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APPENDICES: SYSTEM DESCRIPTION AND FAULT TREE ANALYSES

|

INTRODUCTION

|

| This Volume consists of a collection of Appendices of system

j descriptions and fault tree analyses, including the unavailability quantifi-
'

cations for all systems designed to mitigate accident consequences and the
auxiliary systens which support the " front-line" systems. The various
systems are individually presented in Appendices A through P, which
immediately follow the generic descriptive material below.
This introductory material and discussion is provided to assist the reader
in understanding the overall structure of the c.R-3 Safety Study and the
organization and format of the individual Appendices. It is also intended

to explain what kind of infonnation and results the reader can expect to
find in these Appendices.

The flow chart presented in Figure II.l'shows the main steps
involved in the risk assessment of CR-3. It also shows the structure of

Ithe fault tree analysis contained in a typical Appendix . The followina
discussion is a step-by-step account of the quantification process for the
fault tree analysis of each system. The steps are keyed to t'a numbers
shown in diamonds in Figure II.1.

STEP 1 The starting point was the collection, review and
study of plant information to aain a thorough
understanding of the system designs and capabilities,
and interactions between systems.

I In the following discussion, o typical Appendix is generally referred to
as Appendix X.

II- l
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.

2
The main sources of information were ;

Plant Design Information - CR-3 FSAR (11-1)3 System Drawingse
(e.g. , P& ids, One Line Diagrams, Elementaries), FPC System
Descriptions, etc.

e Technical Specifications (II-2)

Plant Visit - gain familiarity with the equipment layoute

!
(possibly common mode failures due to common location);

! extensive discussions with plant personnel about plant
operation, test and maintenance practices, operating
experience, etc.

e Plant Procedures - Examples of procedures used are: Operating ,
Maintenance , Surveillance , Emergency-Procedures , etc.
These procedures (1) provide insight into the general plant
operation and (2) support the operators during abnormal
occurrences (especially the Emergency- Procedures) . The

procedures are also important to the quantification effort
because they describe what is done to the various plant
systems and how it is done.

Expert Opinion and Experience - Collect information one
plant and systems behavior, containment failure modes , etc. ,
from experts available at FPC, B&W, NRC, and National
Laboratories.

Section X.1, the first section of each appendix, summarizes the information

collected during Step h . The intent of this section is to convey to

the reader all information necessary to follow the system's fault tree
q uanti fication.

With the information gathered in Step h the con-STEP

struction of the event trees, based on the system functions
required for accident mitigation, can begin.

STEP The success requirements for each event '.ree heading
(or function) are determined in this step. Where possible,
the requirements are defined in terms of systems.

2Not shown in the chart are the many iterations and exchanges among the
various sources and other project personnel throughout the duration of t:ns
project.

3Numbers shown in parentheses in the text, e.g., (II-1) indicate references.

II-2
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STEP At this point, all the systems, including the supporting
systems, contributing to the mitigation of an accident
ata shown. Special studies, performed in parallel with
the steps described thus far may allow exclusion of
certcin systems from detailed fault tree anlysis. These

special studies and their conclusions are discussed in
Volume I.

STEP Detailed fault trees for all the systems selected in

Step $ are constructed. The definition of the top

event for each tree is based on the success requirements

developed in Step h . The detailed fault trees are
developed for each system to a level of detail sufficient
to identify possible common mode or common cause failures.

STEP Simplified fault trees are developed from the detailed
trees of Step <f . 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 trees which contain only the dominant
cutsets , i .e. , failure combinations, leading to the

6 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

characteris ti cs . The results of the system quantification are summarized

by highlighting the dom:.1 ant contributor, to the system's unavailability.

11-3
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Each of the following steps discussed is cresented in the
Appendix either in table form or as a figure (s) in the logical sequence
of development. Extensive Jse of notes, attached to the tables and

figures as required, was made to explain a1d substantiate entries in the
tables and figures.

Two distinct phases in a post accident environment exist: the

injection phase and, in m^st cases, the recirculation phase. Sections
X.3.2 and X.3.3 contain the quantification for the two post-accident
phases. The steps in the quantification process, which are the same for
both phases, are discussed below. The reason for the construction of

modularized fault trees is discussed in Section 5.1 of Volume I.

STEP ' The appropriate event tree heading success requirements
developed in Step (3) , and presented in Volume I,
Tables 4.4 and 4.6, formed the basis for the definition
of the success requirements for the individual systems.

STEP (8 ', The top events for the modularized fault trees are
defined in this step. The selection of top events for

~

systems and/or system trains is based on Step .

Intermediate top events are frequently defined for
(1) portions of system trains which are shared with
other systems, and (2) for convenience of analysis.

STEP \
Construction of the modularized fault trees consists
of grouping the faults which appear on the simplified
fault tree, step f , by type into modules, e.g. ,
single hardware faults, system interfacing faults, etc.
The construction of the modules is also governed by the
requirements of the sensitivity analysis to be performed.
Some modules have to be separated to accommodate events

of different sensitivity types. The event sensitivity
typesarediscussedinStepclJ:

II-4
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STEP Of The Boolean equations, representing the modularized
fault trees, are developed in this step. The equations
are Boolean reduced by hand whenever practicable; otherwise
a Boolean reduction computer code, such as WAMCUT (II-3),

is used. All crossterms prohibited by Technical Specifications
are eliminated from the reduced equation since the
crossterms represent simultaneous outage of both trains of
a redundant two train system due to test, maintenance,

or any combination thereof. (It is assumed that the plant
does not intentionally violate applicable Technical
Specifications.) The Boolean equations are input to the
event tree sequence analysis.

STEP This step represents the quantification of each module
appearing on the modularized fault tree, The WASH-1400
data base (II-4) is used in general; in a few instances

other data sources are used as indicated in the notes
to the quantification tables.

&

The calculation of maintenance and test outages is
discussed in Section 5.1 of Volume I and is, in several
cases, contained in the notes. Otherwise, standard
methods such as those shown in WASH-1400 (II-4), and
IEEE Standard 352 (II-5), for example, were used to
calculate unavailabilities.

A "D" in the " failure rate" column of the quantification
tables means " demand", and "c" means negligible
contribution. The code for the abbreviations used
for the sensitivity type (or subgroup) in the column
labeled "SENS." is as follows:

0 - Operator Error (defined in Volume I, Section 5.1)

H - Human Error (defined in Volume 1, Section 5.1)

B - Hardware Coupling (defined in Volume I, Section 5.1)

M - Maintenance Outage

S - Selected Components (e.g., components in severe
, environment)
l

II-5
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The last table in Section X.3.2 or X.3 3 is the
quantification summary and contains the cvent
unavailability point estimates. Steps 7

through 11 are repeated for systems required
to operate during the recirculation phase. Step 11
completes the input required to perform the event
tree sequence analysis.

Appendices A and B do not follow exactly the step-by-step outline above.
The simplified fault tree is used in a slightly modified form instead of
a modularized fault tree for the quantification of the Reactor Protection
System (RPS) in Appendix A, and the simplified fault trees are used for the
quanfication of the Engineered Safeguards Actuation System (ESAS) in

Appendix B.

References

11-1 Florida Power Corporation, " Crystal River Unit 3 Nuclear
Generating Plant Final Safety Analysis Report," Docket 50-302,
1971 (as amended through March 26,1976).

II-2 Technical Specifications; Appendix A to the Operating License
for Crystal River-Unit 3.
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Fault Tree Evaluation," EPRI NP-803,1978.

II-4 U. S. Nuclear Regulatory Commission, " Reactor Safety Study-
An Assessment of Accident Risks in U.S. Commercial Nuclear Power
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APPENDIX A REACTOR PROTECTION SYSTEM (RPS)

A.1 SYSTEM DESCRIPTION AND OPERATION

The Reactor Protection System (RPS) monitors parameters related

to reactor operation and trips the reactor by control rod insertion into
the core to protect the core against fuel rod cladding damage. In addition,

it protects against reactor coolant system damage from high system pressure
through rod insertion, thereby limiting energy input to the system.

A.l.1 SYSTEM DESCRIPTION

The RPS consists of control rod assemblies (CRA), circuit breakers,
instrumentation and electronic logic. The logic, in response to input
signals from the instrumentation, shuts down the reactor by removing power

from the control rod drive mechanism (CRDM) motors. The control rods then
drop into the core under the influer,:e of gravity. A schematic of the RPS
is shown in Figure A.l.

There are a total of 69 CRA's, arranged in eight groups including
four safety groups, three regulating groups and one axial power shaping
group. The rod drive control system includes (1) five identical, dual
channel DC supplies which power the regulating and axial power shaping
groups and (2) two DC holding power supplies which power the safety groups.
The DC supplies are fed from two 480VAC, 36 sources; i.e., a main bus and

a secondary bus. Two primary breakers (A,B), two secondary breakers (C,D),
and contactors (E,F) interrupt power to the CRA drive motors when a trip
is commanded.

The trip logic includes four identical channels, each consisting
of logic circuits and trip relays, which maintain the trip breakers and
contactors energized under normal operating conditions. In response to
input signals from sensors (See Table A.1), the channel logic deenergizes
associated trip relays which in turn deenergize the trip breakers and
contactors thereby removing power to the CRDM motors and causing the regulating
and safety CRA's (61) to drop into the core. The axial power shaping rods
do not drop into the core when their associated drive motors are deenergized.

A-1
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CONTROL R0D ASSEMBLY

The CRA includes 16 control rods, mounted in a stainless-steel

spider, and a control rod drive mechanism. The CRDM, which positions
the CRA in the reactor core, is a non-rotating translating lead screw coupled
to the CRA. The screw is driven by split roller nut assemblies which are
rotated magnetically by a motor stator located outside the pressure boundary.
For rapid insertion, power is rer ,ved from the drive motor causing the nut
halves to separate and release the screw and CRA which then drop into the
reactor core under the influence of gravity.

The CRAs are arranged into groups at the control rod drive control
system patch panel . Typically twenty-eight CRAs are assigned to the regulating
groups (Groups 5,6,7,8) while forty-one CRAs are assigned to the safety rod
groups (groups 1,2,3,4) . Group 8 includes eight axial power shaping rod
assemblies which do not drop into the core wnen power is removed from their
drive motors during a reactor trip.

The rod drive control system (RDC), which is shown in Figure A.2
consists of (1) drive motor DC power supplies, (2) system control logic, and
(3) trip breakers and contactors. The DC power system includes four group
power supplies. Identical power supplies
are used for the regulating groups and the auxiliary power supply. The DC
power supplies are fed from two 480VAC, 36 sources; i.e., a main bus and a

secondary bus.

The system logic encompasses those functions which command control

rod motion in tne manual or automatic modes of operation, including CRD
sequencing, safety and protection features, and the manual trip function.
fiajor components of the logic system are the Operator's Control Panel, CRA
position indication panels, automatic sequencer, and relay logic. Switches

are provided at the operator's control panel for selection of the desired

rod control mode. Control modes are: (1) Automatic mode -- where CRA
motion is commanded by an integrated control system; and (2) Manual mode
-- where CRA motion is commanded by the operator. fianual control permits

operation of a single CRA or a group of CRAs. Alarm lamps on the RDC panel

A-2
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alert the operator to the systems status at all times. The group 8 control
rods can only be controlled manually, even when the remainder of the system
is in automatic control. The sequence section of the logic system utilizes
rod position signals to generate control interlocks which regulate group
withdrawal and insertion. The sequencer operates in both automatic and
manual modes of reactor control, and controls the regulating groups only.

Analog position signals are generated by the read switch matrix on the CRA,
and an average group positior, , generated by an averaging network. This
average signal serves as an input to electronic trip units which are activated
at approximately 25 and at 75 per cent of group withdrawal. Two bistable
units are provided for each regulating group. Outputs of these bistables
actuate " enable" relays which permit the groups to be comnanded in automatic
or manual mode. The automatic sequencer circuit can control only CRA groups

5,6 and 7. The safety CRA groups, groups 1-4, are controlled manually, onc

group at a time. In addition, the operator must select the safety group
to be controlled and transfer it to the auxiliary power supply before control
is possible. There is no way in which the automatic sequencer can affect
the operations required to move the safety CRA. Automatic insertion of
rods can only be commanded by the integrated control system when the control

rod drive system is in the automatic mode.

Positioning of regulating CRAs is accomplished by silicon controlled
rectifier switching via a motor driven multichannel photo-optic encoder. The
safety CRAs are positioned via the auxiliary power supply and maintained in the

desired position by the holding power supplies.

Trip breakers and contactors are provided for removing power to the
CRDM motors. The AC power feed breakers are of the three-pole, stored-energy

type and are equi;. ped with instantaneous undervoltage trip coils. Each AC

feed breaker is housed in a separata metal cled enclosure. The secondary

trip breakers are also of the storet-energy type with two parallel-connected
instantaneous undervoltage trip coils consisting of two 2-pole breakers
mechanically ganged to interrupt DC busses. All breakers are motor-driven-

I
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reset to provide remote reset capability. Each undervoltage trip coil is

operated from the Reactor Protection System. The trip breakers are tested
monthly.

TRIP LOGIC

The system shown in Figure A.1 consists of four identical channels,
each terminating in a trip relay within a reactor trip module. The primary
source of AC power for the RPS comes from four vital 120VAC buses, one for
each protective channel. In the normal untripped state, each channel main-
tains the trip relay energized via the closed normally open (N/0) contacts
of bistables associated with the various reactor sensors. Should any bistable

become deenergized the trip relay deenergizes. Each trip relay has four N/0
contacts, each controlling a logic relsy in one reactor trip module. There-
fore, each reactor trip module has four logic relays controlled by the four
channels. The four logic relays combine to form a 2-out-of-4 coincidence
network in each reactor trip module.

Manual trip may be accomplished from the control console by a trip
switch. This trip is independent of the automatic trip system. Power

from the control rod drive power breakers' undervoltage coils comes from
the RT modules. The manual trip switches arc between the reactor trip
module output and the breaker undervoltage coils. Opening of the switches

opens the lines to the breakers, tripping them. There is a separate switch
in series with the output of each reactor trip module. All switches are

actuated through a mechanical linkage from a single pushbutton.

Each channel is provided with two key-operated bypass switches, a
channel bypass switch and a shutdown bypass switch. The channel bypass

switch enables a channel to be bypassed without initiating a trip. Actuation
of the switch initiates a visual alarm on the main console which remains
in effect during any channel bypass. This switch is used to bypass
one protective channel during on-line testing. Thus , during on-line test-
ing the system will operate in 2-out-of-3 coincidences. An electric
interlock circuit prevents placing two channels in Ljpass simultaneously.
The use of the channel bypass key switch is under administrative control.

A-4
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|

The shutdown bypass switch enables the power / imbalance / flow,

power /RC pumps , low pressure, and pressure-temperature trips to be
bypassed, allowing control rod drive tests to be performed after the
reactor has been shutdown and depressurized below the low reactor coolant

pressure trip point. Before the bypass may be initiated, a high pressure
trip bistable - which is incorporated in the shutdown bypass circuitry -
must be manually reset. The set point of the high pressure bistable
(associated with shutdown bypass) is set below the low pressure trip point.
If pressure is increased with the bypass initiated, the channel will
trip when the high pressure bistable (associated with shutdown bypass) trips.
The use of the shutdown bypass key switch is under administrative control.

Each of the four channels is physically separate and electrically
isolated from the regulating instrumentation. The modules, logic, and
analog equipment associated with a single protective channel are contained
wholly within two Reactor Protection System cabinets. Within these cabinets,

there is a meter for every analog signal employed by the protective channel,
and a visual indication of the state of every logic element. At the top
of one cabinet, and visible at all times, is a protective channel status
panel. Lamps on this panel give a quick visual indication of the trip
status of the particular protective channel and of the RT module associated
with'it. Additional lamps on the panel give visual indication of a channel
bypass or a fan failure.

The RPS equipment is designed for continuous operation in a room
environment of 40 F to 110 F and up to 75% relative humidity. All nodules

UI are designed for a 30 F temperature rise inside the equipment cabinets over

the ambient room conditions. Two 100% capacity fans with filter banks and
chilled water coils, two 100% capacity central station type chilled water
systems, and two 50% capacity outside air booster fans are provided for
environmental control of the equipment area.

A-5

.. o



_ _ _ _ _ _ _ _ _ - - _ . _ - . . __

A.l.2 SYSTEM OPERATION

The coincidence logic contained in the RPS channel A controls
trip breaker A in the control rod drive system, channel B controls breaker B,
channel C controls breaker C and contactor E, and channel D controls breaker
D and contactor F. The control rod drive circuit breaker combinations that
initiate reactor trip include (1) AB, (2) ADF, (3) BCE, and (4) CDEF. This
is a 1-out-of-2 twice logic. When any 2-out-of-4 channels trip, all reactor
trip modules trip (deenergize) all control rod drive breakers and contactors.
The four RPS channels trip whenever the reactor conditions tabulated in
Table A.1 exist.

The use of 2-out-of-4 logic between protective channels permits
a channel to be tested on-line without initiating a reactor trip. Main-
tenance to the extent of removing and replacing any module within a protective
channel may also be accomplished in the on-line state without a reactor trip.
Each logic channel is tested monthly. The RPS sensors are checked during
each shift and are tested monthly. To prevent either the on-line testing
or maintenance features from creating a means for unintentionally negating
protective action, a systen of interlocks initiates a protective channel
trip whenever a module is placed in the test mode or is removed from the

system. However, provisions are made to bypass any one protective channel
(i.e. , supply an input signal which leaves the channel in a non-tripped
condition) for testing or maintenance. The test scheme for the reactor
protective system is based upon the use of comparative measurements between
like variables in the four protective channels, and the substitution of

digital and analog test signals as required, together with measurements
of actual protective function trip points. The test signals are provided
from built-in test circuits in the logic instrumentation system. A

digital voltmeter (not cabinet-mounted) is used for making accurate
measurements of trip point and analog signal voltages.

Plant annunciator windows provide the operator with immediate
indications of changes in the status of the reactor protective system.

A-6
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The following conditions are annunciated for each reactor protective system
channel:

a. channel trip
b. fan failure in channel
c. channel on test
d. shutdown bypass initiated
e. manual bypass initiated

Any time a test switch is in other than the operate position, annunciator
"c" will be lit and the associated protection channel will be tripped. Under

this condition, annunciator "a" will be lit unless annunciator "e" is lit

(i.e., the channel is bypassed).

TEST AND MAINTENANCE

Each RPS channel, including the associated instrumentation, reactor
trip module (RTM), and CRD breaker and contactor, is demonstrated operable
by performance of functional tests once each month.

