCS
flow continues through the cooler. Back-pressure gravity

dampers starve the airflow. They should open when the
fan motor starts.
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& d SYSTEM QUANTIFICATION

L.3.1 SYSTEM RELIABILITY CHARACTERISTICS

For cases where offsite power is available the main contributor
to the unavailability of the RBECS during the injection phase is failure
to admit cooling to the fans from the NSCCCS. Cooling water from the NSCCCS
is admitted to the fan coolers when the air-operated valves SWV-353 and
-354 receive an ESAS signal. However, if offsite power is not available
the dominant cortributor to the system's unavailability is failure of both
diesels to start and power from both units CR-1 and -2 is not available
(the unavailability of both fossil units was assessed as 0.36).

About a factor of two smaller is the probability that the NSSWS
does not remove heat from the NSCCCS. Failure of both seawater pumps
(RWP-2A and 2B) to start or failure of the check valves in the pump discharge
to open are the main contributors. The remainder of the failures responsible
for the unavailability of RBECS are at least one order of magnitude smaller
than the above. They are mainly hardware failures in the NSCCCS. The
unavailability of the RBECS during the recirculation phase is dominated by
the failure of all fans to run. Failure of all fans to run was assessed
as a strongly coupled failure since the three fans operate in the same
severe post-LOCA containment atmosphere. The unavailability of RBECS is
about the same for both post-accident phases.



L.3.2 SYSTEM FAULT TREE QUANTIFICATION - INJECTION PHASE*

This section presents the quantification of the RBECS unavail-
ability for emergency operation during the injection phase of a postulated
accident. The quantitative results are presented in table form with attached
notes outlining the assumptions. To perform the fault tree quantification
the simplified fault tree presented in Section L.2 was transformed into a
modularized fault tree,

Table L.2 shows the RBECS success requirements. Table L.3 contains
the top event definitions for the modularized fault tree. The unavailability
of each gate is shown on the tree, Figure L.3. Table L.4 shows the Boolean
equations that represent the fault tree. Tabie L.5 shows the quantification
of each gate by component and failure mode. Table L.6 summarizes the point
estimates for each gate.

.
The RBECS is analyzed in terms of its fan cooler availability. Therefore,
the RBECS is referred to as "fan coolers" in this and the following section.
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Table L.2 Fan Coolers - Injection

TRAINS

1/3 fans
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Table L.3 Fan Coolei's - Injection

TOP EVENT DEFINITION

BOOLEAN
REPRESENTATION TOP EVENT
FCI Failure of fan cooler system to

provide at least 1/3 fan cooling
to containment during injection
phase.

NOTES




FCl Non LOSP: 2.7 E-3

LOSP: 3.5 E-3
il 1 1 1
Single Maintenance System Double Failures
raults Outages Interfacing With Loss of
Faults Offsite Power
AN AN
N Nen LOSP: 1.3 E-4
LOSP: 2.8E-3 (Note 3)
Valve
It
Faults ( I d] Offsite
6.0 E-4 Failure of Fan B
AC Power Out of
Train A Service
A Q Non LOSP: O
Breaker Lose: 1
Faults _ Non LOSP: ¢ 2.3 E-3
—7_\ Offsite [ Losp; 3.2 E-2
Power
Available
2.0 E-3
(Note 1)
Non LOSP: 1
LOSP: O
Figure L.3 Modularized Fault Tree ior Event "FCI"
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Figure L.3 Fan Coolers - Injection
FAULT TREE
NOTES
1 For cases where offsite power is available, house If'lg one;
for cases where offsite power is not available house AL is rero.
2 AL is the complement of house AL . For cases where offsite
power is available, house AL is zero; for cases where offsite
power is no*t available house AL is one.

3 This value was obtained from a Boolean reduced form of
N + ACA-ACB + DCA-DCB.



Table L.4 Fan Coolers - Injection

BOOLEAN EQUATIONS BASED ON MODULARIZED FAULT TREc

TOP EVENT NGTES
FCI = AL-F2 + F3 + FX1 + AL-ACA*F5 + FM (1,2)
BOCLEAN EQUATION WITH TERMS REGROUPED FOR SEQUENCE ANALYSIS
FCI = F4 + FX1 + AL-ACA-F5
F4 = AL-F2 + F3+ FM
X1 = N + ACA-ACB + DCA-DCB
NOTES: 1. Maintenance outage contributions are neqligible for this

system since it was assumed that only very rarely would
2 fans be out for maintenance.

Fans A and C are powered from AC - Train A, while fan B is
powered from AC - Train B. Therefore, loss of AC - Train A
nd fan B out of service is a double failure to FCI. The
opposite case involves triple failures and therefore is not

shown on the fault tree.
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Table L.5 Fan Coolers - Injection

QUANTIFICATION TABLES

NOTES

] For offsite power available, house has a value of one; for
offsite power not available, house has a value of zero. On
loss of offsite power air operated valves configure to open
position without requiring breaker operation.

2 Maintenance outages were assumed to not contribute since it
was assumed that only rarely would two fans be in maintenance
at the same time.

3 After Boolean reduction, FX1 = N.
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Table L.6 RBECS - Injection Phase Quantification Summary

i l R
|
BOOLEAN | POINT !
VARIABLE | ESTIMATES |
I N . S —— 4{
AL f 1+ |
O** ,
|
F2 ! 2.0 E-3
|
F3 ; 6.0 E-4
M ’ (3 |
| |
; i
AL = 0%
! 1** "
F5 | 2:3 €3
f
ACA ; e* |
| 3,2 E-2%%
 ACA-ACB e* |
! 2-3 E’3** :

|
|
| |
I
i
i

|
|
o d o

*Offsite power available
**(Offsite nower not avaiiable
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L.3.3 SYSTEM FAULT TREE QUANTIFICATION - RECIRCULATION PHASE

This section presents the quantification of the RBECS uravail-
ability for emergency operation during the recirculation phase of a postulated
accident. As for the injection phase, a modularized fault tree was constructed.

Table L.7 shows the RBECS success requirements. Table L.8 contains
the top event definitions for the modularized tree, and Figure L.4 shows the
modularized fault tree. The unavailability of each gate is shown on the tree.
Table L.9 shows the Boolean equations that represent the fault tree. Table L.10
shows the quantification of each gate by component and failure mode. Table L.11
summarizes the point estimates for each gate.
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SUCCESS REQUIREMENTS
INITIATOR
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Table L.7 Fan Coolers - Recirculation

TRAINS

1/3 Fans
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Table L.8 Fan Coolers - Recirculation

TOP EVENT DEFINITION

BOOLEAN
REPRESENTATION TOP_EVENT
FCR Failure of fan cooler system to

provide at least 1/3 fan cooling
to containment during recirculation
phase

L-22
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Table L.9 Fan Coolers - Recirculation
BOOLEAN EQUATIONS BASED ON MODULARIZED FAULT TREE
TOP EVENT NOTES
FCR = F*1 + F*X]

TNTERMENIATE EVENTS

F*X1 = N* + ACA*-ACB* (1)

NOTES: 1. Offsite power is assumed to be recovered when entering
the recirculation phase. The unavailability of AC power
with offsite power available was calculated to be negligible
compared to other system failure modes.
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Tavle L.10 Fan Coolers - Recirculation

QUANTIFICATION TABLES

NOTES

This fault was assessed assuming that failure of a.l
3 fans in the post-LOCA environment wauld be coudled.

A failure rate of 1.0 E-4/hr. wis use” as the basic failure wate

(intermediate between the normal and extreme environment failure
“ates given in WASH-~1400). '
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APPENDIX M REACTOR BUILDING SPRAY SY..°M (RBSS)

M. 1 SYSTEM DESCRIPTION AND OPERATION

The Reactor Building Snray System is designed to furnish reactor
building atmosphere cooling to reduce the building pressure after LOCA. In

addition, the sprays reduce the fission product iodine inventory from the
containment atmosphere. The pressure reduction function of the sprays serves
as a back-up to the reactor building emcrgency cooling system (RBECS, Appendix

L). The RBSS is an engineered safety feature and performs no normal aneratina
function.

M.1.1 SYSTEM DESCRIPTION

The RBSS, Figure M.1, is a once-through, two train system,
taking suction from the low pressure injection system suction header and
discharging into the containment atmosphere. Each of the two independent
trains is rated at 100”7 pressure reduction and iodine removal capacity
and consists of a pump, a spray header, associated piping, valves, instru-
mentation, and controls.

The spray pumps are powered from 4160V ES busses. Cooling to pump
BSP-1A and BSP-1B is provided by Trains A and B, respectively, of the
Decay Heat Closed Cycle Cooling System (DHCCCS, see Appendix F). The
water source for the sprays during the injection phase is the BWST and
during the recirculation phase the reactor building sump. The low pressure
injection and recirculation system suction header confiquration is described
in Appendix K. 01d connections for addition of sodium thio-sulfate to the
spray water exist between check valve BSV-1 and spray pump BSP-1A in Train
A and between BSV-8 and BSP-1B in Train B (see Figure M.1). However, the
sodium thio-sulfate admission valves BSV-99 and 100 are locked closed
(according to procedure OP-405) and the tanks are drained.