Functional testing of each of the four channels requires approxi-
mately four hours to complete and is performed on a weekly rotation by
different test personnel.*

*
Per discussion with plant personnel .
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Following are several notes related to test and maintenance.
-

Notes on Reactor Trip Module

e Prior to start of functional testing of the instrumentation
and RTM associated with the particular channel under test,
the channel is placed in bypass via the " Manual Bypass" switch
located in the RTM. This reduces the RPS trip logic to a 2-out-
of-3 system.

e When RTM is placed in bypass via manual bypass switch,
indication of 4his condition is provided in the control
room (RP5 Panel) .

Operator can leave channel in bypass state but indicatione

on RPS panel should alert operator. Same applies to
inadvertent bypass.

e An electric interlock circuit prevents placing two channels
in bypass simultaneously,

e Only one channel is permitted to be bypassed at any given
time under administrative control .

Notes on Control Rod Drive (CRD) Power Train

e Functional testing of the CRD power train consists of
causing the CRD breaker to trip. A jumper is momentarily
placed across the trip coil of the breaker. The power train
is restored to operational status by locally resetting the breaker.

e A breaker can be racked out for maintenance without channel trip.

Notes on Instrumentation

e If a reactor sensor requires maintenance to correct for a defect,
the work will be cone during a shutdown.

e Work can be performed on the circuitry of the instrumentation
signal processing electronics (such as the power supply, signal
conditioners, etc.), but the associated channel will probably be
bypassed.

* Calibration errors in the signal processing electronics can result
in a circuit being unavailable to trip the reactor. (Calibration
is performed on each channel on a weekly rotation basis, ty
different personnel .)

A-8
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Table A.1 Reactor Trip Summary

Steady-State Trip Value or
Trip Variable No. of Sensors Normal Range Condition for Trip

Overpower 4 flux sensors 2-100% 2105.5% of rated power

Nuclear overpower 4 two-section NA 1.045 times flow minus
based on flow and flux sensors , reduction due to im-
imbalance 8 AP flow balance

Reactor outlet 4 temperature 532-604 F 2620F
tempera ture sensors

Pressure / temper- 4 pressure Variable (16.25T - 7838) 2 P(a)
atura sensors, 4+

temperature
sensors

Reactor coolant 4 pressure 2,090-2,220 22,355 psig (high),
pressure sensors psig 51,800 psig (low)

Reactor building 4 pressure 0 psig 4 psig
-- pressure switches

( )T is in F and P is in psig.
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A.2 SYSTEM SIMPLIFIED FAULT TREE

A detailed fault tree for the RPS was constructed, identifying
the events which contribute to the failure to insert the control and
safety rods into the core when required by reactor conditions.

Failure to automatically remove power to all of the safety and
control rods constituted RPS failure. In addition, such faults as core

disruption, which would inhibit rod insertion, or stuck rods were included
as contributors to reactor trip failures.

The top event of the fault tree is defined as:

" FAILURE TO INSERT SIX OR f10RE CONTROL R0D GROUPS"

The simplified fault tree is shown in Figure A.3.
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A.3 SYSTEM QUANTIFICATION

A.3.1 SYSTEM RELI ABILITY CHARACTERISTICS

The RPS consists of eight groups of control rods, of which seven
groups comprise the emergency safety system. Insertion of six of the seven
energency safety systen groups is required for success. T""s , from the

standpoint of failures that would fail inaividual groups, the system is
configured in two-out-of-seven redundancy. Failures of this type were

dssessed to not contribute to RPS unavailability.

The dominant contribution to RPS unavailability was assessed
to be due to test of the reactor trip modules (RTM). Faults in the
CRD power train primary ( AC) breakers and secondary (DC) breakers makeup

approximately 35% of the total unavailability. All other contributors
are negligible.

.

|

|
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A.3.2 SYSTEM FAULT TREE QUANTIFICATION

The Reactor Protection System does not interact with any other
system. The independence from any other system does not require a Boolean
reduction in the event tree sequence analysis. Therefore, no nodularized

fault tree was constructed. The simplified fault tree in Figure A.3
was used in slightly mcJified form for quantification purposes. The
nodified tree is shown in Figure A.4.

Table A.2 shows the RPS success requirements. Table A.3 containt

the top event definitions for the simplified fault tree. The unavailability

of each gate is shown on the tree, Figure A.4. Table A.4 shows the Boolean

equations that represent the fault tree. Table A.5 shows the quantification
of each gate by component and failure mode. Table A.6 summarizes the point
estimates and error factors for each gate.

,

*
1

i
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Table A.2 Reactor Protection System

SUCCESC REQUIREf1ENTS

INITIATOR TRAINS NOTES

B, Failure to automatically or manually4
Transients insert at least six control rod groups.

.

B,B,B None 1j 2 3

NOTES: 1 For Bi, B , B2 3 LOCAs it is assumed that the effects of
reactor coolant blowdown (removal of moderator) is sufficient
to achieve reactor subcriticality. The reactor vessel will be
refilled with borated water of sufficient boron concentrationto keep the reactor subtritical.

A 21
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Table A.3 Reactor Frctection Systen

TOP EVENT DEFINITION

BOOLEAN
REPRESENT /> TION TOP EVENT NOTES

RPS Failure to insert at leart six
control rod groups |

RP Failure to remove power from
CRDM rrotors

RM Faults from test and maintenance
outages

|
|

!

!

!
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-
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Table A.4 Reactor Protection System

B30 LEAN EQUATIONS BASED ON SIMPLIFIED FAULT TREE

TOP EVENT NGTES

(I)RPS = RP + RM

RP = Rl' R2 + R3 R4

RM = RM1 R5

I

|
|

NOTES: 1. All basic events that are assessed to be negligible
contributors (c) were not included in the Boolean
equation.
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lable A.5 Eaactor Protecticn Systen

QUA'iTI FI E/JION TT:BLES

NOT ES

1 Each of the four ic :: tor trip rodules ( RTM) is assumed to be
unavailab't. for -n Average of four hcars per month due to
test. 'he tstal test outage for the RTM channels is thus
16 hours and the tatal unavailability fron these tests is
(15)/(720) - 2.2 E-2.

2 Failure of (2/3) P"S a-2s assessed to be 2.7 E-5. The individual
RT." f ailure probability was assessed at 3.0 E-3 rather than the

more normal assesscent of 1.0 E-2 due to the simpiification of
the calibration procedure which results from the built-in test
and calibration circuits in the equipment. The multiple f ailures
of the RTM were assu:ced to be independent due to staggered test
and calibratirn, thus the total unavailability of (2/3) RTMs
is 3(3.0 E-3)2 = 2.7 E-5.

~

,

.
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Table A.6 RPS - Qusntification Su mary
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APPENDIX B

ENGINEERED SAFEGUARDS ACTUATION SYSTEM
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APPENDIX B ENGINEERED SAFEGUARDS ACTUATION SYSTEM (ESAS)

B.1 SYSTEM DESCRIPTION AND OPERATICN

The Engineered Safeguard Actuation System (ESAS) monitors two

variables -- reactor coolant pressure and reactor building pressure --
to detect. loss of coolant system boundary integrity. Upon detection of
"out-of-limit" conditions of these varicbles, it initiates operation
of the high pressure injection (HPI), icw pressure injection (LPI), reactor
building isolation and cooling (ksIC), and reactor building spray system
( RBSS) . The ESAS also starts the engineered safeguards diesel generators
A and B.

B l.1 SYSTEM DESCRIPTION

The E3AS consists of two separate redundant actuation subsystems
(trains) A and B, each of which is dedicated to a corresponding ES
equipment train. Each ESAS train consists of three sets of channel cabinets,
an actuation relay cabinet and the appropriate section of the engineered
safeguard operating panel. The equipment in each of the channel cabinets

is comprised of the bistable trip units, bistable auxiliary relays, bypass
relays, test relays, relay status lights and test switches.

The actuation relay cabinet is divided into four separate compart-
ments to contain the relays for each actuation subsystem and manual
actuation output relays. Each of the output signals from a train (the
actuation signals for the equipment) is generated by combining the inputs
from the three channels in a two out of three matrix as shown in the
simplified ESAS logic diagram presented in Figure B.l. Each ESAS train
generates five types of output signals: RBSS, RBIC, LPI, HPI and the

diesel generator emergency loading sequence, which is provided for
sequential starting of large electrical loads following detection of an
"out-of-limi t" condition.

.
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1
1

The following is a simplified description of system operation of

train A (or B):

Each actuation train employs three logic channels and the outputs

of these channels are used in two-out-of-three coincidence networks for
equipment actuation. The channels are actuated by receiving signals

(information) from the various oi-going processes within the reactor plant
and containment. The signal actuates the channel logic by de-energizing
to trip the instrumentation channel output relays by cpening the contacts,
e.g., relay R3 (these output relays are normally energized with closed
contacts). See Figure B.2.

Similarly, the logic matrices (actuation relays) in the actuation
channels are de-energized to trir -- contacts close, e.g. , relay Zl A -- and
actuate the engineered safeguards equipment. (The actuation miays are
normally energized with contacts open).

Separate essential service and DC power supplies are used for each

actuation channel.

The following paragraphs contain a discussion of the specific
relay logic implementation used in the actuaticn channels of each of the
five types of ESAS actuation signals.

HIGH PRESSURE INJECTION (HPI) AND DIESEL GENERATOR EMERGENCY
LOADING SEQUENCE (DGELS)

Referring to one of three independent reactor coolant pressure
transmitters shown in Figure B.3, a signal proportional to the reactor
coolant pressure is applied to a safeguards bistable (BTl) and to a
bypass bistable. The design of safeguard bistables is such that when the
reactor coolant pressure is above the setpoint and control power is
available, bistable interposir.g relay R3 is energized.

B2
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HPI is initiated by de-energizing the multiple contact outnut
relays constituting loading sequence block 1 in two-out-of-three channels.
(Block 1 consists of HP Injection pumps, Injection and Nuclear Services
Valves, and LP Injection pumps). The multiple contact output relays can be
de-energized by the mantal actuation relay by their related test contact,
or by an "0R" function made up of contacts which open when the reactor
coolant pressure is below 1500 psig (R3), the building pressure exceeds
4 psig (R12), or the reactor coolant pressure is below 500 psig.

Blocks 2, 3, and 4 de-energize through an "AND" function, combining
an "0R" function similar to the one described above and undervoltage relay
contacts from corresponding 4160 volt safeguard bus. Block 2 consists of
Reactor Building Fans and Emergency Nuclear Service Seawater pumps. Block 3
consists of Emergency Nuclear Services Closed Cycle Cooling Water pumps.
Block 4 consists of spray pump start permit, reactor building ventilation
recirculation unit, Decay Heat Closed Cycle Cooling water pump, and Decay
Heat Service Seawater pumps.

LOW PRESSURE INJECTION (LPI)

The channels of low pressure injection are equipped with bistables
similar to those used for HPI but which are adjusted to actuate at a lower
setpoint. A typical channel is shown in Figure B.3. The output of the

bistables will de-energize the same output relay as the HPI bistables at
500 psig.

The bypass enabling contact of the bistable closes when the reactor
coolant pressure is below its setpoint (900 psig) and control power is
available. This action permits manual bypass of the channel for normal

|

shutdown of the system.

REACTOR BUILDING ISOLATION AND COOLING (RBIC)

The channels of Reactor Building Isolation and Cooling are similar
in design to the channels of HPI and loading sequence except for the bi-
stable and bypass circuit, as shown in Figure B.4. When the reactor building
pressure is belcw 4 psig and control power is available, pressure switch

B-3
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interposing relay R10 is energized to the reset state by treans of the bypass
reset pushbuttca. A subsequent loss of power or rise in building pre:sure
above Setpoint will drop out R10.

The continuous bypass o f a channel is possible caly after a two-out-

o f-three actua tion. Ce-energizing the cutput relays of two-out-o f-three
channels initates reacter building isolation, starts reactor building
e ergency cooling and opens all salves required for reactor building spray.
Tne reactor building pressure is sensed by two sets of three pressure switchcs ,
and the bypas s can only be energized after a two-aut-o f-three actuation.

REACTOR BUILDDiG SPRAY (RSSS)

P3SS is initiated by starting the pumps when reactor buildino pressure
is over 33 psig. This is achieved, as shown on Fiqure 3.5, by sensing the

reactor building pressure with two sets of three pressure switches. Each set

of t hree pressure switches, which are wired in a two-out-of-t'1ree matrix,
controls the closing coils of the circuit breaker of one spray pump along
with actuation uf thu spray pump start permit matrix from HPI.

While independence between individual channels within ESAS actuation
trains is realized, a dependency exists between actuation trains which
include reactor coolant pressure trip signals (HPI, DGELS, LPI, and RBSS).
This dependency can be observed by noticing that the channel pressure trans-
ducer shown in Figure B.3 provides pressure signals to both LPI and HPI
bistables, and that those bistables are common to both actuation trains.
Failures of the pressure transducer or bistables affects both actuation trains.
Another interface is the undervoltage relay contact appearing in the loading
sequence circuitry which represents a dependency on the 4160V ES bus.

The ESAS is not dependent on control power to accomplish equipment

actuation since loss of power will da-energize the output relays and activate
the anociated equipment.

B.1.2 SYSTEM OPERATION

Table B.1 illustrates ESAS equipment actuation signals as a
function of reactor coolant pressure and reactor building pressure. Table B.2

B-4

- .. _



-____ __ _

lists the trip parameters met, along with ES equipment actuated during
various size LOCA events. Loss of power to the ESAS circuitry msults
in the generation of trip signals by the ESAS (except for RBSS).

The ESAS is designed to allow every component in the system to be
tested during plant operation. Typically, monthly surveillance tests are
performed to insure all components are operating correctly. System

calibration is performed during refueling. The pressure transducers and
buffer amplifiers in the system are monitored at shift changes by observing
a meter which indicates reactor pressure sensed by the system.

Monthly surveillance tests are performed for the entire system
except for the reactor coolant pressure transducers and most of the.
actuation matrix relay contacts. Each of the ESAS channels is checked
individually by generating trip signals. These signals de-energize the
output relays of the channel and cause 1 of the 3 relays in the 2 of
3 relay matrices to trip. Equipment will be actuated upon receipt of a

4 trip signal from either of the other 2 channels. Testing of the system
does not disable it or reduce its capability to trip. Only one channel
can be tested at a time.

During each refueling (every 18 months) tests am done which
trigger the ES actuation system one actuation system (train A or B) at
a time, then phase into a diesel generator test. These tests are
performed using an, two (of the three) essociated RBIS pressure test
switches to introduce an artificial high reactor building pressure signal.
These signals de-energize the actuation relays of two out of three channels
in the equipment matrices and consequently actuate the equipment.

I

l

B-5
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Table B.1 ESAS Actuation Signals for RCS and RB Pressure Set Points

RCS Pressure ESAS Actuation RB Pressure ESAS Actuation |

Set Point Description Set Point (psig) Description
(psig)

1700 By-pass is enabled 4 Trip - (HPI, LPI pumps,
(PIvalves,RBisolation)

1500 Trip can be by-passed initiated
(HPI, LPI pump)

1500 Trip HPI, LPI pumps
initiated 30 Start containment spray

p ps if HPI trip
900 r can e by-passed n

en

a 500 Trip (HPI, LPI pumps,
LPI valves) initiated



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

i

TRIP PARAMETERS MET SYSTEM ACTUATION

INITIATING 500 1500 4 PSI 30 PSI LPI HPI RBIC RBSS

EVENTS PSI TRIP PSI TRIP TRIP TRIP

B)
Large LOCA X X X X X X X X

I t
B Medium LOCA X X X X X X X Xy 2

oc

*

B Small LOCA X X X X X X
3

** ***
B Small small LOCA X X X

4

_

IBased on conservative FSAR calculations.
*
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.

***Also isolates those RB isolation valves not associated with containment or RCS heat removal.

- _ _ - _ _ _ _
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B.2 SYSTEM SIMPLIFIED FAULT TREE

Fault trees were constructed to model ESAS failure to actuate ESF
equipment during LOCAs. The ESAS responds to a B4 LOCA by actuating the HPI
equipment group (including the LPI pumps). All other ESF functions (LPI
injection line valves, RBIC, and RBSS) are not actuated. If a larger LOCA
(B , 8 ' 0F 0 ) is the initiating event, it is expected that all ESF equip-1.2 3

ment will be given actuation signals.

A set of two fault trees was constructed for ESAS failure to
actuate HPI, given a B4 LOCA. One top event is defined as the failure of

a single piece of HPI equipment to receive an actuation signal from the ESAS (Event

ISS). This top event is necessary to provide an interface to individual

equipment appearing in system fault trees. Evaluation of this tree provides

a failure-to-actuate probability for use in conjunction with individual

equipment failures appearing in the HPI system fault tree. The fault tree j

structure developed in this tree is valid for both immediate and loading
sequence time delayed equipment actuation. The di fferences in circuitry

involved are taken into account by modifying the unavailabilities of the
group logic and the output relay to reflect the differences in hardware
con fi guration.

The top event for the second fault tree for ESAS to actuate HPI,

given a B4 LOCA, is defined as failure of both HPI actuation trains to generate
actuation signals (Event ISB). Evaluation of this tree provides the probability
that equipment in both HPI trains will not be actuated. This event appears
as a common mode fault in the HPI system fault trees.

B-19
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A second set of two fault trees similar to those described above, was

constructed for ESAS failure to actuate each ESF, given a B), B , rB LOCA(Even2 3
ILB and ILS). The basic fault tree structure for these trees is defined by the
fact that all ESF equipment is actuated by providing continuity to control
circuits with two-out-of-three relay matrices. Each type of actuation
circuit, however, contains a slightly different equipment configuration
which is included in the models. In addition, these models include a

common mode human error for actuation of the RBIC and RBSS. This error is

the miscalibration of all pressure switches and pressure regulators used
to test pressure switches.

The detailed fault trees were simplified by the elimination of
failure combinations containing more than two active failures, since these
fault combinations are not expected to contribute to the system failure.
The resulting simplified fault trees for ESAS failure to actuate HPI, given
aB4 LOCA, are shown in Figures B.6 and B.7; those for ESAS failure to

actuate each ESF, given a B), B , rP LOCA*, are shown in Figures B.8 and
2 3

B-9. The top event definitions for the simplified fault trees are shown
in Table B.3.

*

The RBSS pumps do not receive an ESAS actuation signal from the B LOCA3

initiator; however, the spray line injection valves are actuated (opened)
by the RB 4 psi trip signal.

B-20
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Figure B.8 Simpli fied Fault Tree - ESAS
i

(Event "ILB")

NOTES:

1 The RBSS pumps do not receive an ESAS actuation signal for the
B LOCA initiator; however, the spray line injection valves are

3
actuated (opened).

2 This event is failure of automatic actuation of all equipment

in one train.
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Figure B.9 Simplified fault Tree - ESAS
(Event "ILS")

NOTES

1 The RBSS pumps do not receive an ESAS actuation signal for
the B3 LOCA initiator; however, the spray line injection
valves are actuated (opened).

2 This fault tree combines a RBSS and HPI fault tree to model
the entire RBSS actuation circuit.

3 ESAS fault tree evaluated for HPI 15 sec tima delay (B , B2,1
'

LOCA).or B3

4 ESAS fault tree evaluated for RBSS switch matrix (B , B , or1 2

B3 LOCA)

5 See quantification table for event ILB2.

6 See quantification table for event ILB5.
7 This event is miscalibration of all pressure switches (both 4 psi

and 30 psi) and pressure-switch-test pressure regulators due to a
maintenance error during a refueling outage. This event disables
the RBSS and RBIC actuation trains because the actuation logic
circuit for the RBIC is a required part of the actuation logic
circuit for the RBSS. It does not affect the LPI or HPI
actuation trains.

8 This event results in failure to actuate all equipment in both

trains in RBSS and both trains in RBIC.
,
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B.3- SYSTEM QUANTIFICATION

B.3.1 SYSTEM RELIABILITY CHARACTERISTICS

Table g3 contains the results of the evaluation of the fault
trees for the top events 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 B LOCA, is "HPI Actuation Signal Not Available to Any4
Equipment" (Event ISB). The second of these faults, for the B), B , or2
B LOCA is "All RBIC, RBSS Systems Do Not Receive Actuation Signal" (Event3

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 B LOCA (Event ISS), is due to conbinations of

4
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 B LOCA (Event ISB) is a combination of two bistables

4
failing to trip.

The dominant reason for ESAS failure to actuate LPI, HPI, and

RBIC, given a B), B2 3 LOCA, is conbinations of three output relayor B

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 I 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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B.3.2 SYSTEM FAULT TREE QUANTIFICATION

The Engineered Safeguards Actuation System does not depend on any

other systen (i .e. , power failure would cause an ESAS signal). The

independence from any other system does not require a Boolean reduction ir,
the event tree sequence analysis. Therefore, nc modularized fault tree

was constructed. The simplified fault trecs presented in Section B.2 are
used for the quantification purposes.

Table B.4 shows the ESAS success requirement. Table B.5 contains

the top event definitions for the simplified fault trees (Figures B.6
through B.9). Table B.6 shows the Boolean equations that represent the

fault trees. Table B.7 shows the quantification of each gate by component
and failure mode. Table B.8 summarizes the point estimates of the top

events.

B-32

.



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

(

Table B.3 Results of ESAS Quantification
_

__

INITIATING TOP FAULT TREE TOP EVENT UNAVAILABILITY
EVENT EVENT **

*
ISS1 Non-time delayed HPI actuation signal

not available to exactly 1 piece of 2.1 x 10-4
equipment

B4 LOCA ISS2 Time delayed HPI actuation signal
~4not available to exactly 1 piece 2.2 x 10

of equipment

158
HPI actuation sig(ral not available 7.2 x 10~
to any equipment Both trains failed)

ILB1 Non-time delayed HPI actuation
|signal not available to exactly 1
1

piece of equipment i 1.0 x 10~7

ILB2 Time delayed HPI actuation signal
not available to exactly 1 piece of -65.6 x 10equipment

ILB3 LPI actuation signal not available 1.0 x 10~
B,B, to exactly 1 piece of equipment1 2
or 83

LOCA ILB4 RBIC actuation signal not available 1. 3 E-6to exactly 1 piece of equipment

ILB5 Reactor building high pressure signal
not available to actuate exactly 1 1.2 E-6
piece of RBSS equipment *

ILS All RBIC and RBSS equipment does not
receive actuation signal *,*** 1.1 E-4

_ _ LILS=ILB2 + ILB5 + IHEl)
_-_ _

_.__. ____

OThe RBSS pumps do not receive an ESAS signal for the B3 LOCA initiator;
however, the spray line injection valves do receive signal.

ooThe top events for the simpli fied fault trees, Figures B.6 through B.9,
are defined in Table B.5, and quanti fied in Table B.7.

0"The actuation logic circuit for the RBIC is a required F'rt of the actuation
logic circuit for the RBSS. Thus, if the RBIC actuation logic circuit fails,
the RBSS actuation logic circuit will also fail.

11 - 3 3
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Table B.3 ESAS - System Success Requirements

INITIATOR TRAINS NOTES

all 2/3 channels to each
equipment

,

15 - 3 4
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Table B.5 ESAS - Top Event Definitions
,

BOOLEAN

REPRESENTATION TOP EVENT NOTES

ISSa See below for a equal to 1 1

or 2

ISSI Non-time delayed HPI actuation 1

signal not available to exactly
one piece of equipment (8 LOCA)

4

ISS2 Time delayed-HPI actuation signal l
not available to exactly one piece
of equipment (B LOCA).

4

ISB HPI actuation signal not available
to any HPI equipment (B LOCA)

4

ILB a See below for a equal to 1, 2, 3, 3
4 and 5

ILB1 Non-time dependent HPI signal not 3
available to exactly one piece of-
equipment (B), B , B3 LOCAs)2

ILB2 Time delayed HPI actuation signal 3
not available to exactly one piece
of equipment (B), B , B3 LOCAs)2

ILB3 LPI actuation signal not available 3
to exactly one piece of equipment
(B), B , 83 LOCAs)2

ILB4 RBIC actuation signal not available 3
to exactly one piece of equiprr.ent
(B), 8 , B3 LOCA)2

ILB5 Reactor building high pressure signal 2,3
not available to actuate exactly one
piece of RBSS equipment (B , B , B LOCAs)j 2 3

ILS All RBIC and RBSS equipment does not 2

receive actuation signal during B),
B , or 8 LOCAs.

2 3
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Table B.5 ESAS - Top Event Definitions

NOTES

1 The numerical evaluation is different for 1S51 and ISS2;
however, the same tree with top event ISS is used.

2 The RBSS pumps do not receive an ESAS actuation signal for
the B LOCA initiator; however, the spray line injection

3

valves are actuated (opened).

3 The numerical evaluation is different for ILB1, 2, 3, 4,
and 5; however, the same tree with top event ILB is used.
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Table B.6 ESAS

BOOLEAN EQUATIONS BASED ON SIMPLIFIED FAULT TREES

TOP EVENTS NOTES

B4 - LOCA

ISS = ISS1 = ISS2 = IAl + IA2 + IA3
ISB = IA4 + IAS + IA6

B) , B , B3 - LOCAs2

ILB = ILBX=I5 I6-I7 + I4+(IACl IAC2 +
+ IACl IAC3 + IAC2 IAC3) (1)

for X = 1,2,3,4,5

ILS = ILB2 + ILB5 + IHE1 (4)

INTERMEDIATE EVENTS

B4 - LOCA

IA1 = Il-(IC5 + IC6)
IA2 = 12-(ICl + IC2)
IA3 = 13-(IC3 + IC4)

IX = ITDX + IBSX + ICLX + IGLX + IORX (2)
for X = 1,2,3

IA4 = IBSI-(Il0 + Ill)
IAS = IBS2-(Ill + 112)
IA6 = IBS3-(Il0 + 112)

IX = IBSY + ITD) (3)
for X = 10 and Y = 2, X = 11 and Y = 3, X = 12 and Y = 1

B), B , B3 - LOCA
2

I4 = IACl 17 + IAC2 16 + IAC3 15
15 = IC3 + IC4
16 = ICl + IC2
17 = ICS + IC6

|

B-37

-



- - , ,
- - - _ _ _ _ _ _ _ - _ _

Table B.6 ESAS,

"t

BOOLEAN EQUATIONS BASED ON SIMPLIFIED FAULT TREE

NOTES

1 The expression in parenthesis reflects the possible "2-out-of-3"
failure combinations.

2 For further definition of the parameter "X" see also quantifi-
cation tables.

3 For further definition of the parameters "X" and "Y" see also
quantification tables.

4 Event IHEl contributes only to ILB4 and ILB5.
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| toeg LL L
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FAILUFiS e

| CHANNEL 2 OUTFUT RELAY FAILURE
j *

IA2
jC051NES WITH CHANNEL 1 AND 3 CCNTACT 7.4 E-5 |
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' m

<

CHANNEL 3 OUTPUT RELAY FAILURE @I
IA3
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|
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1

! CHANNEL X OUTPUT FELAY FAILURE 7.4 E-5
-

|IAX COMBINES WITH CHANNEL Y OR CHAN'iEL 2 13+, 10- 1,2,3 $
1.0 E-7 1.9 E+4 1.9 E-3 Nl ,

ICY !CH. UA CHANNEL U/ CONT ACT A FAILS TO CLOSE 10+, 10- 1,2,3 =

1.9 E+4 1.9 E-31.0 E-7 @l CHANNEL V/ CONTACT B FAILS TO CLOSEICZ 'CH. VB a 3.9 E-3 ar
s

| | C
;CH. X OUTPUT | 1.9 E-2
i 2= IX
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Q
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i
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[IBSX CH. X
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2
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@o '
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3./ E-4
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i
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Table B.7 ESAS

QUAtlTIFICATI0flTABLES

fl0TES

1 X = 1,2,3; i f X = 1 then Y = 5, Z = 6, UA = 2A, VB = 3A
X = 2 then Y = 1, Z = 2, UA = 1A, VB = 3B
X = 3 then Y = 3, Z = 4, UA = 1B, VB = 2B

2 The failure rate of 1.0 E-7/ hour is the lower bound of the
failure rate given ir. Appendix III of WASH-1400. The fault
duration time of 27 months (1/2 of once every three refuelings-
54 months) is based on a review of plant procedure SP-417.
According to this procedure, these relays are tested every
refueling (18 months) by closing the contacts in one out of
three paths through the actuation matrices. Thus, every three
refuelings, all contacts in the actuation matrices are tested.

3 For channel and contact identification see Figure B.2

4 X = 4,5,6; if X = 4 then Y = 2, Z = 3, U = 1
X = 5 then Y = 1, Z = 3, U = 2
X = 6 then Y = 1, Z = 2, U = 3

5 Failure of one channel is (1.E-8/hr) (360 hrs) =
= 3.6E-6; therefore 2-out-of-3 is approximately c.

6 X = 5,6,7; i f X = 5 then Y = 3, Z = 4, UA = 1B, VB = 2B
X = 6 then Y = 1, Z = 2, UA = 1A, VB = 3B
X = 7 then Y = 5, Z = 6, UA = 2A, VB = 3A

7 IA7 = 15 16 I7

8 I4 = I ACl 17 + I AC2 I6 + IAC315; where

IACl = IAC2 = IAC3 and 15 = I6 = 17
therefore p(I4) was assessed equal to
( 3)p(I ACl) . p(I 7)

B-48
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Table B.8 ESAS - Quantification Summary

r. . _ _

.

B0OLEAN POINT

VARIABLE ESTIMATES'

ISS1 2.1 x E-4

ISS2 2.2 x E-4

ISB 7.2 x E-4

ILB1 1.0 x E-7

ILB2 5.6 x E-6

ILB3 1.0 x E-7

ILB4 1.3 E-6

ILB5 1.2 E-6

ILS 1.1 E-4

i
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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.

C.l.1 SYSTEM DESCRIPTION

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

The DCPS consists o two separate and independent 250/125V

DC supplies,each of which includes a battery and associated battery chargers
and DC distribution panels.

Each 250/125V 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.

DC power fron 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,16 from motor control centers. fiCC3A-1 feeds chargers
A, C and E (spare) which serve 250/125VDC supply 3A and MCC38-2 feeds

|

.

C-1
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|
|

|

chargers B, D and F (spare) which serve 250/125VDC supply 3B. Switches

are provided at the input and output of each charger to permit off-line
test and maintenance. In addition, fuses at the input and output of each

charger provide overload protection.

Each 125V battery section consists of 58 cells rated at 2.2 volts /
cell minimum. The capacity of each 250/125V battery supply provides the
capability to deliver the loads listed in Tables C.1 and C.2 continuously
for two hours and perform three complete cycles of safeguards breaker
closures with subsequent tripping (1020 ampere-hours).

The distribution panels consist of switches, fuses and associated
wiring for DC power distribution. The switches provide the capability
for on-line checkout of user equipment as well as general maintenance and
checkout of various elements of the DC system by permitting disconnection

from power. The fuses provide overload protection for the DC supply and
user equipment.

C-2

-
.

.



' |

C.l.2 SYSTEM OPERATION

During normal plant operation the battery chargers supply the
narmal DC loads while maintaining float charge on the batteries. In the
event of loss of AC input to the chargers the batteries will automatically
supply the required DC loads.

A high and low voltage a'larm is provided in the control room via i

high/ low voltage relay contact closures. The high alarm is set at 137VDC
i

to protect against battery overcharging during normal clant operation. The
low voltage alarm is set at 210VDC for DC motor bus voltage and 121VDC for
instrumentation and control bus voltage.

Battery discharge is monitored by contact making ammeters located
in the main DC panels. This provide _ a remote alarm when the battery is
supplying power to the user equipments.

In the event that a primary charger becomes unavailable due to
malfunction, test or maintenance the spare charger is manually switched on-line.
This will maintain the float charge on the battery section and supply the DC
loads associated with the unavailable charger.

BATTERY TEST AND MAINTENANCE

The individual 125 volt battery sections are given the following
tests and inspections:

(a) The voltage, specific gravity and electrolyte level of each
cell are measured once each quarter.

(b) During refueling each battery is inspected for physical
damage and integrity of intercell connections.

(c) Battery discharge is monitored continually via the contact
making ammeters.

(d) Maintenance is performed on the batteries as required to
correct for defects.

C-3
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BATTERY CHARGER TEST AND MAIllTENANCE

The individual battery chargers are given the following tests
and inspections:

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

(b) Maintenance is performed on the chargers as required to
correct for defects. During maintenance the defective
charger is taken off-line and replaced by the spare charger.

(c) Charger performance is continually monitored via high/ low
voltage alarms in the control room.

|

|
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Table C.1 Battery 3A Loads (DC unavailable) , rom CR-3 FSMR

Cycle No. of
Load Description Volts Hp/KVA Time (min.) Breakers

Feedwater Pump 3B Turbine Emergency Oil Pump 250 5 Hp 0-10
Feedwater Booster Pump 38 Emergency Oil Pump 250 5 Hp 0-10
Reactor Coolant Pump DC Oil Lift Pump 250 3 Hp 0-60
Reactor Coolant Pump DC Oil Lift Pump 250 3 Hp 0-60
Turbine Generator Air Side Seal Oil Pump 250 25 Hp 60-120
Emergency Diesel Generator Fuel Transfer Pump 250 1 Hp 1-20
Makeup Pump 3B Lube Oil Pump 250 1 Hp 0-20
Makeup Pump 3C Lube Oil Pump 250 1 Hp 0-20
Motor Driven Pump to Hotwell Isolation Valve 250 .09 Hp 10-11
Auxiliary Feedwater Pump Turbine Steam Supply 250 1.81 Hp 10-11

Isolation Valve
Alterrex Excitation Cabinet 125 6.25 Hp 0-120
Feedwater Pump 3B Turbine Motor Speed Changer 125 1/6 Hp 0-10
6900 Volt Switchgear 3B Control 125 * 3

4160 Volt Switchgear 3B Control 125 * 10
4160 Volt Engineered Safeguards Switchgear 38 125 * 10

Controln.

5, 480 Volt Reactor Auxiliary Bus 38 Control 125 * 2

480 Volt Turbine Auxiliary Bus 3B Control 125 * 7
* 4480 Volt Intake Auxiliary Bus 3B Control 125

480 Volt Engineered Safeguards Bus 3B Control 125 * 3

Inverter 3B 125 15 KVA 0-120
Inverter 3D 125 15 KVA 0-120
Inverter 3E 125 15 KVA 0-120
Control Room Panels 125 1.25 KVA 0-120
Hydrogen Panel 125 .625 KVA 0-120
Engineered Safeguards Channel 3B Cabinets 125 .625 KVA 0-120
Relay Racks 125 12.5 KVA 0-120
Engineered Safeguards Actuation 38 Cabinets 125 .625 KVA 0-120
Emergency Lighting 125 1.25 KVA 0-120
Substation Loads 125 7.5 KVA 0-120
Miscellaneous Cabinets 125 1.25 KVA 0-120

*
Power Required to trip breakers as listed (10 amps / breaker for one minute).

_
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Table C.2 Battery 3B Loads (AC unavailable) from CR-3 FSAR

Cycle No. of
Load Description Volts Hp/KVA Time (min.) Breakers

Turbine Emergency Bearing Oil Pump 250 60 Hp 10-60
Feedwater Pump 3A Turbine Emergency Oil Pump 250 5 Hp 0-10
Feedwater Booster Pump 3A Emergency Oil Pump 250 5 Hp 0-10
Reactor Coolant Pump DC Oil Lift Pump 250 3 Hp 0-60
Reactor Coolant Pump DC Oil Lift Pump 250 3 Hp 0-60
Emergency Diesel Generator Fuel Transfer Pump 250 1 Hp 1-20
Makeup Pump 3A Lube Oil Pump 250 1 Hp 0-20
Makeup Pump 3B Lube Oil Pump 250 1 Hp 0-20
Va(uum Breaker 250 .135 Hp 0-10
Turbine Driven Emergency Feedwater Pump to 250 .09 Hp 10-11

Hotwell Isolation Valve
Auxiliary Feedwater Pump Turbine Steam Supply 250 1.81 Hp 10-11

Isolation Valve |
'

Turbine Thrust Bearing Wear Detector Motor 125 .05 Hp 0-10
EHC Cabinet 125 1 KVA 0-120
Feedwater Pump Turbine Speed Changer 125 .166 Hp 0-10m

E 6900 Volt Switchgear 3A Control 125 * 3
* 104160 Volt Switchgear 3A Control 125

4160 Velt Engineered Safeguard Switchgear 125 * 10

3A Control
480 Volt Plant Auxiliary Bus 3 Control 125 * -

480 Volt Reactur Auxiliary Bus 3A Control 125 * 2

480 Volt Turbine Auxiliary Bus 3A Control 125 * 7
* -480 Volt Heating Auxiliary Bus 3 Control 125

480 Volt Intake Auxiliary Bus 3A Control 125 * 4

480 Volt Engineered Safeguards Bus 3A Control 125 * 3

Ir..erter 3A 125 15 KVA 0-120
Inverter 3C 125 15 KVA 0-120
Condensate Demineralizer Control Panel 125 .625 KVA 0-120
Instrument Repair Shop Receptacles 125 .625 KVA 0-120
Engineered Safeguards Channel 3A Cabinets 125 .625 KVA 0-120
Engineered Safeguards Actuation 3A Cabinets 125 .625 KVA 0-120
Relay Racks 125 12.5 KVA 0-120
Substation Loads 125 7.5 KVA 0-120
Emergency Lighting 125 1.25 KVA 0-120

*
Power required to trip breakers as listed (10 amps / breaker for one minute).
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C.2 SYSTEM SIMPLIFIED FAULT TREE

The DCPS fault tree analysis consisted of developing trees
which would serve as sub-trees (i .e. , plug in modules) for the fault trees
which were developed for the various systems that require DC power during

normal plant operation and accident conditions including transients and loss
of coolant accidents. Accordingly, fault trees were developed to identify

the hardware and human failures which could inhibit the distribution of DC
power from the individual DC panels to the associated systems.