Each spray pump can discharge 1500 gpm at the rated head of 450 ft
into the containment atmosphere through spray nozzles. There are 192 nozzles
located on nine spray rinas, evenly divided between both spray irains
(4 spray rings for Train A, 5 spray rings for Train B). Each nozzle dis-
charges 15.2 gpm at 40 psi pressure differential across the nozzle.

A1l motor operated valves are powered by the 480V ES MCC's.



M.1.2 SYSTEM OPERATION

The valves in the spray lines are opened by an ESAS signal if the
containment pressure rises above 4 psig. The spray pumps are started by
ESAS when the containment pressure reaches 30 psig. This is assumed to

occur after a large LOCA. A small LOCA may not raise the containment pressure

enough to actuate the sprays. However, if the sprays are needed, they can
be actuated manually.

Upon low-level alarm in the BWST, the operator must start the
recirculation phase by opening the sump valves and closing the BWST outlet
valves (see also Appendix K). The operator is then required to throttle
the spray flow to 1200 gpm by means of valve BSV-3 (BSV-4 in Train B).

This flow rate corresponds to the NPSH of 22.5 feet available from the sump
(a flow rate of 1500 gom requires a NPSH of 24.8 feet).

High and low flows are alarmed in the control room. The alarm
set poinls are automatically transferred to the lower recirculation values
when the suction is reconfigured to Lhe sump. The spray pumps are alarmed
for high motor and pump bearing temperature, and for high motor starter
temperature.

The spray pumps are tested on a staggered basis once a month.
Testing is governed by procedure SP-340. During the test, water from the
BWST is recirculated by opening valves BSV-28 and BSV-5 or BSV-6, depending
on which pump is tested. A1l valves in the spray flow pa’ ' are stroked
once a quarter. Pump testing verifies position of BSV-17 and -16 and opera-
bility of BSV-1 and -8.
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M.2 SIMPLTFIED FAULT TREE

A datailed fault tree was originally drawn for failure of the

Reactor Building Spray System Train A. The tree included the injection
and the recirculation phase. Th2 fault tree for Train B is identical,
except for corresponding component number differences.

The detailed tree then was simplified and separated into two
trees, one for the injection phase and one for the recircuiation phase.

The top events are defined as:

Failure of Both Sprays, Injection - failure of at
least one spray train to deliver rated flow at the
rated head to its respective spray nozzles while
taking suction from the BWST, Figure M.2.

Failure of Both Sprays, Recirculation - failure to
successfully reconfigure at least one spray train

or failure to deliver rated flow at the rated head
to the train's spray nozzles for 24 hours, while
taking suction from the containment sump, Figure M.3.

Failure of the sprays will also fail the function of iodine removal from
the containment atmosphere.

MAJOR ASSUMPTIONS

The assumptions used to construct the detailed fault tree for
the RBSS are listed below:

(1)

The spray system is a normally inactive system and
therefore may be unavailable on demand due to maintenance,
test, or improper configuration of valves. BSV-3 and 17
are motor operated valves. BSV-2 is locked open (SP-381).
The valves on the cooling lines to the pumps DCV-115,

116, 27, and 33 are locked open (SP-381). BSV-2 is a
manual blocking valve, locally indicated. BSV-3 and 17
are indicated in the control room.

Technical Specification 3.6.2.1 requires two spray

trains to be operable. If only one is operable, the
plant must be shut down in 72 hours. Plant procedure
SP-347 requires valves in the flow path to be checked

for position every month. Plant procedures also require
the pump to be started once a month and BSV-3 and 17
stroked once a quarter. The two spray trains are tested
on an’alternating basis, i.e., one every two weeks. The
pump is tested by opening valves BSV-28 and BSV-5 (BSv-28
and BSV-6 for BSP-1B). Flow is diverted to the BWST.
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(3)

()
(5)

(6)

(7)

It was assumed that if cooling s lost to BSP-1A, the

pump will fail immediately. This is a conservative
assumytion. The motor and the bearing both require cooling.
A1l faults for the coolino function can be classified as
either those which prevent flow or those which prevent heat
rejection from the DHCCCS. If faults occur which prevent
flow to the motor or bearing, the water in the motor or
bearing will quickly heat up and in very short order the
motor will short or the bearing will seize. This is particu-
larly true in the recirculation phase where the pumped water is
hotter than the motor ccolant. If faults occur which prevent
heat rejection from the DHCCCS, but allow flow to the pump
cooler, the pump may run for some time before it f:iis. This
is particularly true for the injection phase, when there. is
no heat removal from DHHE-1A. The thermal inertia of the
DHCCCS may be sufficient to allow continued operation of the
spray pump.

The spray nozzles cannot become plugaed while they are inactive.

ihe operator must reduce the system flow rate from 1500 gpm
to 1200 gpm by throttling BSV-3 shortly after switchover to
recirculation to prevent cavitation. The NPSH required

to provide a flow rate of 1500 gpm is 24.8 feet. When
operating in the recirculation mode, the NPSH available to
the BS pumps is only 22.5 feet. If the operator

switches to recirculation based on sump height and

not BWST level, and premises the switchover on DH pump NPSH
requirements, the RS pumps may cavitate even if the flow rate
is reduced to 1200 gpm. Cavitation was assumed to cause pump
failure. Although the sprays have two independent loops,
throttling of BSV-3 and BSV-4 will be done simultaneously.
They are considered to be a singie operator action. "Failure
to throttle the valve correctly" includes:

e throttling too much to starve flow,
e throttling too little to cause cavitation,
® not throttling at all.

Switching on sump level rather than on BWST level is a fault
because the sump may not contain sufficient water (NPSH)
to prevent pump cavitation and subsequent failure of the pumps.

Upon changing from the injection phase to the
recirculation phase, the entire spray system will
experience a thermal shock. The BWST water is about
700F while the reactor building sump water is about
280°F. The amount of mixing between the two streams
during reconfiguration is not known. The FSAR and
personnel contacts at B&W claim the spray pumps have
been designed and qualified for this transient. The
pump is also qualified at the higher temperature.

Components, lines, and valves that were considered
to be insignificant were omitted from the fault tree.
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M.3 SYSTEM QUANTIFICAT 1uis

M.3.1 SYSTEM RELIABILITY CHARACTERISTICS

For cases where offsite power is available the major contributors
to the unavailability of the RBSS during the injection phase are operator
errors. For large LOCAs (B1, B2) the dominant contributor is that the i
operator reconfigures for recirculation too scon. For small LOCAs (B3, B4)
an additional operator error of the same order of macnitude can occur:
failure to manually initiate the sprays wher required.

In the case that offsite power is not available, the failure of
both diesels to start and unavailability of power from fossil units CR-1 and -2
(the unavailability of both fossil units was assessed as 0.36) is about an
order of magnitude smaller than the probability of the first two operator
errors described.

The unavailability of the RBSS during the recirculation phase
is dominated by two operator errors. The first is that the operator fails
to reconfigure the suction to the reactor building sump for recirculation.
The second dominant contribution is that the operator fails to throitle the
spray valves to prevent pump cavitation. About two orders of magnitude smaller
are the contributions of nonrecoverable hardware faults during the injection
phase (or a maintenance outage) in one train combined with hardware faults
that occur during the recirculation phase in the other train. These failures
include the DHCCCS that supplies pump cooling.

M=-11



M.3.2 SYSTEM FAULT TREE QUANTIFICATION - INJECTION PHASE

This section presents the quantification of the RBSI* unavail-
ability for required emergency operation of the RBSS during the injectio
phase of a postulated accident. The quantitative results are presented in
table form with attached notes outlining the assumptions. To perform the
fault tree quantification, the simplified fault tree was transformed into a
modularized fault tree.

Table M.1 shows the RBSS success requirements, Table M.2 contains
the top event definition for the modularized fault tree, and Figures M.4
through M. 7 show the modularized fault trees for the RBSI. The unavailability
of each gate is shown on the tree. Table M.3 shows the Boolean equations
that represent the fault trees. Table M.4 shows the quantification of each
gate by component and failure mode. The attached notes explain the assumptions
used in the quantification. Table M.5 presents a summary of the point
estimates for each gate.

*
RBSI; Reactor Building Spray System - Injection Phase.
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Table M,1 Containment Spray Injection

SUCCESS REQUIREMENTS

INITIATOR

81, E2, B3, B4

TRAINS NOTES

1/2 Trains 1,2,3

NOTES:

1

Success definition is the same for all LOCA sizes.

The time into the accident sequence when containment
spray (CS) will be required is dependent on the size
of the LOCA. However, it was assumed that CS would be
required during the injection phase for all LOCA sizes

The containment spray system is used both for contain-

ment atmosphere heat removal and post accident radio-
activity removal.
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BOOLEAN
REPRESENTATION

CSA

CSB

CSI

Table M.2 (Containment Spray Injection - Top Events

TOP EVENT NOTES
Failure of containment spray Train A
to provide containment atmosphere cocling.

Failure of containment spray Train B
to provide containment atmosphere cooling.

Failure of both containment spray trains
to provide containment atmosphere cecoling.
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Single and
Common Mode
Faults

Operator
BWST Reconfigures
Faults for Recirculatd
Lﬁtion too Soon

5.0 E-2

Figure M.4 Modularized Fault Tree for Event "CSI"; 8] and B,-LOCA
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CSA* NOﬁ-LOSP:

1.2 E-2

LOSP: 4.5 E-2

Train A Train A Train A Train A
Hardware Interfacing Maintenance Test
Faults System Faults Outages Outages
SMA
Non-LOSP: 5 8 E-3 1.6 E-3 1.4 E-3
LOSP: 3.8 E-2
1
Faults Faults
Not Common tg Common
Other Systems to LPI
L Non-LOSP: 1.2 E-2
@ A CSB*| LosP: 4.5 E-2
3.3 E-3 2.0 E-4
Train B ! Train 8 Train B Train B
Hardware Interfacing Maintenance Test
Faults System Faults Outages Outages
(ii) Non-LOSP: 5.8 E-3 1.6 E-3 1.4 E-3
LOSP: 3.8 E-2
1
Faults Faults
Not Common to Common
PDther Systems to LPI
A [ 16\
3.3 E-3 2.0 E-4

Figure M.5 Modularized Fault Trees for Events "CSA*" and "CSB*"

(Bl and B, LOCAs)
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Non-LOSP: 6.1 E-?
CS; LOSP: 6.3 E-2
(see Note 1)

-

Single and
Common Mode
Faults
| |
CSA CSB
Non-LOSP: 1.2 E-2 Non-LOSP: 1.2 E-2
LOSP: 4.5 E-2 LOSP: 2.5 E-2
BWST Operator Operator Fails
Faults Recon figures to Manually
for Recircula- Initiate
f E tion too Soon CSI
1.0 E-5 A‘I!hl

NOTE 1. The Non-LOSP probability applies to both the B3 and Bg LOCA
cases. The LOSP probability applies only to the transient-
induced B4 LOCA.

Figure M, 6 Modularized Fault Tree for Event "CSI"; B3 and BQ-LOCA




CSA NOH’LOSP: E" 2

1.2
LOSP: 4.5 E-2

[

i

Train A Train A Train A Train A
Hardware Interfacing Maintenance Test
Faults System Faults Outages Qutages
S i AA AST
Non-LOSP: 5.8 E-23 1.6 E-3 1.4 E-3
LOSP: 5.8 E-2
|
Faults Faults
Not Common td Common
Other Syste to LPI
Non-LOSP: 1.2 E-2
A CSB | LOSP: 4.5 E-2
S3
3.3 E-3 2.0 E-4
I
1 :
Train B Train B Train B Train B
Hardware Interfacing Maintenance Test
Faults System Faults Outages Outages
@-A
Non-LOSP: 5. 8 E-3 1.6 E-3 1.4 E-3
LOSP;: 3.8 E-2
— )
Faults Faults
ot Common to Common
ther Systems to LPI
3.3 E-3 2.0 E-4
Figure M.7 Modularized Fault Trees for Events "CSA" and "CSB";

(B4 and B, LOCAs)
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Table M.3 (1/2) Containment Spray Injection

BOOLEAN EQUATIONS BASED ON MODULARIZED FAULT TREES

| TOP_EVENTS NOTES
; B3, B4 - LOCAs
CSI3 = CSI4 = SO1 + LO17 + L3 + CSA-CSR 1
81, B2 - LOCAs
CSIT = CSI2 = LO17 + L3 + CSA*-CSB* 1

‘ INTERMEDIATE EVENTS

CSA = L4 + S3 + SXA + SMA + STA

| CSB = L6 + S4 + SXB + SMB + STB
SXA = DA + ACA
SXB = DB + ACB

| CSA* = L4 + S3* + SXA + SMA + STA
CSB* = L6 + S4* + SXB + SMB + STB

NOTES: 1. Terms representing simultaneous outages in
both legs are to be omitted since they are
prohibited by Technical Specifications.

2. For offsite power available only DA and DB,
respectively, contribute quantitatively.
For loss of offsite power initiator ACA
and ACB will be contained in DA and DB,
respectively, and require a further Boolean
reduction; see fault tree analysis of che
DHCCCS. DC-contribution contained in ACA
and ACB.



Table M.3 (2/2) Containment Sprav I.jection (Cont.)

BOOLEAN EQUATIONS REGROUPED FOR REDUCTION

B3, B4 - LOCAs

CSI3 = CSI4 = SO1 + LO17 + L3 + (S3-S4) + (L4-L6) + (ACA-ACB) +
+ ACA-(DB + S4 + L6 + SMB + STB) + ACB-(DA + S3 + L4 + SMA + STA) +
+ (DA-DB) + DA-(S4 + L6 + SMB + STB) + DB-(S3 + L4 + SMA + STA) +
+ §3-(L6 + SMB + STB) + S4-(L4 + SMA + STA) + L4.(SMB + STB) +
+ L6-(SMA + STA)

B1, B2 - LOCAs

€SIT = CSI2 = LO17 + L3 + (S3*-54*) + (L4-L6) + (ACA-ACB) + ACA*

*(DB + S4* + L6 + SMB + STB) + ACB-(DA + S3* + L4 + SMA + STA) +

+ (DA-DB) + DA-(S4* + L6 + SMB + STB) + DB-(S3* + L4 + SMA + STA) +
+ S3*+(L6 + SMB + STB) + S4*-(L4 + SMA + STA) + L4-(SMB + STB) +

+ L6-(SMA + STA)

M=20



Table M.4 (1/10) Event "CSI"
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Z7-R

EVENT | COMPONENT EVENT OF FAULT DESCRIPTION il B
$3° TRAIN A HARDWARC FAULTS HOT COFMON TO |
OTHER SYSTEMS I
PUMP BSP-14 FAILS TO START D
PUMP BSP-1A FAILS TO "uN 3.0 E-5
ICI:ECK VALVE
BSv-27 FAILS "0 OPEN D
1oV BSv-3 FAILS TO OPEN D
CHECK VALVE
iBSV-l FAILS TO OPEN D
]mv BSV-17 FAILS TO REMAIN OFEN (PLUGGED) D
;smv‘
lSIRANER NOT REMOVED
IVALVE DCV-115! LEFT CLOSED AFTER MAINTENANCE (.02) 1.0 E-2
iV,'\LVE DCV-27 | LEFT CLOSED AFTER MAINTENANCE (.02) 1.0 E-2
VALVE DCV-116] LEFT CLOSED AFTER MAINTENANCE (.02) 1.9 E-2
VALVE OCV-33 | LEFT CLOSED AFTER MAINTENANCE (.02) 1.7 E-2
VALVE BSV-2 LEFT CJOSED AFTER MAINTENANCE (.02) 1,9 E-2
ILS® ESAS TRAIN A FAILS AND OPERATOR FAILS
s02 TO RECOVER
ILS ESAS TRAIN A FAILS
S02 OPERATOR FAILS TO RECOVER
L4 TRAIN A HARDMARE FAULTS COMMON TO LPI
SXA TRAIN A INTERFACING SYSTEM FAULTS
NON LOSP
LOSP
DA

P—

DHCCCS TRAIN A FAULTS CINSUFFICIENT
COOLING)

NON LOSP
LosP

e

FAULT -

UNAVAILABILITY

DURATION(HR) | OR PROBABILITY

|
|

s

’13 E's
1.0 &3
1.5 -5

1.0 g-4
b 88 355

1.0 E-4
1.9 E-4

€

2.0 E-4
2.0 E4
2.0 E4
2.0 B4
2.0 E4
£=3,3 E-3

L1E-t

1 oa E'z

vwl.16-6_
i= -3
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O
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ERROR
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£Z-RW

S'A

pUIP 35P-1A
ROV 35Y-3
ROV BSV-17

EVENT OR FAULT DESCRIPTION

| AC TRAIN A CINSUFFICIENT PONER)
NON LOSF

LOSP

BC TOAIN A CINSUFFICIENT POWER)
NOR LOSP

LOSP

TAAIN A FAINTEXANCE OUTAGFS
OUT FOR MAINTENANCE
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TRAIN A TEST CUTAGE

3

Fkl UWE
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$Z-R

| EVENT

i ILS
| "S02

L6
. Sk

COMPONRENT

VALVE
VALVE
VALVE

VALVD

fiLs
S02

nev-11%
pCV-22

f
Dev-24

JSV=7

EVENT OR FAULT DESCRIPTION

FAILS TO OPEN

FAILS TC OPEN
FAILS TO OPEN

FAILS TO REMAIN oPen (PLUGSED)

BLOCKED OR PLUGGED

LEFT CLOSED AFTER MAINTENHANCE
LEFT CLOSED AFTER MAINTENANCE
LEFT CLOSED AFTER MAINTENANCE
LEFT CLOSED AFTER MAINTENANCE

LEFT CLOSED AFTER MAINTEMANCE

ESFAS TRA&I B FAILS AND OPERATOR FAlLﬁ

T0 RECOVE
ESFAS TRAIN B FAILS
OPERATOR FAILS TO RECOVER
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NON LOSP
LosP
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AC TRAIN B CINSUFFICIENT POMER)
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SAULT
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| 2.0 -4
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Table M.4 (6/10) Event "CSI" Quantification; B, and By LOCAs
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Table M.4 (7/10) Event "CSA" Quantification
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[ co-nmnem T EVENT OR FAULT DESCRINTION ‘ ,:‘;‘E ‘,,';’n ; numrzo:-(nn) : g:*:;é';glt‘[;:
et e d oY : '
! tgi’fé: 3 ’_iAR 6»"— FRULTS NOT COTOM TO | I 31E3
U J5P-18 E FAILS TO START | 5 i i LA E-3
P BSP-13 | sasLs To W b taEes | 05 | L5ES
ic»i EVALVE | | ‘ : ..
V26 | FAILS T0 OPEN i 1.3 B2
[mv 25N-4 EAILS 1O OPEN g 1.0 £-3
\CHECi VALVE | i | ;
1B5v-8 | FAILE TO OPEN | & 1.0 64
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Table M.4 (10/10) Event "CSB" Quantification; 83 ana B, LOCAs
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Table M.4 Containment Spray Injection

QUANTIFICATION TABLES

NOTES

2

Sy O B

10
11

This valve is closed in order to perform maintenance.
Failure to reopen after maintenance would fail the train.
The failure probability was assessed as (0.02) maintenance
acts/month times a human error rate of (1.0 £E-2). Recovery
would occur on monthly C5] tests.