TOP EVENT DEFINITION

The undesired event for which the DCPS fault trees were developed

was:

" Insufficient Power at DC Panel DPDP-XX"

where: DPDP-XX represents the DC distribution panel associated with the
particular system for which DC power was required.

ASSUMPTIONS

The underlying assumptions governing the development of the DCPS

fault trees include:

1. Insufficient DC power is defined as loss of either of the
125VDC supplies provided by a 125VDC battery section and
the associated charger.

2. Hardware failures, such as circuit breaker, switch or fuse
failing open, are not immediately repairable. The failed hardware
must be replaced in order to place the associated circuit back on-1-

3. The down time resulting from failures such as inadvertent
switch opening or failure to re-close a switch is a function
of detectability; i .e. , DC system alarms and user equipment
monitoring features.

4. Calibration failures such as mis-settina of one or more
charges result in a down time after detection eaual to the
initial calibration period. Further, calibration errors are
assumed detectable after associated equipment is placed on-line.

The simplified fault trees for the DCPS are presented in Figure C.2,
sheets 1 through15. Notes to the simplified fault trees are in
Table C.3.

C-8
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Table C.3 (1/4) Fault Tree Notes

GENERAL NOTES

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

o High alarm set point = 137VDC
o Low alarm set point = 121VDC

(b) Reactor shall not be made critical unless both 250/125
volt DC supplies (bus 3A and 38) are energized.

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

(d) Charging current and load on each of the buses (3A&38)
are checked each shi ft. .

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

(f) Voltage, specific gravity and electrolyte level of each
battery cell are measured once each quarter. Pilot cells are
checked weekly.

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

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

(i) Plant batteries are of the lead-calcium type.

t

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

:
;

i SPECIFIC NOTES

I

| (1) Unless all equipment obtaining DC from a particular
i panel were on standby the likelihood is believed low
i 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

j equipment for maintenance.

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

| - If all equipment obtaining DC from the disabled
! panel are on standby then malfunction could go

undetected until' demand for the equipment occurred.

! - Elapsed time to affect repairs depends on time to
i detect cause of DC loss and time to place switch in

proper position.
:

! (3) These malfunctions would have same effect as (2) above.
i 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,

t

!

l

!

i

|
|

!

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

BATTERY CHARGER - NOTE 1

Since work on a charger requires that it be disconnectede

from the DC bus, maintenance personnel may leave the
switch, which disconnects charger from bus, in the "off"
position. However, when work is being done on a charger a
spare charger is switched on line. After work is completed
the original charger might not be placed back on line even
though spare charger has been disconnected.

This condition can be discovered during daily check ofe

charging voltage and/or charging current. During the time
a battery is not on float charge, loads (DC) will be supplied
directly by the battery (instead of by the charger) causing
degradation in battery capability. This event will usually
occur, if at all, during normal plant operation.

DC DISTRIBUTION PANELS

NOTES: 1. DC distribution panels consist of cabling and switches
for applying DC to various user equipment. Maintenance
personnel can inadvertently open a switch thereby removing
the DC power from the associated user equipment.

2. If a particular component requires DC for its operation
and Test and/or maintenance requires removal of DC power,
maintenance personnel may fail to restore power.

C-ll
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Table C.3 (4/4) Fault Tree Notes

BATTERY

NOTE 1

Batteries are housed in rooms requiring ventilatione
to prevent build-up of hydrogen which develops during
float charging. Loss of ventilation can cause batteries
to fail or degrade and possibly a significant (explosive)
mixture of hydrogen can develop if charging continues after
loss of ventilation.

f!0TE 2

During equalizing charge excess voltage may be applied.e
This can severely damage batteiy.

During tests for grounds (systen is ungrounded) all ort e
part of the battery may be taken off line (momentarily).

e Too much electrolyte can be added.

Cells may be "jumpered" for T&M and jumper may not bee
removed. This has the effects of degrading battery
capability.

C-12
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Event "EIA-1"
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C.3 SYSTEM QUANTIFICATION

C.3.1 SYSTEM RELIABILITY CHARACTERISTICS

The DC Power Distribution System is a two train system consisting

of independent batteries, battery chargers and buses. DC power is normally

supplied by the independent battery chargers. A third battery charger can

be manually switched to either train should one of the chargers normally in
operation be removed from service. The battery chargers are nornally driven
by AC power. Should an AC power train be lost resulting in the loss of one
charger, the battery assunes the DC loads on that train.

The battery charger voltage and battery internal current are
normally monitored. Each DC bus was assumed to be effectively monitored,

since loss of DC voltage at a bus would result in the loss of instru,aentation
that is normally operational, and it was assumed that this would be detected
by the operators. Thus, during normal operation the DC system was assumed
to be monitored.

For the case where offsite power is available, the unavailability
of each DC bus was assessed based on a two hour bus outage time allowed

by Technical Specifications. The unavailability in this case was small,
and assessed to be primarily due to loss of a fuse.

For the loss of offsite power case, the unavailability of all buses

on a single train is dominated by failure of the battery supplying that train.
Since the battery is also required for the cori aponding train of AC power,
failure of a battery would fail one train of DC power and the corresponding
train of AC power (see AC power fault tree quantification tables).

The failure of the DC power distribution system during the re-
circulation phase of a postulated accident was evaluated to be negligible
for both the cases where offsite power is available or lost, since offsite
power n assumed to be recovered by this phase.
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C.3.2 SYSTEM FAULT TREE QUANTIFICATION

This section presents the quantification of the DC power system
unavailability for required emergency operation. The quantitative results
are presented in table form with attached notes outlining the assumptions.

|To perform the quantification, the simplified fault tree presented in
Section E.2 was rearranged and is presented in this section in modular form.

Modularized fault trees were constructed for each DC bus for the
case where offsite power is available. For the case where offsite power
is lost, a single fault tree was constructed for the DC power system, since
the dominant faults are loss of the batteries, which fail all buses.

Table C.4 shows the DC power success requirements, Table C.5
contains the top event definition for the modularized fault trees, and
Figures C.4 through C.12 show the modularized fault trees. The unavai~. -

ability of each gate is shown on these trees, as well as the top event un-
a va il abil ities . Table C.6 shows the Boolean equations that represent each
fault tree. Table C.7, the quantification table, shows the quantification

,

of each gate by component and failure mode. The attached notes t alain the
assumptions used in the quant'fication. Table C.8 summarizes the paint
estimates for each gate, and the error factors that were used in the sensitivity
analysis.

9

|

l

4

C-29

~.



_. _ _ _ _ _ _ _ _ _ _ _

Table C.4 DC Power Success Requirements

If1ITIATOR TRAINS NOTES

All DC power on all DC buses 1

fl0TES: 1. Failure of any DC bus would fail instrumentation and circuit
breaker's power from that Lus.

C-30
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Table C.5 DC Power Top-Event Definitions

BOOLEAN
REPRESENTATICH TOP EVENTS NOTES

Non-LOSP Case

DPDP-1A (18) Insufficient power on bus DPDP-1 A (lB) 1

DPDP-2A (2B) DPDP-2A (2B) 2
" " " "

DPDP-3A (38) DPDP-3A (3P., 2
" " " "

DPDP-8A (8B) DPDP-8A (88) 2
" " " "

DPDP-4A (4B) DPDP-4A (48) 2
" " " "

BC-3A (3B) BC-3A (38) 2
" " " "

BC-3C (30) BC-3C (3D) 2
" " " "

BC-3E (3F) BC-3E (3F) 2
" " " "

DPDP-5A (SB) DPDP-5A (SB) 2
" " " "

DPDP-6A (6B) DPDP-6A (68) 3
" " " "

DPDP-7A (78) DPDP-7A (78) 3
" " " "

Loss of Offsite Power Case

DCA Insufficient power on DC Train A buses 4

DCB B 5
" " " " " "

DC Loss of both trains of DC power 6

o
See Figure C.3 for bus dependencies.
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Table C.5 DC Power

TOP EVENT DEFINITIONS-

NOTES

1 DC - buses DPDP-1A and DPDP-lB are the main DC-panels
i

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

|
.

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

3 DPDP-6A and 7A are connected to subpanel DPDP-5A. DPDP-6B and -78
are connected to subpanel DPDP-58.

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

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

6 This top event represents loss of all DC-power,

i

c

|

{
' C-32
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BC-3A B C-3C B C- 3E

-d | | DPDP-1A DPDP-5A

Battery 3A

DPDP-2A DPDP-3A DPDP-6A

_ _ _ _ . DPDP-7A

DPDP-8A DPDP-4A

B C-3B B C- 3D B C- 3 F

~i | | DPDP-1B DPDP-5B

Battery 3B

DPDP-2B DPDP-4B DPDP-6B

DPDP- 7B

DPDP-38 DPDP-88

Figure C.3 DC Power - Bus Dependencies
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Insufficient

b0hanj{ 1.3 E-6
DPDP-1A

--

I

Single
Faults

i
I I

DC6 Insufficient Loss of AC
1.3 E-6 Power From Panel

Battery 3A MCC 3A-1i

DC5 gC
6.0 E-6 5.6 E-5

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

Ins ufficient
'

{{WPane{ 1. 3 E-6

DPDP-1B

'
1

--

Single
Faults'

|

|

: I I

DC8 Insufficient Loss of AC
Power From Panel1*3 E-6 Battery 3B MCC 3B-1

DC7 kC1
6.0 E-6 5.6 E-5

Figure C.5 Modularized Fault Tree for Event "DPDP-1B" (Non-LOSP)
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Insufficient
Power at

1 DC Panel 2.6 E-6
DPDPXAg

DPDP- XA

-~

I
I

InsufficientSingle Faults Power at Main
A-Train Panel

DC1X

1.3 E-6
PDP-1A

1.3 E-6

Figure C.6 Modularized Fault Tree for Ever.t "DPDP-XA"
(X = 2,3,4,5,8; Non-LOSP)

Insufficient
Power at 2.6 E-6
DC Panel

BC-3X

-

-~

I
I

InsufficientSingle Faults
Power at Main
A-Train Panel

DC2X
1. 3 E-6

DPDP-1 A

1.3 E-6

Figure C.7 Modularized Fault Tree for Event "BC-3X"
(X = A,C.E; Non-LOSP)

C-35

.
.

.
.



_

__

Insufficient
Power at 2.6 E-6

PDPXB\
DC Panel
DPDP-XB

-s

I |

Insu fficient
Single Faults Power at Main

B-Train Panel

C3X

1.3 E-6
PDP-1B

1. 3 E-6

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

Insufficient
Power at 2.6 E-6
DC Panel

B C- 3X

i -s

I I

Insufficient
Singla Faults Power at Main

B-Train Panel

DC4 X

1. 3 E-6
DPDFlB

1.3 E-6

Figure C.9 Modularized Fault Tree for Event "BC-3X"
(X = B,0,F; Non-LOSP)
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Insufficient
Power at
DC Panel )3.9 E-6

DPDP-XA

-- ,

I I
Single Insufficient

Hardware Power at
Faul ts DC Train A

Panel DPDP-5A

C9X
1.3 E-6

PDP-5A

2.6 E-6

Figure C.10 Modularized Fault Tree for Event "DPDP-XA"
(X = 6,7; Non-LOSP)

Insufficient
Power at

3.9 E-6DC Panel
DPDP-XB |

|

|
r%

|
|

Single Insuf ficient
Ha rdware Power at

Faul ts DC Train B
Panel DPDP-5B

C10

1.3 E-6
iPDP-5 A

2.6 E-6

Figure C.ll Modularized Fault Tree for Event "DPDP-XB"
(X = 6,7,; Non-LOSP)
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DC 1.0 E-5

O

Ins u f fi ci ent Ins ufficient
DC Power DC Power
Train A Train B

CA DCB

3. 2 E- 3 3.2 E-3

.

Figure C.12 Modularized Fault Tree for Event "DC" (LOSP)
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Table C.6 DC Power

BOOLEAN EQUATIONS BASED ON MODULARIZED FAULT TREES

TOP EVENTS

NON-LOSP

DPDP-XA DClX + DPDP-1A X = 2,3,4,5,8=

BC-3X DC2X + DPDP-1A X = A,C,E=

DPDP-XB DC3X + DPDP-1B X = 2,3,4,5,8=

BC-3X DC4X + DPDP-lB X = B,0,F=

DPDP-1A DC6 + DC5 MCC3A-1=

DPDP-1B DC8 + DC7 MCC3B-1=

DPDP-XA DC9X + DPDP-5A X = 6,7=

DPDP-XB DC10X + DPDP-5B X = 6,7=

LOSP

DC = DCA + DCB

|

|
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Table C.7 (1/2) Events "DPDP-XA" and "DPDP-XB" ( for X=2, 3, 4,
5, 8), "B C- 3X" ( fo r X= A , B , C , D, E , F) , an d
"DPDP-1 A,-1B" Quanti fications
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Table C.7 DC Power

QUANTIFICATION TABLES

NOTES

1 The structure of the fault tree for events DPDP-2A, 3A,
4A, 5A, 8A and DPDP-28, 3B, 4B, 5B, 8B and BC-3A, 3B, 3C,
3D, 3E, and 3F are all similar.

Each of these events are comprised of the same three single
hardware faults and failure of the main DC bus in the train.

2 TSe DC-system is essentially a monitored system since failures
would be detected when they occur. Technical Specifications

i limit bus outages to two hours. Event unavailability was
estimated as the product of event failure frequency and

;

assumed average fault repair time of one hour.

3 The event unavailability was estimated as above (in Note 2), except
that the average repair time was assumed to be two hours.

4 For the case of loss of offsite power the unavailability of
the batteries dominates the unavailability of each DC-train.
The batteries are checked quarterly and it was assumed that
battery faults could be discovered at this time. The average
fault duration time was thus 1/2 of 3 months.

5 See AC-Power Quantification Tables.
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Table C.8 DC Power System - Quantification Summary

l

BOOLEAN POINT
VARIABLE ESTIMATES

2DC1X 1 3 E-6

DC2X 1. 3 E- 6

DC3X2 1.3 E-6

DC4X2 1.3 E-6

DC6 1. 3 E- 6

DC8 1.3 E-6

DC9X 1. 3 E- 6 i

DC10X 1. 3 E- 6 I

DC5 6.0 E-6
DC7 6.0 E-6

MCC3A-1 5. 6 E- 5

MCC33-1 5.6 E-5

DCA 3.2 E-3

fDCB 3.2 E-3

|

X=2, 3, 4, 5, 8
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APPENDIX D CLASS I.E. AC POWER SYSTEM !
i

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. l .1 SYSTEM DESCRIPTION

Figure D.1 presents a simplified one line 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 supplied 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 safeguards auxiliary transfonner connections
are provided to step-down the 4.16kV for the 480VAC engineered safeguards
switchgear centers 3A and 3B. Motor control centers 3A-1, 3A.-2, 3A-B, 38-1
and 3B-2 are provided to feed associated safeguards equipment. MCC 3A-B is

switchable between 480V ES Bus 3A or 38. MCC 3A-1 and 38-2 supply power
to the DC battery chargers as well as power to the inverters in order to
provide four independent 120VAC' vital buses.

0-1
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D.l .2 SYSTEM OPERATION

The normal supply for the 4.16kV ES buses 3A and 3B is from the
nit 1 & 2 230kV substation via the Unit 3 startup transformer and

"normally closed" feeder breakers 3205 and 3206. The backup connection to
Units 1 and 2 startup transformer can be accomplished by manually closing

breakers 3211 and 3212.

In the event of the loss of the Unit 3 startup transformer or

power at the 230kV substation (resulting in a loss of power on the buses)
the following automatic actions occur: breakers 3205 and 3206 open and all

breakers on the buses trip with the exception of a pre-selected block (block
1 of Table D.1) of feeder breakers and the 4160/480V ES auxiliary trans-
former feeder breaker, both diesels start and energize their associated
safeguards buses when "normally open" breakers 3209 and 3210 close. Additional
equipment is manually reconnected as required for safe plant operation. If

there is a requirement for safeguards system operation coincident with the
loss of voltage on a 4160V bus, the bus is cleared as before and the diesels are
started to energize the bus. However, the remaining selected safeguard
loads (Table D.2) are automatically connected within 30 seconds by an

orderly sequencing of load timers. In the event the motor driven emergency

feedwater pump is required, various decay heat associated loads are dis-
connected (Table D.2) prior to starting the motor driven emergency feed-
water pump to avoid overloading the diesel generator.

Breaker auxiliary contacts and protective relaying are used to
supervise contact closures in other safeguards circuits to initiate signals
and control opening and closing circuits for breakers in order to prevent bus
ties and inadvertent " live" bus transfers.

The 480V engineered safeguards distribution system is contained

in two separate 480V unit switch gear rooms 3A and 3B. From these buses, notor

control centers 3A-1, 3A-2, 3A-B, 3B-1 and 3B-2 are provided to feed associated

safeguards equipment. Although MCC 3A-B is switchable between 480V ES Bus

3A or 3B through a manual transfer switch, it is normally configured to Bus

,

D-2
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3A. MCC 3A-1 (and MCC 38-2) supply redundant DC battery chargers for
250/125VDC Battery and distribution system. MCC 3A-1 also supplies two
dual input inverters which in turn supply two 120VAC vital buses 3A and JC.
On loss of AC power the inverter is supplied by the 125VDC batteries to
prevent a loss of power on the vital buses. If an inverter is inoperable,

a redundant backup path to (MCC 3A-1 supplied) regulated 120VAC is available
by manually switching transfer switch VBXS.

Allowable outages for the AC power system are defined by the
following general comments on limiting conditicas for operation of the
class IE AC Electrical Power System. (For a complete description refer
to Section 3/4.8.1 of the Technical Specifications.)