For assessment of these faults see LPI fault tree analysis,
gate L4 (L6).

See DHCCCS fault tree analysis. For loss of offsite power
case AC train A(B) is included as a fault in DA(DB).

See AC-power fault tree analysis.

See DC-power fault tree analysis

See low pressure injection fault tree.

This fault common to low pressure injection system.

For this size LOCA, procedures require balancing HPI flow
which in turn requires defeating the ESFAS-signal. Therefore,
spray initiation is manual if the system is required.

Check valve failures BSV-26 and BSV-27 and pumps BSP-1A and
BSP-1B were assumed coupled with a g-factor of 0.1.

This event applies to By-and B,-LOCAs only.
This event applies to B3-and B4-LOCAs only.







M.3.3 SYSTEM FAULT TREE GQUANTIFICATION - RECIRCULATION PHASE

This section presents the quantification of the RBSR* una.ail-
ability for required emeraency operation of the RBSS during the recirculation
phase of a postulated accident. The quantitative results are presented in
table form with attached notes outlining the assumptions. To perform the
fault tree ~uantification, the simplified fault tree was transformed into
a modularized fault tree.

Table M.6 shows the RBSS success requirements. Table M.7
contains the top event definition for the modularized fault tree, and
Figures M. 8 through M.12 show the modularized fault trees for the RBSR.
The unavailability of each gate is shown on the tree. Table M.8 shows the
Booiean equations that represent the fault trees. Table M.9 shows the
quantification of each gate by component and failure mode. The attached
notes explain the assumptions used in the quantification. Table M.10 pre-
sents a summary of the point estimates for each gate.

*
RBSR: Reactor Building Spra, System - Recirculation Phase
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Table M.6 Containment Spray Recirculation

SUCCESS REQUIREMENTS

INITIATOR TRAINS NOTES
B1, B2, B3, B4 1/2 trains 1,2,3
NOTES: 1. Success definition is the same for all LOCA sizes.

2. The time into the accident sequence when containment spray (CS)
will be required is dependent on the size of the LOCA. However,
it was assumed that CS would be required during the recirculation
phase for all LOCA sizes.

3. The containment spray system is used both for containment

atmosphere heat removal and post accident radioactivity
removal.
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Table M. 7 Containment Spray Recirculation

BOOLEAN
REPRESENTATION

CSR

CSA**
CSB**
CRA

CRB

TOP_EVENT

Failure of both containment spray trains to
provide containment atmosphere cooling during
recirculation.

Failure of containment spray Train A to provide
containment atmosphere cooling during injection.

Failure of containment spray Train B to provide
containment atmosphere cooling during injection.

Failure of containment spray Train A to provide

containment atmosphere cooling during recirculation.

Failure of containment spray Train B to provide

containment atmosphere cooling during recirculation.

NOTES






CRA

4.4 E-3

r

Train A
Faults That
Occur During
Recirculation

|

Train A
Interfacing
System Faults
That Occur
During
Recirculation

Train A
Faults Not
Common To

Other Systems

Figure M.9 Modularized Fault Tree for Event "CRA"

Train A

Faults Common

To LPR
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CSA** 1.1 E-2

"~ frain A Non-recoverable Train A

Hardware Fault Train A Maintenance

During —l Interfacing Outages

Injection Faults
5.8 E-3 1.6 E-3 ]
Faults Not Faults Train A Operator
Common to Othen Common to Test Does Not
Systems LPI Outages Recover
3.3 €E-3 2.0 E-4 1.4 E-3 0.1
Figure M.11 Modularized Fault Tree for Event "CSA**"
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Table M. 8 Containment Spray Recirculation

BOOLEAN EQUATIONS BASED ON MODULARIZED FAULT TREES

TOP EVENTS NOTES
CSR = LO4 + S03 + CRB-CSA** + CRA-CSB** + CRA.CRB
CSA** = S3 + L4 + SXA + SMA + STA-504
CSB** = S4 + L6 + SXB + SMB + STB-S04

INTERMEDIATE EVENTS

CRA = S*1 + S*XA + L*34
CRB = S*2 + S*XB + L*36
S*XA = DA* + ACA* 1
S*XB = DB* + ACB* !

NOTES: 1. Offsite power is assumed to be recovered when entering the
recirculation phase. The unavailability of AC power with
offsite power available was calculated to be negligible
compared to other system failure modes.
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COMPONENT

EVENT
§*1
S*XA
|
:f L34
b
W
!
\
|
1
|
[
l
i
L

PUNP BSP-1A
VALVE B5V-3
R.B. SUMP
STRAINER

\DA®

ACA*

m.

b — ———
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EVENT OR FAULT DESCRIPTION

TRAIN A FAULTS THAT OCCUR PU?ING

RECIRCULAT 10N
FAILS TO RUN
FAILS T THROTTLE
BLOCKED
PLUGGED

SYSTEN INTERFACING FAULTS THAT OCCUR

DURING RECIRCULATION

DHCCCS TRAIN A FAILS DURING

RECIRCULATION

AC POWER TRAIN A FAILS DURING

RECIRCULATION

DC POWER TRAIN A FAILS DURING

RECIRCULATION

TRAIN A FAULTS COMMON TO LPR

i

FALLURE
RATE nn l)

30 E-5
D

Y raur
DURATION(HR)

R S

24

UNAVALLABILITY
OR PROBABILITY

1.7 E-3

7.2 E-4

1.0 &3
€

€
t=],7 -3
1.7 E-3

L. E~5

1.0 E-3

ERROR
FACTOR

'
\

19*, 10|

o |
3*, 3

! T
SEIS. | NOTES
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L5

SXA
A
ACA
DCA

SHA

STA-

S04
(STA
5ok

SN I

TRAIN & FAULTS 40T COMMON TO OTHEP
SYSTE'S

TRAIN A FAULTS COMMON TO LOY PRESSURE
SYSTEM

TRAIN A SYSTEM INTERFACING FAULTS
DHCCCS TRAIN A FAILS

NON. LOSP

AC POWER TRAIN A FAILS
NON LOSP

DC POWER TRAIN A FAILS
NON LOSP

TRAIN A MAIETENANCE OUTAGE
TRAIN A IN TEST AND NOT RECOVERED FOR
RECIRCLLATION

TRAIN A IN TEST
OPERATOR FAILS TO RECOVER

EVENT OR FAULT DESCRIPTION 1 DURATION{HR)

S

UNAVAILABILITY | €
OR PROBABILITY |

’.3 £'3

200 E’“

4.3 €2

16 £3

1.4 E-4

1.4 -3

9.1
v=1.4 E-4
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Table M9  Containment Spray Recirculation
QUANTIFICATION TABLES

NOTES

For definition see CSI fault tree analysis.

Failure of DHCCCS Train A(B) during recirculation phase
implies success during injection phase.

For loss of offsite power initiator failure of DA(DB)
due to diesel failure is assumed to be recovered for
the recirculation phase.

See LPR fault tree analysis.

Operater is required to throttle valves BSV-3 and 4

to prevent pump cavitation. This was ssessed as 1.0 E-3
rather than the usual value of 1.0 E-2 for operator faulis
because procedures are clear and fault is alarmed. Inclusion
of this fault in the analysis may be conservative because it
is not certain that throttling these valves is required to
prevent cavitation.

In CSA** and CSB** for LOSP, the events SXA and SXB exclude
diesel failures because offsite power is assumed to be re-
covered by the recirculation phase.




Table M.10 RBSR - Quantification Summary

| BOOLEAN

. VARIABLE

! S3
L4
DA

SMA
STA-504

S4

L6

DB

SMB
STB-S04
¥l
DA*
L*34
5%
m*
L*36
S04

LO4
' S03

o SE—————

POINT
ESTIMATES

3.3
0 E-4
8 E-3
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REACTOR BUILDING ISOLATION SYSTEM (RBIS)
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APPENDIX N REACTOR BUILDING ISOLATION SYSTEM (RBIS)

N.T SYSTEM DESCRIPTION AND OPERATION

The purpose of the reactor building isolation system (or containment
isolation system, CIS) is to insure that no path exists between the containment
atmosphere and the outside environment. However, emergency system piping
pe :trating the containment must remain open (e.g., Emergency Core Cooling
Systems, Containment Sprays, and Containment Cooling Fan System). The largest
penetrations to be closed are the 48-inch reactor building purge supply and
exhaust ducts.

In this analysis only the closure of the purge isolation valves
was treated. All smaller penetrations and liquid flow paths were not .r:lyzed
since their contribution to offsite dose consequences would be comparatively
small.

N.T. SYSTEM DESCRIPTION

The majority of the reactor building isolation system is passive. Most
containment isolation valves are locked closed or normally closed. The valves
which are not locked closed receive a signal to close from the ESAS when a
pressure greater than 4 psi is detected within the containment. Oniy two
containment penetrations are normally open. The 48-inch reactor building
purge supply and purge exhaust ducts are frequently open while the reacter is
at power. Two valves, one ;neumatic, one motor operated, are in each line
on opposite sides of the containment wall. The pneumatic valve is held open
by instrument air. If air pressure or control power to the valve operator is
lost, the valve will automatically close. The motor operated valve must be
driven closed.

The valve operators on the 48-inch butterfly valves located outside
of the reactor building are of the spring return air cylinder type with the
spring driving the valve closed. Each pneumatic valve is controlled with
two 3 way solenoid valves, either capable of pernitting the valve to close
in two seconds maximum time. These valves on the exterior of the reactor
building are in areas totally protected from damage by missiles or pipe and
equipment rupture.



The valve operators on the valves located on the inside of the

reactor building are electric motor driven with a totally enclosed, non-
ventilated type motor and gear drive. The valves close in five seconds
maximum time. Both internal and external valves are capable of satisfactory
performance in the post-accident ambient.

The system has interfaces with the ESAS reactor building isolation
and cooling circuits, radiation detection circuits and 480VAC from ES MCC
3A1, unit 8A. The ESAS and high radiation signal affect both penumatic and
motor operated valves, while only the motor operated valves have an interface
with the 480V AC power. |

The following critical design requirements were Epplied to the four
48-inch purge isolation valves:

a. Exterior valves:

o Must be capable of closing against a differential
pressure of 55 psig.

® Must close fully in 2 seconds.
e \Uhen closed, the valve must seal bubble-tight, that
is, no air bubbles appear in a pool of water, with
63.3 psig air pressure applied across the closed
face.
b. Inte-ior Valves:

e Must be capable of closing against a differential
pressure of 55 psia.

® Must close fully in 5 seconds.

e When closed, the valve must seal bubble-tight under
the same conditions as above.
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N.1.2 SYSTEM OPERATION

The reactor building isolation system is actuated by either the
Engineered Safeguard Actuation System (ESAS), or by manual action. High
radiation in the reactor purge line will close the purge valves. Upon
receipt of the ESAS signal (Reactor Building Isolation and Cooling, RBIC) all
system valves which are not manually operaited (and locked closed) are com-
manded closed.

The ESAS will generate a closure signal to the valves when a
reactor building pressure exceeding 4 psi is detected. A second signal,
generated from a hiah radiation detector in the reactor building purge
exhaust line, will also allow valve closure. Manual actuation from the
control room is a third method for closing the valves.

It should be noted that for small LOCAs, (B4), only manual
operations or operation by the radiation detection circuits is possible.

The radiation detection circuit is a single train system con-
taining no redundancy.









RBIS

J e E TR
Double Common
Failures Mode

SRR T
Rk SRR e N

Reactor Bu1]d1ng Reactor Building
Purge Supply Purge Exhaust Radiation
Line Fails to Line Fails to Monitor Circuit Actuation Not
Isolate Isolate Fails Performed
—— iy jramn
(w O Common Mode
~ — 4 psi Pressure
h[ Switch Does Not
Actuate
= e T e ] (Note 1)
AHV- (D AHV-1A r AHV-18
Pneumatic Pneumatic MOV Fails
valve Fails to Valve Fails to to Close
__Close _Llose e
R s
[ AHV=1C
MOV Fails
to Close

NOTES: 1. From ESAS Fauit Tree

Figure N.1 Simplified Fault Tree Reactor building Isolation System
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N.3 SYSTEM QUANTIFICATION

N.3.1 SYSTEM RELIABILITY CHARACTERISTICS

For large LOCAs (B1, B2, B3) the failure to isolate the containment
is determined by the failure of a. least one isolation valve to close in the
purge supply and in the purge exhaust line.

For small LOCAs (B4) the dominant contridbutor is failure to initiate
containment isolation by a high radiation signa’ an< the operator fails to
manually isolate the cortainment. Other contritutor: are several orders of
magnitude smaller.

N-7




N.3.2 SYSTEM FAULT TREE QUANTIFICATION

This section presents the quantification of *he RBIS failure
to isolate the containment after a LOCA. Two modularized fault trees, using
the simplified fault tree in Figure N.1, were conctructed to accommodate
different LOCA sizes. One modularized tree represents large LOCAs (B1,B2,B3)
and the second represents small LOCAs (B4). The distinction is necessary
since the 4 psig reactor building pressure was assumed not to be reached after
a small LOCA. Therefore, only an operator action will initiate containment
isolation; high radiation in the purge line will close the purge valves.

Table N.1 shows the RBIS success requirement. Table N.2 contains
the top event definitions for the modularized fault tree. The medularized
trees are shown in Figures N.2 and N.3. On the trees, the unavailability of
each gate is shown. Table N.3 shows the Boolean equations that represent
the fault trees and Table N.4 shows the quantificc®ion of each gate by

component and failure mode. The point estimates for each gate are summarized
in Table N.5.



SUCCESS_REQUIREMENTS

INITIATOR TRAINS
B1,82,83,B4 1/2, taken twice
(at least one of
two valves in each
lTine must close)
NOTES
1 Both the reactor building purge supply and exhaust lines

Table N.1

Reactor Building Isolation System

must be closed within a specified time.
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Table N.Z Reactor Building Isolation System

|
i TOP EVENT DEFINITIONS
|

BOOLEAN
REPRESENTATION TOP_EVENT
; CIS Containment Isolation
. fails
CIS* Containment Isolation
fails
NOTES
] CIS applies to large LOCAs (B1,B2,B3)
2 CiS* applies to small LCCAs (B4)
{
t N-10







CPI ¢

No High No ESAS Operator Fails
Radiation Signal to Isolate
Isolation Sianel (RBICS) Containment
1.0 E-2 1.3 E6 0.1

Figure N.2 (2/2) Modularized Fault Tree for Event "CPI"






Table N.3 Reactor Building Isolation System

BOOLEAN EQUATIONS BASED ON MODULARIZED FAULT TREE
TOP EVENT NOTES

B1,B2,B83 - LOCAs:

CIS = CPS + CPE + CPI
B4 - LOCAs:

CIS* = CPS + CPE + CPI[*

INTERMEDIATE EVENTS

B1,82,83 - LOCAs:
CPI = C6-C5-CO1
B4 - LOCAs:

CPI* = C6-COI

all LOCAs:

CPS = C1 * C2

CPE

C3 - C4

N-14
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CORPONENT

oV AnV-1C
CIRCUTT BKR

#wv AIV-1D

*NON LOSP
**Losp

(AC-TRAIN A FAILS (ACA)
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CONTAINMENT PURGE SUPPLY LINE PEMAINS
OPEN AFTER LOCA (HARIWARE FAULTS)

MOTOR OPERATED VALVE AHV-1C FAILS T0
CLOSE

FAILS TO CLOSE
FAILS TO CLOSE

NON LOSP
LOSP

AIR OPERATED VALVE AHV-1D FAILS TO
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e i i s e 1 et e

UNAVATLABILITY
OR, PROBARILITY
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!.2 E‘2
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EVENT | COMPONENT EVENT OP FAULT DESCSLTICH P e J L3 TR iyt eToa
CPE CONTAIRMENT PURGE EXHAUST LINE REMAINS 6.0 E-7°
OPEN AFTER LOCA (HARIWARL FAULTS) 1.0 E-5°**
8 MOTOR OPERATED VALVE AKV-1B FAILS TO 2.0 E-3*
CLOSE 3.4 F-2°
MOV AHY-1B FAILS TO CLOSE 1.0 £-3 L o
CIRCUIT BKR FAILS TO CLOSE 1.0 -3 3, 3
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NON LOSP e
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(v AIR OPERATED VALVE AHV-1A FAILS T0
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Table N.4 (4/4) Event "CPI*" Quantification
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Table N.5 RBIS - Quantification Summary

|

BOOLEAN

| VARIABLE

e e ——

Cl

% 2
c3

c4
c5
cé
€01

(- SR =

POINT
ESTIMATES

!
|
|
l

0 E-3*
E-2%*

4

3.0 E-4
0 E-3*
4

3.0 E-4

1.3 E-6
1.0 E-2

i

i

*Offsite power available

**()ffsite power not available
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EMERGENCY FEEDWATER SYSTEM (EFS)
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APPENDIX P EMERGENCY FEEDWATER SYSTEM (EFS)

P.l SYSTEM DESCRIPTION AND CPERATION

The purpose of the Crystal River Emergency Feedwater System (EFS)
is to backup the Main Feedwater System (MFS) in removing post shutdown decay
heat from the reactor coolant system via the steam generators. During
normal shutdowns the MFS is throttled down to a level capable of removing
decay heat and the EFS is not utilized. However, if the plant shutdown is
caused by a loss of the MFS or if the MFS is lost subsequent to the plant
shutdown, then the EFS is put into operation. It is important to note that
only in the B&W PWR design is it possible for the MFS to throttle down and
remain on line for all shutdowns except those caused by failures in the MFS.
Other PWR designs trip the MFS whenever the turbine trips before the reactor,
placing the "auxiliary" feedwater system (their backup system) into operation
in the majority of shutdowns. This explains why the backup feedwater system
at Crystal River is labeled emergency rathcr than auxiliary.