- Minimum conditions for operation require:

e 2 operable circuits between offsite transmission network
and the onsite class IE Distribution ystem.c

2 Diesel Generators (DG's) with associated fuel supplies.e

Although various combinations of the above can be inoperable for
short durations, the most significant combination allows both DG's to- be
inoperable for up to two hours provided two offsite AC circuits are shown
to be operable. If one DG is not restored within the 2 hour time period,
the reactor must be brought to Hot Standby within 6 hours and in Cold Shut-
down within the following 30 hours. If only one diesel is inoperable, it

must be restored within 72 hours or the reactor mst be in Hot Standby withia '

the next 6 hours and in Cold Shutdown within the following 30 hours,

e In addition to the above, all of the Class IE Vital and

Safeguards buses must be operable and energized from their
inormal sources of power. An inoperable bus must be restored |

to operable status within 8 hours or be in Hot Standby with-
in the next 6 hours and in Cold Shutdown within the follow-
ing 30 hours.

- Minimum conditions for shutdown require the following buses
to be operable and energized from sources of power other than
a DG but aligned to an operable DG:

D-3
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s 1 - 4160V Emergency Bus.

e 1 - 480V Emergency Bus.

e 2 - 120V AC Vital Buses.

Containment integrity must be established within 8 hours if less
than the above combination of AC are operable.

Test and surveillance requirements are defined as:

- Each independent circuit between the offsite transmission
necwork and the onsite Class IE Distribution System shall be:

e Determined operable at least once per 7 days by verifying
c)rrect breaker alignments, and sump pumps in tunnel contain-
iag DC control feeds to 230kV switchgear are operable.

e Demonstrated operable at least once per 18 months during shut-
down by transferring unit power supply from the normal circuit
to the alternate circuit.

- Each diesel generator shall be demonstrated operable at least
once per 31 days by verifying fuel level and the diesel is
started, synchronized, loaded, and operated for more than 60
minutes. it.is test can be run during normal operations.

- At least once per 18 months during shutdown:

e Perform preventive maintenance in accordance with manufacturer's
recommendations.

e Simulate LOSP and ESAS signal to verify automatic load shedding,
bus tie breakers open, diesel starts and energizes the auto-
connected emergency loads through the load sequencer.

- Emergency AC buses determined operable and energized from
normal AC sources at least once per 7 days by verifying
correct breaker alignment and indicated power availability.

D-4
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Table D.1 Block loading Sequence

Loading
hquence Quanyty Description

Block 1 i flakeup and Purification
Pump (High Pressure Inj.)

1 Decay Heat Pump (Low Pres-
sure Ir.j.)

Miscellaneous Valves,
Emergency Lighting

2 j Inverters
i '

., ,

1/2 . Control Complex Lighting
'

'

2 Battery Chargers '

Block 2 2 Reactor Building Fan Assemclies,
.

1 Ec.ergency N>tclear Services
.

,

Sea Water Pump i
,

Block 3 1 Emergency NJclear Services
Closed Cycle' Cooling Pump.

t-,
s

Block 4 1 Decay Heat Service Sea ',-
Water Pump

,

-
,*

.
.

\

1 Reactor Building Spray Pump - /
^

I'
, s

1 Decay Heat Closed Cycle i

Cooling Water Pump e'
,

'
, e .

1 >
'

<

Y 9

i

/ .) |

D-5
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Table D.2 Disconnect loads and Additiona' Loads Required

LOADS DISC 0titlECTED

Decay heat pump

i Reactor building spray punp
Decay heat service sea water pump

Decay heat closed cycle cooling water pump
)

)

D-6
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D.2 SYSTEM SIMPLIFIED 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.

:

j 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.

I 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
!

j 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.

j 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.

1 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

i emergency power. Technical Specifications require as a minimum two 4.16kV buses,
I two 480VAC buses (3A&38), and four 120VAC vital buses available unless the

i plant is in cold shutdown or refueling.
430VAC FAULT 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 ground 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
shose components require power from one or more of these buses. Bus opera-

bility is also discussed in Section D.l.2 of this report.

D-9
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120VAC VITAL BUSES

Similarly as was done for the 480VAC buses, each of the four
120VAC vital buses were modeled individually to facilitate transfers. Single
failures for these buses are associated with faults which cause a disruption

of power to the vital bus, e.g. , fuse and breaker faults, switch failures,
etc. Double failures (due to symmetry each of the trees are exactly alike)
are associated with loss of power from the inverter system and loss
of power from the backup 120VAC redundant regulated power supplies. This'

backup source is provided essent'ially only for maintenance purposes on the
inverter and requires switching the manual transfer switch VBXS by the
operator. This human interface is reflected on the tree. The inverter

system failures are represented by single faults with the inverter itself
or doubles reflecting the loss of the normal inverter 480VAC input and the
"uninterruptible" backup connection to the DC power system.

D-10
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Table D.3 (1/4) AC Power Fault Summary - 4.16kV Buses 3A, 3B

SIMPLIFIED FAULT TREE - FAULT SUMMARY

EVENT NAME EVENT COMP 0NENT FAILURE MODE

K000001W Loss of Offsite Power Conditional Event
KDL0013R Diesel Generator A Does Not Run

KDL0013S Diesel Generator A Does Not Start
KLC0013W Relay Logic for Automatic Start Fails to Function
KLC003AW Bus 3A Load Shedding Logic Fails to Function
KCB0010P Circuit Breaker 3206 Does Not Open

KLC0010W Relay Logic for CB 3206 Fails to Function
KCB0011P Circuit Breaker 3205 Does Not Open

KLC0011W Relay Logic for CB 3205 Fails to Function
KCB0012N Circuit Breaker 3209 Does Not Close

KC80012W Relay logic for CB 3209 Fails to Function
E0000DC1 DC Control Power "A" DC Power Not Available
KDL0023R Diesel Generator B Does Not Run

KDL0023S Diesel Generator B Does Not Start
KLC0023W Relay logic for Automatic Start Fails to Function
KLC003BW Bus 3B Load Shedding Logic Fails to Function
KCB0024N Circuit Breaker 3210 Does Not Close
KLC0024W Relay Logic for CB 3210 Fails to Function
KCB0025P Circuit Breaker 3222 Does Not Open

KLC0025W Relay Logic for CB 3222 Fails to Function
T000ESA1 Engineering Safeguards Signal No Actuation Signal
E0000DC2 DC Control Power "B" DC Power Not Available
K0000DLW Diesel Generators 3A, dB Common Mode

K House 01 Electrical Train "B" Out for Service Not a Fault Event
K House 02 Electrical Train "A" Out for Service Not a Fault Event

| E0000DCW Loss of all DC Power Conditional Event

D-ll
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Table D.3 (2/4) AC Power Faul t Summary 480V MCC Buses

SIMPLIFIED FAULT TREE - FAULT SUMMARY
_ _ _ _ _ _ _ _ _ _

EVEtiT fiAME EVEtiT COMPONENT FAILURE MODE

e or E" "
KCB0006X Circuit Breaker 3341 g jgn

KLC0006W Relay Logic for CB 3341 Premature Trans fer

" "
KCB0007X Circuit Breaker 3311 o[ ion

KLC0007W Relay logic for CB 3311 Premature Transfer
"

KCB0008X Circuit Breaker 3221 sion

KLC000BW Relay Logic for CB 3221 Premature Transfer
e rE

KCB0014X Circuit Breaker 3351 g jgn

KLC0014W Relay Logic for CB 3351 Premature Transfer

ea " " "
KCB0015X Circuit Breaker 3361 gm sion

KLC0015W Relay Logic for CE 33G1 Premature Transfer

fP
" "" "

KSW0016X MCC 3A-B Transfor Switch
0 so

KSW0016ft MCC 3A-B Trans fer Switch Does flot Close

Op " E" "
KC30017Y Circuit Breaker 3369

C sion

KLC0017W Relay Logic for CB 3360 Premature Trans fer

" E or
fPKCB0018X Circuit Breaker 3340 C m siop

KLC0018W Relay Logic for CB 3340 Premature Transfer

e r E" "
KCB0019X Ci rcui t Breaker 3310 g jgn

KLC0019W Relay Logic for CB 3310 Premature Trans fer

* " " "
KCB0020 X Circuit Breaker 3220 g si

KLC0020W Relay Logic for CB 3200 Premature Transfer

e r E" "
KCB0021X Circuit Breaker 3350 g jgn

KLC0021W Relay Logic for CB 3350 Premature Trans fer

KTR0030D Sa feguards Auxiliary Trans former 3A Shorts

KTR0031D Sa feguards Auxiliary Trans former 3B Shorts

- - - - - _ - - - - - - - - _ - - . - -_.- a
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Table D.3 (3/4) AC Power Fault Summary - 120VAC Vital Bus 3A and 3C

SIMPLIFIED FAULT TREE - FAULT SUMMARY

EVENT NAME EVENT COMPONENT FAILURE MODE

KCB00AIX Circuit Breaker 3601 Operator Error
(Commission)

KFU00A6B Fuse VBF1 Opens

KSW00A2B Manual XFR Switch 3A VBXS-1A Opens

KSW00A2X Manual XFR Switch 3A VBXS-1A Operator Error
(0 mission)

KSWOOA2il Manual XFR Switch 3A VBXS-1A Does Not Close
KIV00A5W Invertor 3A Fails to Function
KFU00A7B Fuse VBF45 Opens

gmjssion
e" " "" "KCB00A8X Breaker to Inverter 3A

KLC00A8W Relay Logic for Inverter 3A CB Fails to Function
KFU00A9B Fuse VBF 36 Opens

KVRGA10W VBTR-3A 15W Power Supply / Regulator 3A Fails to Function
KFU0A11B Fuse VBF35 Opens

KTROA120 Voltage Trans former VBTR-2A Shorts

era r Er orKCB00A4X Circuit Breaker to VBTR-2A
gm jgn

KLC00A4W Relay Logic for CB to VBTR-2A Fails to Function
,

KCB00C1X Circuit Breaker 3603 Operator Error
( Commission)

KFUOOC6B Fuse VBF 2 Opens

KSWOOC2B Manual XFR Switch VBXS-3C Opens'

KSWOOC2X Manual XFR Switch VBXS-3C Operator Error
(Omission)

KSWOOC2N Manual XFR Switch VBXS-3C Does Not Close

KIV00C5W Inverter 3C Fails to Function
KFU00C7B Fuse. VBF 49 Opens

e r E" "

9[aKC800C7X Breaker to Inverter 3C
j9n

KLC00C8W Relay Logic for Inverter 3C CB Fails to Function
KFU00C9B Fuse VBF 40 Opens

KVROC10W VBTR-3C 15W Redundant pS Regulator 3C Fails to Function
KFU0C11B Fuse VBF 39 Opens

KTROCl2D Voltage Trans former VBTR-2C Shorts

rE "
KCB00C4X Circuit Breaker to VBTR-2C sjgn

KLC00C4W Relay logic for CB to VBTR-2 Fails to Function
D-13
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Table D.3 (4/4) AC Power Fault Summary - 120VAC Vital Bus 3D and 3D

SIMPLIFIED FAULT TREE - FAULT SUMMARY

EVENT NAME EVENT COMPONENT FAILURE MODE

fP
" E" "

KCB00BlX Circuit Breaker 3602
Co sion

KFU00B6B Fuse VBF 3 Opens

KSW00B2B Manual XFR Switch VBXS-3B Opens

KSWO0B2X Manual XFR Switch VBXS-3B s on

KSWOOB2N Manual XFR Switch VBXS-3B Does Not Close

KIV00B5W Inverter 3B Fails to Function
KFU00B7B Fuse VBF 47 Opens

fP
"

KCB00B8X Breaker to Inverter 3B
Co sion

KLC00B8W Relay Logic for Inverter 3B CB Fails to Function
KFU00B9B Fuse VBF 38 Opens

KVROB10W VBTR 3815W Redundant PS Regulator 3B Fails to Function
KFU0B118 Fuse VBF 37 Opens

KTR0B12 D Voltage Transformer VBTR-2B Shorts

f[
"E "

KCB00B4X Circuit Breaker to VBTR-2B sion
KLC00B4W Relay Logic for CB to VBTR-2B Fails to Function

f{g
e r Er or

KCB00DlX Circuit Breaker 3604 jgn

KFUOOD6B Fuse VBF 4 Opens

KSWOOD2B Manual XFR Switch VBXS-10 Opens

r
KSWOOD2X Manual XFR Switch VBXS-1D

0n

KSWOOD2N Manual SFR Switch VBSX-1D Does Not Close

XIV0005W Inverter 3D Fails to Function
KFU0007X Fuse VBF 51 Opens

fpea
r E" "KCB00D8X Breaker to Inverter 3D g jgn

KLC00D8W Relay Logic for Inverter 3D CB Fails to Function
KFU00D9B Fuse VBF 42 Opens

KVR0010W VBTR-3015W Redundant PS Regulator 3D Fails to Function
KFUODllB Fuse VBF 41 Opens

KTR0012D Voltage Trans former VBTR-2D Shorts

era or E orKCB0004X Circuit Breaker to VBTR-2D
g j9

KLC00D4W Relay logic for CB to VBTR-2D Fails to Function
D-14
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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 rom 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 limits). 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 (both single trains and
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 negligible 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 within an acceptable time frame to
nitigate 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.

e For 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 af ter 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 res tart) .

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.
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Table D.4 AC Power

SUCCESS REQUIREMENTS

INITIATOR ^ RAINS NOTES

B1, B2, B3, B4 1/1 480V, 4160V buses 1,2
All Transients

LOSP 1/2 AC power trains 1,2,3

NOTES: 1. Train A of AC power supplies power to the A trains of engineered
safety systems. Train B supplies power to the B trains of these
systems.

2. Analysis was performed for individual 480V buses for the case
where offsite power is available. Analysis was performed for
the A and B trains of AC power for the loss of offsite power case.
No analysis was performed for the 120V AC vital buses for the
offsite power available case, since these involve failures of the
480V buses, coupled with additional failures, which make the
failure probabilities negligible.

3. For the loss of offsite power case, credit is given for obtaining
power from units 1 and 2 through the auxiliary transformer.
An assessment of the availability of this additional backup power
source is contained in the analysis.
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Table D.5 AC Power

TOP EVENT DEFINITIONS

BOOLEAN

3EPRESENTATION TOP EVENT NOTES

Non-LOSP-CASE

3Al No power on 480VAC bus 3A-1
,

MCC3A No power on 480VAC bus
MCC3A

3A2 No power on 480VAC bus 3A-2

3B1 No power on 480VAC bus 3B-1

MCC3B No power on 480VAC bus
MCC-3B

3B2 No power on 480VAC bus 3B-2

MCC3AB No power on 480VAC bus 3AB

LOSP-CASE
ACA No power on 4160V ESF bus 3A

ACB No power on 41t0V ESF bus 3B

AC No power on either 4160V ESF
bus 3A and 3B

A2 No povrer available from Units 1 and 2
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AC=ACA*ACB

Failure of 2. 3 E-3
Both

_ AC-Trains (See Note 1)

(h

Failure of Failure of
AC Train A AC Train B

ACA ACB \
3.2 E-2 3.2 E-2

NOTE: (1) ACA and ACB are not independent, thus Boolean reduction is
required to evaluate AC.

Figure D.3 Modulcrized Fault Tree for Event "AC" (LOSP)
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Figure D.6 Modularized Fault Trees for Events "3A-1" and "3A-2" (Non-LOSP)
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Figure D.7 Modularized Fault Trees for Events "3B-1" and "3B-2" (Non-LOSP)
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Figure D.8 Modularized Fault Tree for Event "MCC-3AB" (Non-L OSP)
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Table D.6 (1/2) AC - Power LOSP

B00LEAll EQUATIONS BASED ON MODULARIZFD FAULT TREES

TOP EVENTS
NOTES

AC = ACA ACB (1)

INTERMEDIATE EVEN11S

ACA = Al + AX1 + A2-(A3 + AM1)

ACB = A4 + AX2 + A2-(A5 + AM2)

A2 = ( A6 + A7)J; A8 + A9)

AX1 = DCA

AX2 = DCB

BOOLEAN ElUATIONS REGROUPED FOR BOOLEAN REDUCTION

TOP EVENT

AC = (Al + AX1)-[A4 + AX2 + A2-(A5 * A"2)] + (2)
+ A2-[(A4 + AX2)-(A3 + AM1) + 'M 4 A3 AM2 + A5 AMl]

INTERMEDIATE EVENTS

SAME AS AB0VE

.

NOTES: 1. This event AC is not Boi) lean reduced.

2. The event AM1 AM2 is prohibited by Technical Spbcifications
'

and is therefore not included. ./

,- 4
,

a $

+

' * ,
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Table D.6 (2/2) AC - Power Non-LOSP

BOOLEAN EQUATIONS BASED ON MODULARIZED FAULT TREES

TOP EVENTS

3Al = AF6 + MCC3A

3A? = AF7 + MCC3A

3B1 = AF8 + MCC3B

3B2 = AF10 + MCC3B

3AB = (AF9A + MCC3A)-(AF9B + MCC3B)

INTERMEDIATE EVENTS

MCC3A = AFl + AF4

MCC3B = AF2 + AF5

/
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Table D.7 AC Power

QUANTIFICATION TABLES

NOTES

1 Times for the injection phase can vary from 0.5 to 10 hours
depending on LOCA size. A fault duration time of 10 hours
was conservatively chosen for the injection time.

2 This fault was not evaluated but was assumed to be of lower
probability than other faults in this gate.

3 Testing occurs approximately three times a month with an average
duration of three hours. Testing itself does not remove the
diesel from service; however, loss of offsite power during testing
would present the diesel with a full-load reject situation, which
is assumed to trip the diesel off-line. Unscheduled maintenance
occurs approximately two times per year with an average duration
of 15 hours.

4 Technical Specifications require the plant to go to hot
shutdown within eight hours after loss of AC-bus. This fault
was assessed as an unavailability of a failed equipment.

5 Ten hours fault duration time was conservatively assumed to
represent the injection phase.

6 Availability for unit is defined as portion of time plant is
producing power or in spinning reserve. Plant records show this
to be about 80% of the time for CR-1 and CR-2.

7 Unit has experienced two opportunities to run back on loss
of offsite power, and has been successful once. Hence, the
probability of a successful runback was estimated as 0.5.

8 See DC Power Distribution System quantification tables for
10SP case.
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Table D.8 AC Power Quantification Summary

.

BOOLEAN POINT
VARIABLE ESTIMATES

i

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 3.2 E-3
DCA 3.2 E-3
AM1 1.6 E-2
A4 1. 0 E- 3

A5 6.2 E-2
AX2 3.2 E-3
DCB 3.2 E-3
AM2 1.6 E-2
AF6 1.4 E-5
MCC3A 5.6 E-5
AF1 1.4 E-5

i AF4 4. 2 E- 5

AF7 1.4 E-5
AF8 1. 4 E- 5

MCC3B 5.6 E-5
AF2 1.4 E- 5

AF5 4.2 E-5
AF10 1.4 E- 5
AF9A 1. 4 E- 5

AF9B 1.0 E-2
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APPENDIX E NUCLEAR SERVICES CLOSED CYCLE COOLING SYSTEM (NSCCCS)

E.1 SYSTEM DESCRIPTION AND OPERATION

The Nuclear Services Closed Cycle Cocling System (NSCCCS) is

a safety related system which provides cooling to various nuclear oriented
equipment during normal and emergency operation. Typical loads during
emergency operation are makeup pumps MVP-1 A and 1B (part of the HPI system),

reactor building fan assembly cooling coils, ventilation fan riotor coolers,
and control complex chillers. In addition, the NSCCCS provides cooling to
its own pumps and to the pumps of the Nuclear Services Seawater System (NSSWS).

The NSSWS is part of the Raw Seawater System and serves as a heat sink for
the NSCCCS.

E.1.1 SYSTEM DESCRIPTION

The NSCCCS, shown in Figure E.1, is a single closed loop system
that removes heat from the containment atmosphere and component heat. The
once-through Nuclear Services Seawater System (NSSWS), shown in Figure E.2

takes suction from the seawater sump, removes heat from the closed cycle
loop, and discharges into the seawater discharge canal . Component design

information for the major components in these systems is given in Table E.1

The NSCCCS consists of one normally operating pump, SWP-lC, and
two 100% rated emergency pumps, SWP-1 A and -18. The non-safety pump SWP-lC

is sized to supply the normal flowrate of 6900 gpm - which is insufficient
for emergency operation. The emergency flow rate of 11,000 gpm can be de-
livered by each of the two emergency pumps. SWP-l A and -1B each consists
of two half-sized pumps driven by a single shaft. Each of the five pumps
has a check valve in the discharge line and a manual blocking valve on either
side. The pumps discharge into a single header. The main line is 18 inches

in diameter. At each heat load center, smaller lines supply water to the,

individual components. Most of the major heat load centers can be isolated
by manual block valves.

E-1
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The heat absorbed by the NSCCCS is transferred to the NSSWS by
a bank of four one-third capacity heat exchangers (HE). Three operable
heat exchangers are required for both emergency and normal operation. The

HE's have no automatic isolation capability. Each HE has an inlet and outlet
manual blocking valve on both the seawater side and the primary side. The

heat exchangers are of the shell and tube type, with seawater flow through
the tubes. The NSCCCS emergency flow rate of 3700 gpm per HE results in a

6heat rejection rate of 92 x 10 BTU /hr per heat exchanger. Outlet tempera-
ture of the HE's is 105 F under emergency operation.

The NSSWS has one non-safety pump for normal operation and two
100% redundant emergency pumps. The non-safety pump RWP-1 is sized for a
normal flow rate of 10,800 gpm and cannot supply the emergency flow rate
o f 14,100 gpm (4700 gpm/HE). Each pump is provided with a check valve on
the discharge side and with manual blocking valves on both sides for isolation
purposes. The inlet temperature is determined by the Gulf of Mexico.
Technical Specification prohibits operation if the inlet temperature rises
above 105 F. For environmental reasons, the temperature rise through the

Uheat exchanger is limited to a maximum of 6 F. Seawater flows by gravity from
the intake canal to the seawater sump, through 48 inch pipes. The emergency
pumps are installed in separate compartments of the seawater sump to allow
the isolation of either compartment for service without disabling the system.

The pump motors are cooled by the NSCCCS. The bearing is cooled
by the domestic water supply. If that system fails, the demineralized water

supply can provide water through the domestic water lines. If both of these
systems fail, seawater will back into the oearing. This provides adeouate

cooling although it is not desirable for long-term cooling because of
corrosion considerations.

The NSSWS has no H0V's or remotely operated valves. There are

no locked valves in the system. Manual valves are locally indicated.

The p"mps in the NSCCCS and NSSWS are powered from the 4160V

ESF buses.

E-2
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E ,1,2 SYSTEM OPERATION

The NSCCCS and the NSSHS are continuously operating systems
required for normal plant operation. Upon ESAS, the nonessential loads
on the NSCCCS are isolated by closing the inlet and outlet valves in the
appropriate line. These loads are primarily isolated to protect against
missile damage to the NSCCCS and subsequent drainage of the system. The

-

loads involved are not active during post-LOCA time periods. The ESAS

will start both NSCCCS pumps (SWP-1 A, -1B) and both Raw Water Pumps (RWP-
2A,-28). Fifteen seconds after either emergency pump in each system
starts, the corresponding non-safety pump is tripped.

If one HE is inoperable due to rupture, blockage, or electrolytic
erosion / corrosion, the HE-bank can be reconfigured during plant operation
by isolating the faulty exchanger on both sides and opening the block valves
on both sides of the inactive heat exchanger. The inactive HE is not
required to be tested for operability. There is a procedure for freshwater
layup on the seawater side to prevent marine growth for long periods of time.

The pumps SWP-1A, -B and RWP-2A, -2B are required to be started

once a month (SP-344). The pumps are tested on a two-week staggered basis.
Testing of the pumps does not disrupt system service. Technical Specifications
require that two emergency pumps be operable in each system. Plant operation
can continue for not more than 72 hours if only one emergency pump is avail-
able in the NSCCCS or in the NSSWS.

I
E-3

_
,



Table E.1

Component Design Information
.

Nuclear Service Heat Exchangers

4Number
Shell and TubeType

Sea Cooling Water Flow (tubeside), gpm 4700 Emerg; 3600 Normal
Sea Cooling Water Temperature, F 85

Closed Cycle Cooling Water Outlet Temp, F 105 Emerg; 90 Normal
Closed Cycle Cooling Water Flow (shell

side),gpm 3700 Emerg; 2300 Normal

Tube Material 90-10 Cu-Ni
Welded Carbon SteelShell Material

Channel Material 2% Nickel Cast Iron
Design Pressure, Shell/ Tube, psig 200/100

|

Design Temperature, Shell/ Tube, F 180/150

| Code / Seismic Class ASME Section VIII/I
692 X 10 EmergencyDuty Btu /h

Nuclear Service Seawater Pumps

Number 2 Emerg; 1 Normal
14,100 Emerg; 10,800 NormalFlow, gpm

Design Head, ft 144 Emerg; 98 Normal
Design Pressure, psig 100

Design Temperature, F 109

Seismic Class I

Nuclear Service Closed Cycle Cooling Pumps

Number 2 Emerg; 1 Normal
11,000 Emerg; 6,900 Normalflow, gpm

Design Head, ft 190 Emerg; 110 Normal
Design Pressure, psig 200

135Design Temperature, F
Seismic Class I

Nuclear Service Closed Cycle Surge Tank

1Number
Capaci ty , gal . 10,000

135Design Temperature, F
Design Pressure, psig 100

Material Carbon Steel, ASTM

Code / Seismic Class ASME Section VIII/I

E-4
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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, several
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-lC and RWP-1) in service.
Figure E.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 shtem 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.

ftAJOR ASSUMPTIONS

The assumptions used to construct the detailed fault trees for
NSCCCS and NSSUS 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-lC 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.

-E-8
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3. The normal nuclear service pump can not supply the
emergency flow rate.

4. Failure to isolate nonessential loads from the NSCCCS
is not necessarily a failure (these loads being the
CRDM coolers, RCP motor coolers, waste evaporators, etc.).
The loads are not isolated for heat load or hydraulic
considerations. Isolation is desirable because the
components are not missile protected and are located in
LOCA-missile susceptible areas.

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

6. The pumps are sel f-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.

7. The system does not require reconfiguration for testing.

8. Components, lines, and valves that were considered to be
insignificant were omitted from the fault treen.

NSSWS - Fault Tree

1. 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.

2. RWP-2A and 2B are cooled by the NSCCCS. If the motor loses
cooling, it is assumed to fail immediately Loss 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.

3. 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 28. However, the pump room
is large and is equipped with a sump pump.

E-9
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| 4. Pump cavitation was considered unlikely enough to be
ignored.

5. The normal seawater service pump cannot supply the
emergency flow rate.

6. Pump and check valve testing do not cause the system
to be unavailable.

7 It was assumed the intake canal never goes dry while the
plant is operating. T.S. 3.4.7.5 limits the bottom of
the canal to EL 74 and the minimum water level to EL 81.
T.S. 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
may be taken out of service for maintenance, one at a time.
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 preclude block-
age by shipwreck. There are large grates on the intake
structure which remove trash, seaweed, flotsam, and jetsam
from the seawater. It was assumed that blockage of these
grates to the extent that they block flow is not possible.

8. OP-416 contains a procedure for the lay-up of the seawater
side of the inactive NSCCCS heat exchanger (SWHE) 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 inadvertently left in the wrong position. For
this reason, improper filling procedure was not considered
a possible fault.

9. Due to its nature, the seawater system is exposed to a
very corrosive-marine growth environment. Equipment in the
system was therefore assigned higher failure rates (an
order of magnitude) than would have been the case for equip-
ment operating in freshwater. Failure (plugging, blockage,
marine-encrustation) of equipment in the dormant state was
also considered. However, plugging and blockage of equip-
ment while in operation was not considered likely.

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

.
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Figures E.3 through E.6 Simplified Fault Trees

NOTES

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:

IB IC 1D

SWV-18 RWV-6 SWV-19 RWV-15 SWV-20 RWV-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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E.3 SYSTEM QUANTIFICATION

E.3.1 SYSTEM RELIABILITY CHARACTERISTICS

The majc. 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 seaua'er pumps (RWP-2A and -2B) or of the two check
valves in the pump discharc< (RWV-35 and -38). However, i f offsite power
is not available the dominant contributor to the system's unavailability is
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 0.56).

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 closed. 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 chase
is dominated by faults that occurred during the injection phase in one
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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E.3.2 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 quantitativa 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-lC and RWP-1 in
service, Figure E.3) was transformed into a modularized fault tree.
Evaluating the system's unavailability for the normally openting 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 one 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,

i

I

|
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Table E.2 NSCCCS Injection -- System Success Requirements

INITIATOR TRAINS NOTES

B1, P2, 83, 84 One pump flow for component 1,2,3
Transient initiators cooling during injection.

NOTES: 1. The NSCCCS is required to supply containment cooling water
,

l to the containment cooling fans and high pressure system
pumps MVP-1B and MVP-1 A during injection and recirculation.

2. The NSCCCS is a single loop system but with dual pumps.
The ultimate heat sink is the 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.

1
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| Table E.3 ftSCCCS Injection - Top Event Definitions

|
1

000LEAtl
REPRESEflTATI0fl TOP EVENT NOTES

fl Failure of the fiSCCCS to deliver 1

one pump flow with ultimate heat
removal for component cooling during
injection

flC Failure of the flSCCCS to deliver 2

one pump flow during injection.

NR Failure of the fiSSWS to provide 3

ultimate heat removal during

injection.

q

NOTES: 1. The event it includes failures in both NSCCCS and in the flSSWS.

2. The event flC is defined for convenience of analysis.

3. The event NR is defined for convenience of analysis.
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flon-LOSP: 1.3 E-4 (N te 1)
N LOSP: 2.8 E-3

-

.

Closed Cycle Seawater

bf"ts System Double Systempu
Faul ts Double Faults

NI NC NR

c flon- LOS P : 1.4 E-5 Non-LOSP: 1.1 E-4
LOSP: 2.3 E-3 10SP: 2.4 E-3

Figure E.7 (1/3) Modularized Fault Tree For Event "?!"

- i
| l

i
i
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Non-LOSP: 1.4 E-5 (Note 1)
NC LOSP: 2. 3 E- 3

(h

Closed Cycle Closed Cycle
Train A Train B
Outages Outages

- -

Train A Train A Train B Train B
Hardware Interface Hardware Interface
Faults Faul ts Faults Faults,

N2 X1 3 NX2

3.1 E-3 Non-LOSP: c 3.1 E-3 Non-LOSP: c |
LOSP: 3.2 E-2 LOSP: 3.2 E-2

Train A Train B
flaintenance Maintenance

Outages Outages

NM1 NM2

5.3 E-4 5.3 E-4

Figure E.7 (2/3) flodularized Fault Tree For Event "NC"
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N n-LOSP: 1.1 E-4 (Note 1)NR
LOSP: 2.4 E-3

O

NSSWS NSSWS
Train A Train B
Outages Outages

O O
-s -,

Train A Train A Train B Train B
Maintenance Interface Maintenance Interface

Faults Faults Faults Faults

NH3 NX1 NM4 NX2

1.1 E-3 Non-LOSP: c 1.1 E-3 Non-LOSP: c
LOSP:3.2 E-2 LOSP: 3.2 E-2

Train A Train B
Hardware Hardware

Faul ts Faults

i ~~ -s

flon-coupl ed Hardware Faults Non-coupled Hardware Faults
Hardware That Are Hardware That Are Coupled

Faul ts Coupled With Faul ts w/ Train A Faults
Train B Faults

M N7

9.0 E-4 N6 N5 , 1.1 E-3
1.1 E-3 9.0 E-4

Figure E-7 (3/3) Modularized Fault Tree For Event "NR"
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Figure E.7 flSCCCS - Injection

"AULT TREE

fiOTES

1 These probabilities are based on Boolean reduced equations.

a
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Table E.4 NSCCCS - Injection

j .B00 LEAF 1 EQUATIONS BASED Of1 MODULARIZED FAULT TREES

;

TOP EVENT NOTES

: '

! |
j fl = N1 + NC + NR 1

'

;

j INTERMEDIATE EVENTS

i
.

NC = (N2 + NM1 + flX1)-(N3 + HM2 + NX2) 1

NR = (N4 + N6 + NM3 + NX1)-(N5 + N7 + NM4 + NX2) 1
,

,

1 :

j NX1 = ACA + DCA NX2 = ACB + DCB '

B0OLEAN EQUATIONS REGROUPED FOR BOOLEAN REDUCTION
!

'

TOP EVENT
;

! !

] N = N1 + ACA-(N3 + N5 + N7 + Nf12 + NM4) +

f + ACB-(H2 + N4 + N6 + NM1 + NM3) +

) + ACA ACB + N2-(N3 + NM2) + N6-(fl5 + flM4) +
j + N4-(N5 + fl7 + NM4) + flM3-(N5 + N7) +

+ N6 N7 + fl3 NM1 2

i
!
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Table E.4 NSCCCS Injection

BOOLEAN EQUATIONS BASED ON MODULARIZED FAULT TREES

NOTES: 1. These Boolean equations are not reduced to remove
cross maintenance terms that are prohibited by
Technical Speci fications .

2. These Boolean equations have been reduced to remove
cross maintenance terms that are prohibited by
Technical Speci fications. The DC - dependency is
included in ACA and ACB.
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. . . . . ..

#IEVENT CorMMENT EVENT OR FAULT DESCRIPTION RATE HR-1) DURAT CN(NR) B C 04 SENS, NOTES

NI SINGLE FAILUFIS - VAP100S PIPE AND
VALVE RUFIUFIS c 1

N6 N7 COUPLED HARNARE FAULTS 1.1 E-4 2+, 2- B 5

( r*JP-24
'

(PNP-25)) x .

2+, 2- B 5CcVPLED SEAWATER PUMP FA! LURE (1.0 E-3)(.1) 1.0 E-4

bb'fh* COUPLED SEAWATER CHECKVALVE FAILURE (1.0 E-4) (.1) 1.0 E-5 2+, 2- S 5

t-1.1 E-4 *
m

|m

. N6

s

T
m *
I

L.J

= j

g

|E'
8
C
2:
O
C
8

|

|

1

1

__. , a



I

FAttesE FAULT t UNAVAILABILITY { ERROR !I
| !