P.1.1 SYSTEM DESCRIPTION

A diagram of the Crystal River Unit 3 EFS is presented in Figure P.1.
The system consists of two interconnected trains, each capable of supplying
emergency feedwater to either or both steam generators under automatic or
manual initiation and control.

WATER SOURCES

The primary water source for both trains of the Crystal River EFS
is the Condensate Storage tank, CDT-1. Water is provided to the pumps through
six-inch branch lines which are fed from CDT-1 by a common eight-inch line.
Each six-inch branch line contains a normally open AC-powered valve and the
common eight-inch line contains a locked-open manual valve.

A reserve of 150,000 gallons is maintained within the tank and is
verified by control room indication of level, control room annunciation on
low level, and Technical Specification requirements.

P-1



An alternate, non-seismic qualified source of water is available
for £FS use from the main condenser hotwell. Water is provided to the pumps
through eight-inch branch lines which are fed from the hotwell by a common
eight-inch line. Each eight-inch branch line contains a normally-closed
DC-powered valve and the common eight-inch line contains a normally-open
manual valve. The DC-powered valves are interlocked such that they can be
opened only if at least one of the two DC-powered vacuum breaker valves is
open.

PUMPS AND DISCHARGE CROSS-TIES

The pumps in both trains are Ingersol-Rand centrifugal horizontal
split multi-stage type and are each rated at 740 gpm with a design recircu-
lation flow rate of 20 qpm. Thus each pump is capable of delivering 720 gpm
against maximum OTSG pressure to the discharge piping supplying both steam
generators.

The Train A pump (EFP-2) is turbine-driven, capable of receiving
motive steam from either OTSG or from the auxiliary steam supply from fossil-
powered Units 1 and 2. The Train B pump (EFP-1) is motor-driven, powered from
diesel-backed ES bus 3A.

The pumps are interconnected at their discharge by separate cross-
ties, each containing a normally open DC-powered valve and a check valve.
In addition, there is anothor cross-tie containing two normally closed manual
valves.

FLOW CONTROL VALVES

The flow of emergency feedwater to steam generator A (B) is con-
trolled by pneumatic valve FWV 40 (FWV-39). During automatic EFS initiation
and control, this valve is under control of the Integrated Control System
(ICS) via electric to pneumatic converters. Control for this valve, including
manual control, will be described in greater detail in the Instrument and
Control section.



Valve FWV-40 (FWV-39) functions both as the emergency feedwater
flow control valve and as the startup feedwater flow control valve. During
low power operation, flow from the main feedwater pump passes through FWV-41
(FWV-42), is controlled by FWV-40 (FWV-39), and returns to the main feed-
water header through FWV-36 (FWV-33); FWV-35 (FWV-34) is closed to prevent
this flow from entering the emergency feedwater nozzles.

STEAM SUPPLY FOR EFP-2

Steam for the turbine-driven pump (EFP-2) is extracted immediately
downstream of both steam generators. This steam must pass through a
normally-open DC-operated stop-check valve (MSV-55 or 56), a check valve
(MSV-186 or 187), and a normally closed DC-operated stop valve (ASV-5).
Initiation of the turbine-driven pump is accomplished by opening this stop
valve. Initiation signals are described in the Instrument and Control
section.

In addition, an alternate source of steam is available from fossil-
powered Units 1 and 2 which connect immediately upstream of ASV-5. Lineup
of this source requires local, manual operation of valves at Unit 3.

OTHER SYSTEM FEATURES

The primary components for EFS operation following a loss of the
main feedwater system are described above. There are additional system
features, however, which affect overall system performance. These features
are described below:

Steam Line Rupture Matrix: This feature is a redundant
Class IE logic matrix that senses low steam generator
pressure and isolates the generator with low pressure by
closing main steam isolation valves, main feedwater
isolation valves and emergency feedwater isolation valves
FWV-35, 36, and 162 for SG-A or FWV-33, 34, and 161 for
SG-B.
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Remote Manual Bypass Valves: A Remote-manual, normally
open, DC powered bypass valve is provided in each EFS
supply line to the steam generators (FWV-162 for SG-A
and FWV-161 for SG-B). These valves provide a back-up
means of controlling EFS flow should the ICS-controlled
valves (FWv-40, 39) fail for any reason. They are pre-
throttled to provide approximately 550 gpm to each steam
generator at design pressure.

VALVE INDICATIONS AND OPERABILITY

A1l AC- and DC-powered vilves fail "as is" on the loss of electric
power. A1l such valves shown in Figure P.1 are controllable from the control
room and their position is indicated in the control room. Power for the
indication and control of these valves is derived from the power source for
the respective valve motors. Only four valves (EFV-4 and 8 for SG-A and
EFV-2 and 7 for SG-B)arve AC-powered (non-vital) and they are normally open.

The pneumatic flow control valves (FWV-40, 39) will fail "as is" on
loss of supply air pressure. Ar air lock is provided that senses low air
pressure and de-energizes a solenoid valve to lock the existing air pressures
across the control valve piston. An air reservoir is provided for each
valve which allows remote-manual opening of the control valve when nc .al
supply air is lost. This is accomplished using DC-powered solenoid valves
to direct air from the reservoir to the underside of the control valve piston
while venting the top of the piston. Loss of power to the electric/pneumatic
converters will result in the valves assuming a position of approximately
hal f-open.

In addition to the backup air supply, further reiiability is achieved
by the provision of remote-manual DC-powered valves (FWV-162, 161).

SYSTEM INTERFACES

Cooling Systems

Cooling water for the EFS pumps is required for successful operation
of the EFS. At the time the analysis was performed, both pumps were cooled



by water provided by the Nuclear Services Closed Cycle Cooling System (NSCCCS),

B e B i

which thus creates an undesirable AC-power dependency for this system. Florida

Power Corp. had recognized this dependency and proposed to eliminate it by
modifying the pump cooling design to make both pumps self cooled.* For this
reason, the analysis herein assumes the EFS pumps are self-cooled.

The pumps are separated by a missile wall and are located in the
intermediate building. The intermediate building is cooled by two 100%
air fan subsystems. The main steam lines also run through this building
at an elevation above the pumps. Missile protection is provided by internal
building structure but the pumps and steam lines are in air communication.

Lubricating System

Lubricating oil for the EFS pumps is an integral system powered by
the pump shaft, and requires no electrical input.

Electric Power Systems

Simplified diagrams showing power distribution for the EFS are shown
in Figures P.2 through P.4. The motor-driven emergency feedwater pump
(EFP-1) AC power interface is shown in Figure P.2. EFS automatic start
control circuit power dependencies are shown in Figure P.3. It can be
noted from Figure P.5 that DC power is required to close the breaker for the
motor-driven pump. DC-powered EFS valves are powered as shown in Figure P.3.
AC-powered valves (EPV-3, 4, 7, and 8) are not diesel backed and are powered
as shown in Figure P.4; these valves are normally open and fail "as is"
on loss of power. Flow paths from each pump to both steam generators are
available without any valve repositioning.

*FPC has indicated that both the turbine-driven and electric-driven pumps
will be modified. It is noted, however, that only the modification to the
turbine-driven punp will cause a significant improvement in predicted
system reliability.
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In the event of loss of main feedwater induced by loss of offsite
power, the motor-driven EFS pump (EFP-1) will not start automatically; it
must be manually loaded on the diesel. Loss of offsite power will also
result in a loss of normal air supplies but backup is available as previ-
ously described. The follow up action in the plant operating procedure for
loss of offsite power requires manual loading of air compressors on the
diesels.

In the event of a total loss of AC power (offsite and diesels),
the EFS flow will be initiated through the DC-powered steam supply valve
and the turbine driven pump.

INSTRUMENTATION AND CONTROL

Initiation Logic

A simplified diagram of EFS initiation is shown in Figurc P.5.
This diagram is functional in nature and does not represent actual hardware.
The actual logic is contained in relay racks and the individual component
controllers. Automatic initiation will occur whenever one of two conditions
exists: loss of both main feedwater pumps or low level in both steam generators.
The non-redundant single train logic in the relay cabinets de-energizes a
relay to initiate the EFS. A loss of the vital 120VAC source powering these
cabinets wiil also cause initiation. The automatic initiation will open
ASV-5 and MSV-55 (MSV-55 and 56 are normally open) to start the turbine-
driven pump. The initiation signal also causes the circuit breaker tec start
the motor-driven pump provided the two interlocks described below are
satisfied. Once a pump is started, EFS flow will exist since the flowpaths,
including the discharge cross-connects, are normally open.

In addition, the motor-driven pump is interlocked to prevent automatic
start unless offsite power is available on the ES bus and one of the suction
valves (EFV-2 or 3) is open.



A key-operated bypass is provided to prevent inadvertent initiation
of the EFS when the main feedwater pumps are secured during normal startups
and shutdowns. This bypass feature does not have automatic removal but it
is under administrative control. Initiation on low steam generator level
is provided as a backup means of ensuring EFS initiation and this actuation
feature is not bypassed.

Flow Control

Normal control of EFS flow is achieved with flow control valves
FWV-39 and 40. The ICS senses the loss of main feed pumps or low level in
the steam generators and opens the EFS Block Valves (FWV-34 and 35) and
closes the Main Feedwater Connections (FWV-33 and 3€). This directs EFS
flow tnrough FWV-39 and 40 to the upper nozzles in the steam generators.

FWV-39 and 40 are pneumatic-operated valves and are normally
controlled by the ICS via electric/pneumatic converters. The ICS adjusts
these valves to attain and maintain one of two steam generator level set-
points, depending on reactor coolant pump (RCP) status. If the RCP's are
running, the low level is maintained. If the RCP's are off, the high set-
point is maintained in order to promote natural circulation in the reactor
coolant system. A loss of the ICS control signal will result in the valve

failing to a position approximately 50% open. On loss of supply air pressure,

the valve will fail "as is", which, depending on SG level at the time of
failure, could be the closed position. *

In addition to the backup provisions for FWV-39 and 40, DC-powered
bypass valves (FWV-161 and FUV-162) are provided. These valves are pre-
throttled to allow a flow rate of approximately 550 gpm to each steam gen-
erator, to ensure flow is established should FWv-34, 35, 39, or 40 fail.
Once EFS initiation occurs, the operator will verify proper operation of the
normal flow control path and then close FWV-161 and 162. Failure to close
these valves could result in a rapid cool down transient.

*However, each valve has associated with it an air accumulator allowing
for 2-3 full valve strokes.



Instrumentation

The availahility of several important instrument indicators in
the control room for three specific incident initiators is tabulated

below:
Loss of MFW Due to Loss of
Loss of Loss of Offsite A1l AC
Indication MFW Power Power
COT-1 level Yes No No
COT-1 level alarms Yes Yes Yes
EFW flow Yes Yes Yes
Valve positions Yes Yes* Yes*
0TSG Tevel Yes Yes Yes
OTSG level alarms Yes Yes Yes

*for all except AC-powered valves ESW-3, 4, 7, 8

Steam Line Rupture Matrix

Operation of the EFS can be affected by the steam line rupture
matrix (SLRM).

The SLRM detects low steam pressure in either steam generator and
will isolate a generator if a low pressure condition exists; low pressure
must be detected by two pressure switches, one set at 725 psig, the other
at 600 psia (see Figure P.6). The isolation signal will cause closure
ot the main steam isolation valves, main feedwater isolation valves, and
emergency feedwater isolation valves for the affected steam generator.

The SLRM is a safety-grade system provided with battery-backed
power and coincidence logic in the actuation circuitry. Inadvertent
actuation of the SLRM could cause isolation of one steam generator,



OPERATOR ACTIONS

For a loss of MFW, no operator action is required to establish EFS
flow. The operator will verify proper flow control and adjust FWV-161 and
162 as required. Certain failures (e.g., mispositioned valves, pump fail
to auto start, etc.) have the potential of being corrected from the control
room.

The only significant differences for a loss of MFW induced by
loss of offsite power are as follows:

a. The motor-driven pump must be manual’, loaded onto the
ES bus (from the control room).

b. Failure involving AC-powered valves EFW-3, 4, 7, or 8 would
require local manual correction since they are not attached
to an emergency bus.

In the event of total loss of AC power, the turbine-driven pump

would start automatically and all the DC-powered valves would be operable
from the control room.

Testing

The ability of either of the two H>umps to deliver a minimum
of 550 gpm to either steam generator with the reactor at power is verified
every eighteen months (Procedure PT-123). The ability of both pumps to
start automatically upon receiving the actuation signals is verified
during hot shutdown every eighteen months (Procedure PT-122). Both pro-
cedures verify that the EFS can be controlled independent of the ICS.
Additional automatic actuation is also verified during cold shutdown at
which time automatic valve actuations by the ICS are tested (Procedure SP-416).

EFS valves are cycled once each quarter. After cycling they are
verified to be in the correct position by two independent valve lineup
checks. Valves with position indication in the control room are verified
to be in the correct position daily. A monthly operability check of each
pump is performed using the normal recirculation flow paths (Procedures
§P-349 and SP-350). These checks, made on a staggered schedule for the two
pumps, confirm the pumps cabability to produce the requived pump discharge
pressure. These checks require closure of the associated stop-check valve
(EFV-7 or EFV-8). Following the tests, proper valve lineup is ensured by
two independent checks.
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Maintenance

Maintenance acts which require isolation of one component in the
EFS occur about every quarter. The EFS has 14 active components (AOV's,
MOV's, pumps) capable of being isolated without violating technical spec-
ifications (e.g., isolation of EFV-3, EFV-4, MSV-55, MSV-56, FWV-39, or
FWV-40 would violate technical specifications). Isolation is achieved by
closing the appropriate upstream and downstream valves from the component
under maintenance.

Technical Specification Limitations

The limiting condition for operation of the EFS requires that
two independent emergency feedwater pumps and associated flow paths be
operable with:

a. One emergency feedwater pump capable of being powered from
an operable emergency bus.

b. One emergency feedwater pump capable of being powered from
an operable steam supply system.

[f one emerqgency feedwater system becomes inoperable, it must
be restored to an operable condition within 72 hours or the plant must be
placed in hot shutdown within the next 12 hours.

The technical specifications also require the availability of
150,000 gallons of water in the condensate storage tank {CDT-1) for EFS use.
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3.2 SYSTEM OPERATION

The simplified schematic of the EFS presented in Figure P.1
shows that the EFS is a two train system with a steam driven turtine
pump train and an electric pump train. The pump trains draw water from
either the condensate storage tank (preferred) or from the condenser hot-
wells and deliver to the steam generators. Either pump can feed either
steam generator through interties at the pumps' discharge. Steam required
to operate the turbine pump is extracted from either steam generator up-
stream of the four main steam isolation stop valves.

Buth pump *rains are started auiomatically following all loss of
MFW events which do not involve offsite power. The pumps may also be
started manually from the control room. For loss of offsite power cases,
the turbine pump train starts automatically but the electric pump is started
manually from the control room. Successful operation of the EFS requires
full flow from one pump to the secondary side of either steam generator and
discharge of the generated steam to either the condenser or atmosphere. It
is also required that either forced or natural circulation be maintained on
the primary side of the steam generator receiving the EFS coolina. If this
is not established, the decay heat produced by the reactor will nct be
transmitted to the secondary side of the steam generators.
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Pt SYSTEM SIMPLIFIED FAULT TREE

The top event representing the failure definition is "EFS Fails
to Remove Reactor Coolant System Decay Heat Via One of Two Steam Generators".
EFS failure therefore occurs if both pump trains do not provide adequate
flow (550 gpm initially) to the secondary side of either steam generator.
The simplified EFS fault tree is presented in Figure P.7.

MAJOR ASSUMPTICNS

The assumptions made during the development of the EFS simplified
fault tree include:

1. Component outages due to maintenance are considered on
active components only.

2. Component outages due to test are generally negligible,
All active valves are cycled quarterly and the test
duration is short enough to cause a negligible outage.
However, during monthly tests of the pumps, valves
EFV-7 and EFV-8 are closed for a much longer period
and the test outage was therefore considered.

3. No common mode coupling was assumed between valves
which have open and closed status indication in the
control room. All of these valves undergo a status
check by the operators at least once per shift. Common
mode coupling was considered between certain groups
of manual valves however.

4. Although separate control circuits are provided
within the ICS to control the flow of EFS to
either of the steam generators, the ICS was assumed
to consist of only a single control device with
signals to both EFS trains. This approach was
taken due to the complexity of the ICS and the
time Timitations imposed on this study.

5. Credit was given for an alternate water source from

the hotwell should suction be lost from the con-
densate storage tank (see also quantification tables).
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Although an alternate source of steam is available
to the turbine-driven pump from fossil-powered Units
1 and 2, this was not considered in the analysis.
Use of this steam requires operation of manual
valves in Unit 3.

Intermediate building cooling is not important to
the operation of the EFS pumps since the large
building would probably heat up relatively slowly
if cooling was lost. Also, the electric pump
motor windings are forced air cooled through a
NSCCCS heat exchanger which is independent from
the intermediate building cooling system.
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P, SYSTEM QUANTIFICATION

P.3.1 SYSTEM RELTABILITY CHARACTERISTICS

The Crystal River EFS is basically a two train system with system
success defined as successful operation of one of the two trains. Motive
power diversity is achieved by employing a turbine-driven pump in Train A
and a motor-driver pump in Train B. The turbine-driven pump is self-cooled
50 system operation . not dependent on AC power. However, DC power is
required to open the turbine-driven pump steam admission valve (DC Train B).

For cases where off-site power is available, the unavailability
of the EFS was assessed to be principally due to maintenance outages,
combinations of hardware failures on both Train A and Train B (double failure),
and operator error. Each of these factors is responsible for approximately
equal contributions to total system unavailability. For cases where off-
site power is lost, the principal contributors to system unavailability
are double hardware failures and maintenance outages, which are about an
order of magnitude larger than in the non-LOSP case. These contributions
are larger here primarily because of the large diesel failure rate, which
raises the unavailability of Train B (the motor-driven pump train). Thus,
the ‘Luuie failure combinations are dominated by diesel failure and failure
of the turbine-driven pump. Turbine-driven pump failure rates were assumed
to be about an order-of-magnitude higher than motor-driven pump failure
rates - see fault tree quantification tables, and notes for additional
details.
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P.3.2 SYSTEM FAULT TREE QUANTIFICATION

Two modularized fault trees were constructed for the EFS, one
for the case where offsite power is available, and one for the LOSP case.