"

|PATE49-1) | DURAT!cN(HR) i CR PFCSA3ILITY | FACTCR
.- - _ . . - - _ _ . - - -..--- -.- - ..-...A . - -

; -- . - -=| NOTES; EVENT | CO. PO*.ENT EVENT CR FAULT CESCRIDTICN

j 'C |CLCCED CYCLE TFAl's A 9 0 nFE FA2TS 3.1 E-3 |10+,131 i

FAILS TO START i D 1.0 E-3 3+,3-| I1

| |PW S9-1A |
,

{FAILSToRuN | 3.0 E-5 13 | 3.0 E-4 13+, 1T ! ) 2
| PJ? EJP-1A

5, b |,

I ESFAS-A ' No SIGNAL AND FAILURE TO RECOVER (2.l! fJfA 1 2.1 E-S
f''

i

PEM'.LVE i ! 5

JV- 3 FAILS TO OPEN | D 1.0 E-4 3*, 3' '

R ECK V;LVE ji-

1.0 E-4 3+, 3-LV-412 FA:ts TO CPEn | D i
li

SiV-5 s uTTra F Ly v4tsE INADVERTENTLY CLCSED ?.'12)(1.0 E-23 ..CE" 13+,19-| H j 4 y
I m

| !?fV-413 2. " M !19+,10i H 4
. 'i2XI.3 E-2j ; EsuTTERFtY VALVE INADVERTENTLY Ci.0 SED

V i-e !13+,13- H 4 *
| CIV-2 BUTTERFLY V A L'. E INADVERTENTLY CLOSED L 02 41.0 E-2)|

'

i t ii "
4 i

.

t r. ADVERTENTLY CLOSED f(,02 C.3 E-2q 2.0 E-L 10+, 13- Hj TJV-Mi BUTTERFLY VALVE
< -

mjt

f(.02Xl.']E-2) 2 3 E-4 10+, 10- H 4S'iv-139 r4NuAt vAtvE INADVERTENTLY CLOSED ,

i I %
TdV-424 MANUAL VALVE INADVERTENTLY CLCSED (.P2X1.0 E-21 2." c-L I 13+, 13- H 4 %

: m
i

.( 2.^ E- 13+, 13- H 4 -
;SWV-153 MANUAL VALVE INADVERTENTLY CLOSED i ,02Xl.3 E-2]

CLOSED ( 02:(1.9 E-2) 2." E-c |13+,10-; ,

H 4'
S'lV-426 m

| "ANUAL VAwVE INADVERTENTLY |
- <

j :=3.1 E 2 @
oM ij, iG1 TDINTEWiCE OUTAGES 5 ' F-4 -

FUI? S'.iP-1A OUT FOR ttAINTENANCF . C2/720 19 5,T E u 3*, 3- M 55O
=;

NX1 |SYSTEii I;iTEFFACE FAULTS
-

c,

! E
'

ACA AC TFAIN A FAILS a
E "

NON LCSP
I 2.!LOSP 2.2 E-2
! n

1 *
DCA DC TPA!N A FAILS e

a.
C oNON LOSP s

3.2 E-3LCSP

7i3 CLOSED CYCLE TPAIN B HARD4 ME FAULTS 3.1 E-3 10+, 13-

PUI'.P Si?-1B FAILS TO START D 1.0 E-3 3+, 3-

FU;P Sh'P-1B FAILS TO RUN 3.0 E-5 10 3.0 E-4 10*, 101 2

ESFAS-B NO SIGNAL AND FAILURE TO RECOVER (2. } [-4 ;(0, } } 2.1 E-5 3,E

CHECi VALVE

!'fV-9 FAILS TO OPEN n 1.0 E '' 3+, 3-S

! | |MCKVALVE|

FAILS TO OPEN D j 1.0 E-4 3+, 3 i jJ -413 ;
,

| jINADVERTENTLY CLOSED;f.02)(1.3 E-2f j 2.0 E-4 10+, 13- H 4S'.lV-6 BUTTf" wY VALVE

l .S'lV-411 BUTiERFLY VALVE INADVERTENTLY CLOSED'(.02)(1.0 E-2) i 2.0 E-4 10+, if H ! 4 :
i | 1 4 t I .=



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

1 FAI URE [ FAULT UNAVAILABILITY ERROR SENS. NOTESEVENT C0f*PCP;E NT EVENT OR FAutt LESCRIPTICN RATE HR-1) [ CURATicN(HR) OR PROBASILITY FACTOR

__ _ _ _ __ _p _

SW-03 suTTERFLY VALVE If. ADVERTENTLY CLCSED f .n2X1.0 E-2: 2.0 E L 10+, 10" H 4

STh140 MANUAL valves INA:VERTENTLY CLOSED ( .02X,1.0 E-2: 2.0 E-4 l'0+, 10- H 4

SW-425 MANUAL VALVES INADVERTENTLY CLOSED (.02 X1.0 E-21 2.0 E-4 10+,10] H 4

SW-154 rAsuAt vatvES INADVERTENTLY CLOSED (.0241.0 E-2: 2.0 E-4 10+, 10' H 4
g

SW t:27 m uuAL VALVES INADVERTENTLY CLOSED (.02 <1.0 E-2: 2.0 E-4 10+, 10- H 4

t=5.1 E-3

Ti?"2 PAINTEN% ICE OUTAGES 5.3 E-4 3+, 3- M g
Pui? SWP-13 OUT FOR MAINTENANCE 02/720 19 5.3 E u 3+, 3- M $

cv

NX2 SYSTEM INTERFACE FAULTS m
ACB f4C TRAIN B FAILS h

NON LOSP ]'

LOSP 5.2 E-2 D
-

DCD DC TRAIN B FAILS m
'NON LOSP

C toSp 3.2 E-3 r+
=

2
-

h
= i

i

2 !
n
Os
et

a .

,

I



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

EvtNT co~ecnENT EvtNT om FAULT DEscstfT!CN g, I\ E,3) |DURATON(HR)FA SENS. NOTES Y
E R R ABILI OR J z

N4 h0N-COUPLED TFAIN A HARNARE FAULTS o.n E-4 10+, 10- H m

FAILS TO RUN 3.0 E-5 10 3.0 E-4 13*, 10- 2 6
ft?PFVP-2A

No sicNAL AND FAILURE TO RECOVER (2.l E-4) (0. ]) 2.1 E-5 3, 6 --

f5;AS-A
!(.n2)(1.0 E-2: 2.0 E-4 13+, IT H 4 3

*

IFWV-24 BUTTERFLY VALVE INADVERTENTLY CLOSED
~

WV-ItG. MANUAL VALVE INADVERTENTLY CLOSED (.02XI.0 E-2: 2.0 E-4 10+, 10- H 4 m
|
SWV-166 MANUAL VALVE INADVERTENTLY CLOSED C.02XI.0 E-2: 2.0 F-4 10+, 10- H 4 ;@

r=9.0 E-4 7+

:!
ii6 COUPLED TPAIN A HAFOARE FAULTS 1.1 E-3 3+ 3- S x

Pl?P RWP-2A FAlts T0 START D 1.0 E-3 3+[3- s
-

@
HECLVALVE

7 dV-35 FAILS TO OPEN D 1.0 E-4 3+, 3- S g
r=1.1 E-3 C

t- [ -+,

1.1. E-3 3+, 3- N
TRAIN A . AINTENANCE OUTAGES%fm3 co

PtrP PWP-2A OUT FOR MAINTENANCE .02/720 19 5.3 E ti 3+, 3- il C
8

FHECK VALVE .02/720 19 5.3 E-4 3+, 3- M
NV-38 OUT FOR MAINTENANCE

r=].1 E-3

.___-___.
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Table E.5 NSCCCS - Injection

QUANTIFICATION TABLES

NOTES

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

2 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.

3 The failure of ESFAS to actuate single equipment was assessed
as 2.1 E-4 (Event ISS1 in ESAS quantification). Although
this number is insignificant, it is correct only for the B4 LOCA.
It is conservative for the other LOCA cases. Failure to recover
was assumed to he 0.1 oer act.

The frequency of maintenance was assumed to be 0.02 acts per4 month. The probability of leaving a valve in the incorrect
position after maintenance was assessed as lE-2 per maintenance
act.

5 The failure of these components was assumed coupled since
they see the same seawater environment. A coupling
coefficient ( 6 factor) of 0.1 was assumed.

Failure of ESAS to provide actuation signals to both trains
6 is not included because the potential for recovery is high

enough to make this contribution negligible.

,

|
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Table E.6 flSCCCS - Injection Quantification Sumary

!

BOOLEAN ; POINT
VARIABLE |

ESTIfMTES

fil c

N2 3.1 E-3

N!11 5.3 E-4

N3 3.1 E-3

Nii2 5.3 E-4

N4 9.0 E-4

NS 1.1 E-3

till3 1.1 E-3
,

fl5 9.0 E-4

1.1 E-3N7
|

flit 4 l.1 E-3'

fl6 N7 l.1 E-4
;

ACA
| c*

3.2 E-2**

ACB c*
3. 2 E-2 **

ACA ACB 2.3 E-3
|

. - - . . - . . .

*offsite power available
**offsite power not available
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E.3.3 SYSTEM FAULT TREE QUANTIFICATION -- RECIRCULATION PHASE

This section presents the quantification of the NSCCCS un-

availability for required emergency operation during the recirculation
phase of a postulated accident. As for the injection phase, modularized

faul t trees were constructed. Credit was given for recovery of certain
failures which occurred during the injection phase, e.g., events N*3 and N*4

in the quantification tables.

Table E.7 shows the NSCCCS success requirements. Table E.8

contains the top event definitions, and Figure E.8 shows the modularized

faul t tree. The unavailability of each gate is shown on these trees, as
well as the top event unavailabilities. Table E.9 shows the Boolean

equations that represent the fault tree. Table E.10 shows the quantification

of each gate, by component and failure mode. The attached notes explain
the assumptions used in the quantification. Table E.ll 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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|

|
Tabl e E.7 NSCCCS Recirculation -- System Success Requirements |

|
|

INITIATOR TRAINS NOTES

B1, B2, B3, B4 One pump flow for component 1,2,3
transient initiators cooling during recirculation

,

'

t
i

!

NOTES: 1. The NSCCCS is required to supply containment cooling water
to the containment cooling fans and high pressure system
pumps HUP-13 and MVP-1 A during injection ,and recirculation .

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

s-
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Table E-8 NSCCCS Recirculation -- Top Event Definitions

BOOLEAN
REPRESENTATION TOP EVENT NOTES

N* Failure of the NSCCCS to deliver 1

one pump flow with ultimate heat
removal for cooling during recir-
cula tion .

NCl*(NC2*) Failure of the NSCCCS Train A(B) to 2

deliver pump flow during recirculation.

NRl* (NR2*) 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 NCl* (NC2*) is defined for convenience of analysis.

3. The event NRl*(NR2*) is defined for convenience of analysis.

E-48
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|lRI * 7.2 E-4

[ b
-

1

Train A Train A
R.W. Hardware R.W. System

Faults In Interface Faults
Reci rc ula tion In Recirculation

fi * 7 il* X 1

7.2 E-4 c

flR2 * 7.2 E-4

[h
- s

L

s

Train A Train A
R.tl. Hardware R.W. Systen

Faults In Interface Faults
Reci rcul ation In Recirculation

N*8 *y2

7.2 E-4 c

Figure E.8 (2/3) Modularized Fault Tree For Event "NRl*"
an d "NR2 *"
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NCl* 7.2 E-4

-

Train A Train A
C.C. Hardware C.C. System

Faults In Interface Faults
Recirculation In Recirculation

1*5 N*X1
7.2 E-4 c

NC2* 7.2 E-4

- s

Train B Train B
C.C. Hardware C.C System

Faults In Interface Faults
Reci rculation In Recirculation

N*6 N*X2
7.2 E-4 c

Figure E.8 ( 3/3) Modularized Fault Tree For Event "NCl*"
and "NC2 *"
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Table E.9 ftSCCCS - Recirculation

BOOLEAN EQUATI0flS BASED ON MODULARIZED FAULT TREES

TOP EVEflT NOTES

N* = flCl*-(N3+NM2) & fiC2*-(N2+NM1) + NCl* NC2* +
I

+ flRl* N*4 + NR2* N*3 + NRl* NR2*

NCl* = N*5 + N*X1

NC2* = N*6 + N*X2

NRl* = N*7 + fl*X1

NR2* = N*8 + N*X2

INTERMEDIATE EVENTS

N*X1 = ACA*

N*X2 = ACB*

BOOLEAN EQUATIONS REGROUPED FOR BOOLEAN REDUCT10fl

TCP EVEflT

N* = N*5 N*6 + N*8 + N*4 N*7 + N*7 N*8 +

+ ACA* ACB* + ACA*-(N3+NM2+N*6+N*4+N*8) +

+ ACB*-(N2+NMl+N*5+N*3+N*7) +

+ N*5-(N3tNM2) + N*6-(N2+NM1) 2

NOTES: 1. This equation has not been reduced.

2. This equation is Soolean reduced.
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i R

EVE %T CO* 60r:ENT EVENT OR FAULT CESCRIrTION ,,7g p,2} ,,,A t T(H1)E F gy, g,,3
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Table E.10 NSCCCS - Recirculation
i

QUANTIFICATION TABLES

NOTES

1 Valves inadvertently closed and fail to recover were assessed
as 2.0 E-4 probability of the valve being in the closed position
times 0.1 probability of no recovery. See NSCCCS - Injection
Quantification Tables.

.
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Table E.11 NSCCCS - Recirculation Quanti fication Sunnary

. . _ _ .
_ . , . _ _ _ _

'

!

BOOLEAN POINT'

VARIABLE ESTIl1ATtS j
!

!
i N*5 7.2 E-4 .

I

|i N*XI ! c
i i

f ACA* c .

'

j l,

| N*6 | 7.2 E-4
i

! N*X2 i c
! !

!'
I

ACB* i c
! I

j N*7 . 7.2 E-4
: ;

I N*8 | 7.2 E-4
| |

1 N*3 ; 2.6 E-3
| I

'

i N*4 2.6 E-3
I ,

|
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|
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APPENDIX F DECAY HEAT CLOSED CYCLE COOLING SYSTEM (DHCCCS)

F.1 SYSTEli DESCRIPTION AND OPERATION .

The purpose of the Decay Heat Closed Cycle Cooling System (DHCCCS) i

is (1) to remove decay heat from the Low Pressure Heat Removal System and

(2) to provide component cooling for bearings and motors in the Low Pressure
Heat Removal System, the Containment Spray System, and one train of the
High Pressure Injection System. In addition, the DHCCCS provides component

cooling for components that are part of the raw seawater (or ultimate heat
sink) portion (D|lSS) of the DHCCCS. The DHCCCS is required to operate for
decay heat removal and component cooling for all acciderts or transients that
require the Low Pressure Heat Removal System, the Containment Spray System,

or the High Pressure Injection System (makeup pump tiUP-lc only). Operation
may be required during both the injection and recirculation phases of the
accident sequence. Operation is also required during normal operation to
remove reactor decay heat during shutdown.

F.1.1 SYSTEM DESCRIPTION

The DHCCCS consists of two loops, a closed cycle loop that removes
decay heat and component heat, and a once-through system (the raw water,
or seawater system) that removes heat from the closed cycle loop and dis-
charges it to the seawater discharge canal. Both the once-through sea-
water system, and the closed cycle system are doubly redundant, consisting
of Trains A and B. Train A of the seauater system removes heat fron -

j
'Train A of the closed cycle system, and Train B of the seawater system

removes heat from Train B of the closed cycle system. The trains are
independent of each other and each is rated at 100% capacity for decay
heat removal and cooling of components they serve. Figures F.1 and F.2
show simplified one-line diagrams of the closed cycle and seawater portions
of the DHCCCS, respectively.

The design flow rate in each of the closed cycle trains is 3200 gpm,
3000 of which goes through the respective DHRS heat exchanger. The remain- |
ing 200 gpm is used for pump cooling. flaximun heat rejection capability

F- 1
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6 BTU /hr. Under theseper loop, under emergency conditions, is 120x10
conditions, the hot leg operates at 140 F and the cold leg at 105 F.
The pump develops an 80 foot head. Each loop has its own surge tank

which is pressurized to 5-10 psig. This is not necessary for MpSH re-

quirements. Both the source and sink heat exchangers are shell and tube,

with the closed cycle water on the shell side of both.

There are no MOV's or automatic valves in the closed cycle

portion of the system. Each inop has manual blocking valves for the major

components. These are not locked and are locally indicated. The only

locked valves in the system are those in the cooling lines to the motors.
The pumps in the closed cycle portion of the system are forced air cooled.
A fan cooler assembly (AHF-15A or ISB) in each train provides motor cooling.
AHF-15A and 15B are cooled by their respective LHCCC3 loops. Both the pumps

and AHF-15 are powered by the 480V ESMCC's. The pump bearing is self cooled.

The major lines in the closed cycle portion of the system are 12

inch pipes. These supply flow to the heat exchangers. The majority of the
flow is directed to the low pressure heat removal heat exchanger. The

motor coolino loads are through smaller 2-3 inch lines directed from the main

pipe. The flow to the low pressure system heat exchanger is controlled by

a two-valve bypass. The flow can be totally shunted from the heat exchanger.

The two valves are controlled together by a single circuit. These are

regulated to control the cooldown rate after a normal shutdown. During

emergency operation, the total flow is directed through the heat exchanger.
The position of these valves before ESAS is such that total flow is
directed through the heat exchanger.

The seawater portion of the systen (DHSS) transports heat from the
closed cycle portion to the seawater discharge canal. Each seawater train

services its respective closed cycle train. The seawater system is a once-

through, ope. 3oling system. Seawater flows by gravity from the intake
canal to the seawater sump through 48 inch pipes. The two pumps from the

respective seawater trains are installed in separate compartments in the
seawater sump to allow the isolation of either compartment for service
without disabling both trains.

F-2
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Each seawater pump takes suction from the seawater sump, pumps water

through its respective heat exchanger and into the discharge canal. There
are no other cooling loads on the system. The pump motors are cooled by

the respective freshwater (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.
If both those fa.!, the seawater will back into the bearing. This provides

adequate cooling although it is not desirable for long tem cooling because
of corrosion considerations.

Each 300 HP RW pump supplies 9700 gpm at a 75 fooc head, f ..ip

discharge piping is 20 inches, but it diffuses to 24 in;;bes before it
reaches the heat exchanger. The temperature rise through the heat exchanger
is only 6 F. Technical Specifications (T.S.3.4.7.5) prohibit plant power
operation if the inlet temperature rises above 105 F.

The seawater trains have no fiOV's or remotely operated valves.
Each 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.

1
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F.1.2 DHCCCS SYSTEM OPERATION

The DHCCCS is required to operate when any of the components it

serves are in operation. These consist of pumps in the Low Pressure Heat

Renoval System, Containment Spray System, and High Pressure Injection System

pump f10P-lC. The DHCCCS is required during emergency operation for component

cooling and decay heat removal, and during normal operation for decay heat

removal on reactor shutdown. Operation of the system is initiated either
manually, or on the 1500 psi ESAS trip signal.

Hormal Operation - This system has no function when the
plant is at power. Under normal shutdown, the system
renoves decay heat from heat exchangers DHHE-1 A/lB. The

system is normally in a standby state with its valves
aligned for emergency service.

signaT cy Operation - This system is activated on ESEmergen
Activation consists of starting RWP-3A/3B

and DCP-1A/lB.

Control - Pumps can be manually started or stopped from
the control room or locally at the breakers. Valves
DCV-18/DCV-178 are manually controlled from the control
room (PSA panel).

Testing of the closed cycle pumps does not require reconfiguration
of the loop. Testing of each pump is done once a month per SP-340. DCV-18/

17 and DCV-178/177 are stroked once a quarter. All valves are checked for

proper position once a month per SP-347. Testing of the two loops is
alternated on a two-week staggered basis.

Each raw water pump is also tested once a month per SP-340. Check

valves RWV-34 and 37 are checked with the pumps. Valves are checked for

proper position once a month per SP-347. Testing is on a two-week staggered

basis. Maintenance was assumed to be perfonned only on major components

such as pumps and valves.