Table P.1 shows the EFS success requirements with attached notes.
Table P.2 contains the top event definitions for the two modularized fault
trees. Figures P.8 and P.9 show the two EFS fault trees in terms of
the major gates. A point estimate unavailability is shown on these trees
for each gate and for the system. Table P.3 shows the Boolean equations
that represent the EFS fault trees., Table P.4 shows the quantification of
each gate, by component and failure mode for the two fault trees. The
attached notes explain the assumptions used in the quantification. Table P.5
summarizes the point estimates for each gate.
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Table P.1 EFS - System Success Requirements

INITIATOR TRAINS NOTES
Ty = TZA 1/2 ]
Ton 1/2 2

NOTES: 1. This group of initiators involves loss of main feedwater by
any means other than loss of offsite power. A separate tree
is developed for this set of initiators, although the success
requirements are the same as for the loss of offsite power case.

2. This initiator is loss of main feedwater due to loss of off-
site power. A separate tree is developed for this initiator.
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BOOLEAN
REPRESENTAT ION

EF1

EF2

Table P.2 EFS Top Event Definition

TOP_EVENT NOTES

Failure of EFS to provide at least
1/2 pump flow to at least 1/2 OTSGs -—-
given offsite power is available.

Failure of EFS to provide at least

1/2 pump flow to at least 1/2 OTSGs -—
given offsite power is not available.
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(0ffsite Power Available)
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Table P.3 Emergency Feedwater System

BOOLEAN EQUATIONS BASED ON MODULARIZED FAULT TREES

TOP_EVENTS

EF1 = EO1 + E4 + EA-EB + EA-EM2 + EB-EM] + E3-EQ2

EF2 = EO1 + E4 + EA-EB* + EAEM2 + EB*EM] + E3-E02

INTERMEDIATE EVENTS

EA = E1 + EX]
2] E2 + EX2
EB* = E5 + EX2

EX1 = DCB
EX2 = ACA + DCA
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EVENT l COMPONENT

MOV EFV-11
MOV EFV-32
MOV ASV-5
MOV EFV-8
EFP-2

MOV EFV-14
MOV CFV-33
MOV EFV-7
EFP-1

COV-103
'OPERATOR

EVENT OR FAULT DESCRIT'TION

SYSTE! INTERFACE FAULTS (now LosP)
DC PCYER TRAIN A FAILS
NON LOSP

AC TRAIN A FAILS
NOM LOSP
LosP

TRAIN A MAINTENANCE AND TEST OUTAGES

OUT FOR MAINTENANCE
QUT FOR MAINTENANCE
OUT FOR MAINTENANCE
OUT FOR MAINTENANCE
QUT FOR MAINTENANCE

TRAIT B MAINTENANCE AND TEST OUTAGES

QUT FOR MAINTENANCE
OUT FOR MAINTENANCE
OUT FOR MAINTENANCE
OUT FOR MAINTENANCE

SUCTIO4 LINE FAULTS
VALVE PLUGGED
FAILS TO RECOVER

| rFarLure
Rns na 1)

- e -

17729
/720
17720
17720

J/720
17720
Q7729
| 1720

|

|
|
|
|
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NN NN
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9.7 £-4 I 33 r | 1 |
9.7€4 | 3| m | 1 |
9.7 £-4 b33l a4 | 10 |
9.7 £-4 | 3%, 3| * 10 |
2663 | 37| on s
=6,5 E-3 i
. 5.5E-3 | 2% 3 W 7. 8
L o7Ea 3,3 o 10
9.7 -4 | 3*, 3" N 10 !
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5.5 E-3 |
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1.0 E-4 3*, 5
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ev&m _onbonEn] EVENT OR FAULT DESCRIPTION ,’;‘;‘E e ,,1 nueiﬁ‘é;(m) 1 “:" m;t:}: : FATTaR | SENS. ' woTEs -i
/ S 1 e s, AP R TR
: tsvsrm miwce FAULTS (Lose) | ] N ¥ TS S i
o DC PONER TRAIN & FAILS | | | { :
I I : ' ‘ ,'
| | Lose | ; 5263 | | |
ACA |AC TRAIN &  [AC TRAIN A FAILS ' ‘ ‘ ! i
NON LOSP ) t ; ‘
Lose | 2 2¢€-2 . i
e ' TRAIN A PAISTEAANCE 8D TEST OUTAGES | 6.5 E-3 crlw L as |
| NOV EFV-11 OUT FOR MAINTENANCE | | 7 T i e ¥ | i ! |
:; WOV EFY-32 OUT FOR MAINTENANCE T 7 9.7 E-4 5 8 B |
oy Asv-5 OUT FOR MAINTENANCE ] 14729 7 { 9.7 E-4 ' S R ! |
| MOV EFV-3 OUT FOR MAINTENANCE I L0 B 7 . i S 1 .3 00 | 10 |
{EFP-2 OUT FOR MAINTENANCE Q720 | 19 '| B _23 _Ei S T ’ # 8
' ; | 6563 | , |
TRAIN B BAINTENARCE MWD TEST OUTAGES | | l SSE3 [ I K | L8
OUT FOR MAINTENANCE 17729 7 9.7 £-4 3, 3" \ L I
DUT FOR MAINTENANCE /720 ' 7 : 9.7 E-4 3,31 @ 19
OUT FOR MAINTENANCE e l 7 [ 97E+% > 3| N 10
OUT FOR MAINTENANCE A Vs B S | 2.6 E-3 | 35,3 & | @8
f ! SS5E3 | |
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i VALVE PLUGGED 5 | CL0Ed *, 3 |
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Table P.4 Emergency Feedwater System

QUANTIFICATION TABLES

NOTES

1

10

This fault was assessed as an inadvertent act of commission (1.0 E-3/
year) since the valve is not closed by any procedure. The valve is
checked once per shift, Therefore, the fault exposure time is 8
hours. The fault is therefore assessed as (1.0 E-3)(8/8760)=1.0 E-6.

This valve is closed on monthly test. The basic act of leaving
the valve closed was assessed as 1.0 E-2/month. The valve is
checked every 8 hours; so the fault duration time is 8 hours.
Therefore, the fault was assessed as (1.0 E-2)(8/720)=1.1 E-4.

The basic fault of leaving auto actuation of steam admission valve
ASV-5 locked out was assessed as 1E-3. An additional probability

of the operator failing to recover of 0.1 was assumed. The totai
fault was assessed as 1.E-4. The fault probability could be lower
because the auto actuation is verified to be in AUTO once every shift.

The demand probability for the turbine fails to start was obtained
from NUREG/CR-1205 (Reference P-1) which contains a summary of
B&W turbine pump failure rates.

The turbine pump failure rate was obtained from Appendix III of
WASH-1400 since Reference P-1 did not contain data for turbine
failure to run.

This is a similar fault to that described in Note 3, except that
the electric-driven pump auto actuation is locked out.

Test outages were assessed to not contribute to system unavailability
since valves EFV-3,4,7, and 8 open automatically on receipt of an
actuation signal.

Maintenance outages were assessed by assuming one train outage
every 2 months. This outage was converted to a component outage
frequency of 0.1/month. Average maintenance outage times of 7
hours for valves and 19 hours for pumps were assumed.

The operator could recover here by transferring suction from the
condensate storage tank to the hotwell. DC valves EFV-1 and EFV-2
would have to open to supply their respective train.

It was assumed that valve maintenance would require isolation of
the valve being maintained by closing valves on either side of the
maintained valve.
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Table P.4 Emergency Feedwater System (con't)

QUANTIFICATION TABLES

NOTES

11 Operator is required to load motor pump EFP-1 on to AC bus (Train A)
after D.G. A starts, this fault was assessed as 1.E-3 with 10%
chance that he would recover.

12 Auto-actuation faults in E1 and E2 and the fault EOl1 are separate
events. The former two are associated with individual trains, while
the latter refers to the entire system. The fault probabilities
indicated are probably very conservative since auto-actuation is
verified once each shift and is monitored in the control room.

References

P-1 "Data S:mmaries of Licensee Event Reports of Pumps at U.S.
Commercial Nuclear Power Plants, January 1, 1972 to April 30,
1978," prepared Ly W. H. Sullivan and J. P. Poloski, EG&E Idaho,
Inc., for the U.S. Nuclear Regulatory Commission, (EG&E Report
No. EGG-EA-5044) NUREG/CR-1205, January 1980.
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Table P.5 EFS - Quantification Summary

BOOLEAN . POINT
VARIABLE ESTIMATES
T B0l 1.0 E-4 |
E03 1.0 E-3
E04 0.1
£4 1.0 E-5
El 2.2 E-2
DCB e*
3.2 E-3**
E2 3.5 E-3
DCA c*
3.2 E-3**
ACA g™
3.2 E-2%* |
EM1 6.5 E-3
EM2 5.5 E-3
E3 1.0 E-4
E02 3 |
ES 3.6 E-3

*Offsite power available
**Offsite nower not available
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