.
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Table F.1

Component Design Information

Decay Heat Closed Cycle Heat Exchangers

Number 2
Type Shell and Tube
Duty Btu /h 120 x 10' Normal

Sea Cooling Water Flow (tubeside), gpm 9700
Sea Cooling Water Temperature, F 85
Closed Cycle Cooling Water Outlet Temp, F 105 Max
Closed Cycle Cooling Water Flow (shell

si de), gpm 3200
Design Pressure, Shell/ Tube, psig 100/75
Max Design Temperature, Shell/ Tube, F 200/140
Tube Material 90/10 Cu-Ni
Shell Material Carbon Steel, ASTM
Channel Material 2% Nickel Cast Iron
Code / Seismic Class ASME Section VIII/I

Decay Heat Closed Cycle Cooling Water Pumps

Number 2
Flow, gpm 3200
Design Head, ft 80

i Design Pressure, psig 100
~

Max Design Teeperature, F 135,

Seismic Class ) I

Decay Heat Closed Cycle Surge Tank

Number 2

j Capacity, gal. 5000
Design Temperature, F 135
Design Pressure, psig 15
Material Welded Carbon Steel
Code / Seismic Class ASME Section VIII/I,

|

Decay Heat Service Seawater Pumps

Number 2
Flow, gpm 9700
Design Head, f t 75
Design Pressure, psig 75
Design Temperature, F 109
Seismic Class I

F-5/6
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F.2 SYSTEM SIMPLIFIED FAULT TREE

Figure F.3 is a simplified feult 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 MVP-lC. 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 M0V'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-1 A, BSP-1 A, and in,

the case of Train B, MUP-lC. 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.
i

| c. It was assumed that if flow to DHHE-1A was blocked,

DCP-lA could still operate against the shut-off head,
thus supplying bearing and motor cooling M the RWP-3A,
BSP-1 A, DHP-1 A, and in the case of Train B, MVP-lC.
Furthermore, it was assumed that failure to provide
cooling for the pumps implies failure to provide
cooling to DHHE-1A.

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

e. 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.

f. All pumps can be started from the control room or at the
b reak er,

g. The Auxiliary Building which contains the closed cycle
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

'
i

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.

;

I

:
I
1
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d. Testing does not cause the system to be unavailable.
Testing requires no reconfiguraticu. Test frequencies
are stated in the descriptive section of this report.
There are no locked valves in the system.

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

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

p. Pump cavitation was considered unlikely enough to be
igno red.

h. It was assumed the intake canal never goes dry while the
plant is operating. T.S.3.4.7.5 limits the bottom of the
canal to EL 74 and the minimum water level to EL 81.
T.S.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. It was assumed that blockage
of these grates to the extent that they block flow is not
possible.

i. OP-404 contains a procedure for the lay-up of the seawater
side of DCHE-1 A 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 tSe wrong position. For this reason, improper
filling procedure was not considered a credible fault.

J. 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.

F-13
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i F. 3 SYSTEM QUANTIFICATION
:

F.3.1 SYSTEli RELIABILITY CHARACTERISTICS,

:

The DHCCCS 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 is available, the unavailability1

of a single train of DilCCCS was assessed to be principally due to single-

1 hardware faults, which were dominated by failure of the raw water pump, and
1
j to maintenance outages. The unavailability of both trains was assessed to
f be principally due to coupled raw water pump and check valve failure and
j maintenance outages coupled with failures on the in-service train.
i

| For cases where offsite power is lost, diesel failures become
dominant contributors to both single and double train DHCCCS failure, along

j with the same contributors described above. The unavailability of a single
; train of the DtiCCCS for the loss-of-offsite power case is about a factor of

three higher than the case where offsite paver is available. '

,

;

I

*
;

I

?

|

!

.
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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 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 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 4,1 of the Main Report.

Table F.2 shows the OHCCCS success requirements, Table F.3

contains the top event definitions for the two modularized fault trees,
trees, and Figure 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
equation that represents the fault trees. Tabl e F.5 , the quanti fication
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.

F-16
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Table F.2 DHCCCS - System Success Requirements

INITIATOR TRAINS NOTES

B1, B2, B3, 84, Train A delivers one pump 1,2 .
'

fl w f r component cooling
transient initiators and/or decay heat removal

during injection.

Train B delivers one pump 3

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

/

i

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-1 A, makeup pump MVP-1 A, raw seawater pump RWP-3A,
decay heat removal pump DHP-1 A, and decay heat removal from
low pressure Train A.

3. Train B of the DHCCCS supplies component cooling for containment
spray pump BSP-18, makeup pump MVP-lC, raw seawater pump RWP-3B,
decay heat removal pump DHP-18, and decay heat removal from
low pressure Train B.

F-17
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Table F.3 DiiCCCS Top Event Definitions

BOOLEAN TOP

REPRESENTATION EVENT NOTES

DA Failure of DHCCCS Train A to 1

provide one pump flow with ultimate
heat renoval for component cooling or
decay heat removal during injection.

DB Failure of DHCCCS Train B to provide 1

one pump flow with ultimate heat removal
for component cooling or decay heat
removal during injection.

|

NOTE: 1. The event DA(DB) includes failures in both the closed cycle
cooling system and the raw seawater system.

^

-
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Figure F.4 DHCCCS - Fault Trees

NOTES

1. Valve faults that would prevent component cooling to specific
equipment are included in the fault tree analysis of the system
in which the equipment is found.

,

i

|
l
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Table F.4 DHCCCS - Injection
.,

BOOLEAN EQUATIONS BASED ON MODULARIZED FAULT TREES

; TOP EVENT NOTES

DA = D1 + D3 + DM1 + DX1 + DH1

DB = D2 + D4 + DM2 + DX2 + DH2

DA DB = D3 D4 + (D1 + DX1 + DHl)-(D2 + D4 + DM2 + DX2 + DH2)+

+ D3-(D2 + DM2 + DX2 + DH2) + DM1-(D2 + 04 + DX2 + DH2) 1,2

INTERMEDIATE EVENTS

DX1 = ACA + DCA 3

DX2 = ACB + DCB 3

NOTES: 1. Terms representing maintenance on both 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.

F-22
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Table F.5 DHCCCS - Injection

QUANTIFICATION TABLES

NOTES

1 Rupture of any one of 25 separate valves in a single train of the
DHCCCS was assessed to fail the system. These valves each see
surge tank system pressure. However, rupture of any of the valves
would drain the surge tank which is monitored. Therefore, these
faults are assessed to be e .

2 The DHCCCS is required for all LOCA-sizes and transients. The
injection period depends on the LOCA size or transient duration
(0.5 to 10 hours). The fault duration time was conservatively
chosen for the 10 hour injection period.

3 The failure of ESFAS to actuate single equipment was assessed as
2.1 E-4 (Event ISS1 in ESAS quantification). This number is
applicable for a B4 LOCA and would be smaller for the other
LOCA cases; however, it is an insignificant contributor and
was therefore not changed for the larger LOCAs. Failure to
recover was assumed to be 0.1 per act.

4 Each opportunity to leave a valve open is associated with
isolation of active components during maintenance. When more
than one valve is involved with the maintenance activity on a
single component, they are treated collectively as providing
one opportunity for inadvertent closure. The valve combinations
for Train A are: DCV-1, -3 and -19 (for DCP-1A); DCV-5 and -7
(for DHHE-1 A); DCV-13 and -15 (for DCHE-1 A); DCV-43 and -45
(for RWP-3A); DCP-32 and -38 (for AHHE-30A); and RWV-18 (for

~

RWP-3A). Similar combinations apply to Train B. This fault
was assessed assuming a human error probability of 1.0 E-2
for leaving closed after maintenance any of the valves
associated with one component. The frequency at which this
could occur was assumed to be 0.02 times per month. However,
because the decay heat system is tested once every 2 weeks,
the fault duration time was assessed as 1/2 month. The fault
was assessed as 6 opportunities times 0.02 times 1/2 times
1.0 E-2.

5 The seawater check valves and pumps in Trains A and C were
assumed coupled with a # -factor of 0.1.

6 Only AC power faults are involved, although DC power is required
to close breakers that start pumps. DC power train failures
are included in the AC fault tree, and would Boolean reduce
out of the gate for system interface faults. Therefore, it
would not be appropriate to add the AC and DC unavailability
to obtain the system interface gate unavailability.
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Table F.5 DHCCCS - Injection

QUAf1TIFICATION TABLES (fl0TES) continued

7 failure of ESAS to provide actuation signals to
both trains is not included because the potential for
recovery is high enough to make this contribution negligible.
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Table F.6 DHCCCS - Injection Quantification Summary

-

- - - . . - - - _ .

BOOLEAN POINT

VARIABLE ESTIt1ATES
i

| \

| D1 2.0 E-3
i

D3 1.1 E-3

Dft1 2.1 E-3
i

\
1
! ACA c*

3. 2 E-2 **

DH1 6.0 E-4

D2 | 2.0 E-3j
! 1.1 E-3D4

|
| DM2 | 2.1 E-3

ACB i c*i

! 3.2 E-2**'

DH2 6,0 E-4

I 1.1 E-4! 03 04

|

*0ffsite power available
**0ffsite power not available
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F.3.3 SYSTEM FAULT TREE QUANTIFICATION - P.ECIRCULATION 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.ase is predicated on success during
the injection phase; if a train fails during injection, it is assumed to be

| unavailable for recirculation. Thus, only DHCCCS hardware failures that
l occur during recirculation are assumed to contribute to the top events.

Tabl e F. 7 shows the OHCCCS 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. Ta bl e F.9 shows the 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. Tabl e F.11
summarizes the point estimates for each gate.

)

1
'

i
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Ta bl e F.7 DHCCCS - System Success Requirements - Recirculation

INITIATOR TRAINS NOTES

B1, B2, B3, B4, Train A delivers one pump 1,2,4
fl w for component cooling

transient initiators 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.

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

3. Train B of the DHCCCS supplies component cooling for contain-
ment spray pump BSP-18, makeup pump MVP-lC, raw water pump
RWP-30, decay heat removal pump DUP-18, and decay heat re-
moval from low pressure Train B.

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

I

1
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Ta bl e F.8 DHCCCS Top Event Definitions - Recirculation

BOOLEAN i
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
com,nonent 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.

|
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N n- OSP: 1.7 E-3
DA* LOSP: 1. 7 E- 3

-

Single System
Hardware Interface

Faul ts Faults

D*1 D*X1'\
1.7 E-3 C

Non-LOSP: 1.7 E-3
DB* LOSP: 1. 7 E-3

< ~~ s

|

|
Single System|

| Hardware Interface
Faul ts Faults

D*2 D*X2
1. 7 E- 3 c

Figure 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*X1
DB* = D*2 + D*X2

INTERMEDIATE EVENTS

D*X1 = ACA* 1

D*X2 = 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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D*1 HAF7.lARE FAULTS THAT OCCUR DURING

RECIRCULATION - TRAIN A 1.7 E-3

'FA1 HAF-15A FAILS TO RUN 1.0 E-5 24 2.4 E-4 3+,3-! |

PUMP PWP-3A FAILS TO RUN 3.0 E-5 24 7.2 E-4 13+, IT !
dPU::P DCP-1A FAILS TO RUN 3.0 E-5 24 7.2 E-4 13+, Ig

I-1.7 E-3
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PUTP R!P-3B FAILS TO RUN 3.0 E-5 24 7.2 E-4 11+, IT g
PUMP DCP-1B FAILS TO RUN 3.0 E-5 24 7.2 E-4 10+, IT $

I-1.7 E-3 @,

| D*X2 SYSTEM INTERFACE FAULTS c o.

ACB* AC TRAIN B 8
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Table F.11 DHCCCS - Recirculation Quantification Summary
i

!

|

_ . _ _ _ _

i
BOOLEAN POINT
VARIABLE i ESTIMATES

!

|
D*1 l 1.7 E-3

j D*X1 e
i

i ACA* c

D*2 1.7 E-3

D*X2 c

ACB* c

| !
: |

|
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APPENDIX G HIGH PRESSURE INJECTION AND RECIRCULATION 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-systen is required to operate during both the injection (HPI
configuration) and recirculation (HPR-configuration) phases of small LOCAs
and transients. It also provides an alternate to the Emergency Feedwater
Systen 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 . l .1 SYSTEM DESCRIPTION

The HP-system is compriscd of the pumps, valves, storage tank
and interconnacting piping shown in Figure G.l. Although three pumps and four

'

injectior valves are shown, the system is essentially c two-train system
because of its interfaces with other systems. These interfaces are summarized
as follows :

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

(2) Engineered Safeguards Actuation System (ESAS)
ESAS-A - Starts Pumps lA and 1B

j Closes Valves 27, 53, 64
Opens Valves 23, 24, 73

ESAS-B - Starts Pump 1C

Closes Valves 64, 257

Opens Valves 25, 26, 58

G-1



(3) AC Power
4160V Bus 3A - Pumps l A and 1B

4160V Bus 3B - Pump 1C

480V MCC 3Al - Valves 23, 24, 27, 53, and 73
480V MCC 3B1 - Valves 25, 26, and 257

(4) DC Power
125VDC A - Pumps lA and IB

Valve 64

125VDC B - Pump 1C

Valve 64

(5) Nuclear Services Closed Cycle Cooling System (NSCCCS)

- Cools Pumps l A and 1B

(6) Decay Heat Closed Cycle Cooling System (DHCCCS)

- Cools Pump 1C

The Crystal River HP-system contains the following features:

o 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.

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

e Should loss of power occur on 480VAC 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,

e The cooling water to pumps l A and 1C can be changed by
realignment of valves to the DHCCCS or NSCCCS systems,
respectively. Pump 1B is always cooled by NSCCCS. The
lineup 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.

G-2
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! Most of the HP-s.ystem components are located inside the auxiliary
building adjacent to 1.ie reactor building. Exceptions are the barated
water storage tank which is located 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

j 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.4

; BWST

Ca paci ty 420,000 gal.

Pumps i

Type Horizontal, Multistage
Centrifugal, Mechanical

i Seal

| Rated Capacity

0 2400 psi 300 gpm

Rated Head 5,545 ft.

Motor Size 700 hp

Design Pressure 3000 psig
0Design Temp 200 F

i Speed 6800 rpm

Each pump is equipped with two lube oil 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-3 ;
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G.l.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 riakeup tank using one pump (usually 1B) and
discharges that water into RCS loop 3Al (via control valve 31 and block
valve 27 as shown in Figure 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 injection 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 I

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 limit pump flow or coolant loss through a RCS break.
All 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:

Pump 1B or lA normally running with injection via makeupo
line.

,

t !
'

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

e HPI automatically actuated by ESAS on low RCS pressure
(S 1500 psi).

e 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

I G-4
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e Some small breaks in the injection line require isolation o'
' the affected line by closing the injection valve. Operatoi

must bypass HPI/ESAS channel to close the valve.

e Procedures (EP-10$ call for controlling flow by throttling ,

injection valves. Requires bypassing HPI/ESAS channels
A.and B.

,

The HPI pumps are tested by running them alternately for
approximately one hour each month. All 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 standby 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.

All motor operated valves and pumps can be operated using switches
j in the control room. Manual valves are locked in position using padlocks.

i

1

i

|

|
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G.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 faul t
tree for the two pump flow case was not evaluated, since:

e 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 2

2and 0.015 ft ) will result in some core damage if only
one pump is operating, but not core mel t.*

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. All 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 in ection lines were considered successes on the faultj,

|
- tree. One of four injection lines was assumed to be unavailable for injection
| because of the initiating event. If 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 1. the development of the
fault tree are as follows:

(1) Breaks in the RCS which require HPI flow were assumed to
be in the cold leg of RCS loop 3Bl. Loss of coolant from
this loop is somewhat more likely because a stuck open PORV
and an open pressurizer spray valve would result in coolant
loss from RCS loop 381. Failure of valves ta 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

(2) liPI injection line breaks were assumed to occur in the
line to RCS loop 3B1. It was assumed that a break in
any of the four injection lines 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

to the RCS despite the number of operating HPI pumps.

(3) Isolation of the pump recirculation and RCS pump sealfwater -

piping was assumed necessary in order to assure that all
flow is injected into the RCS. (Isolation is cert'ainly
important from a containment' integrity point o'f view during
recirculation. If not isolated, contaminated water would be
pumped to the makeup tank and ultimately released to the
atmosphere).

(4) 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 1 A was assumed to be operating as a , makeup pump
at the time of the accident.

, ,

It was assumed that pump 1B is aligned to the Train A
services at the time of an accident and that it cannot be
be changed during the course of an accident. Changeover
would require a shifting of pump 1B breaker at the switchgear.

s

(5) It was assumed that the system must be started automaticaD y
following an accident. 4his is to scy 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).

~ ls

s

. **
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Table G.i (1/2) High, Pressure System Fault Summary
,

SIMPLIFIED FAULT TREE - FAULT SUMMARY'__
EVEllT NAME EVENT COMPONENT FAILURE MODE

-

JCV0042P Check Valye 42 Does Not Open
|

JCV0160P Check Valve 160 Does Not Open
-

JMV023FP Motor Operated Valve 23F Does Not Open

JMV0073P Motor Oparated Valve 73A Does Not Open

JCV0072 P Check Valve 72 Does Not Open

JCV0010P Check Valve 10 Does Not Open

JCV0011P Check Valve il Does Not Open

JPM001AS Pump 1A Does Not Start

JPM001AR Pumo lA Stops Running

JXV0070X Manual Valve Left Closed

JCV0010X Stop Check Valve Left Closed

JPM901BQ Pump 1B Out of Service

E1250CBW 125VDC Bus B No Output

JCV0036P Check Valve 36 Does Not Open

JCV0163P Check Valve 163 Does Not Open

JMV024FF Motor Operated Valve 245 Does Not Open
,

JCV0037P Check Valve 37P Does Not Open

JCV0164 P Check Valve 164 Does Not Open

JMV026FP Motor Operated Valve 26F Does Not Open

JCV0001P Check Valve 1 Does Not Open

JCV0002P Check Valve 2 Does Not Open

JXV0059X Manual Valve 59 Left Closed

JCV0060P Check Valve 60 Does Not Open

JMV0058Q Motor Operated Valve 58 Does Not Remain Open

E125DCAW 125VDC Bux A No Output

JTKDHTIR Rank DHT-1 (RWST) Rupture

JPM001CS Pump 1C Does Not Start

JPM001CR Pump 1C Stops Running

BNUSWCCW Nuclear Service Water System No Cooling Water to
Pump 1B

JTKDHTlX BWST Not Full
K4160V 3A 4160VAC Bus 3A No Power to Pump 13

K480V3Al 480VAC Bus 3Al No Power to Valves

No gnal to Start
TESFASAW Engineered Safeguards Actuation System A

BDHTCCCW Decay Heat Closed Cycle Cooling No Cooling to Pump 1C

JTKDHTIE BWST Output Piping Pl ugged

54160V3B 4160VAC Bus 3B No Power to Fump IC
,

G-12
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Table G.1 (2/2) Mgh Preskure System Fault Summary ,+

_ _ _ _ _
..

SIMPLIFIED FAULT TREE - FAULT SUMMARY

EVENT NAME EVENT COMPONENT FAILURE MODE, .s
_g

i K480V3B1 480VAC Bux 381 No Power 'tc| Valves i

' TESFASBW Engineered Safeguards Actuation System B No Signals to HPI B

Y 'S pedJXX0001X Operator Error Pre atu
JPP000lR Any Pipe Between DHT-1 and Injection Valve Rupture /

f d AfterJXX0002X Valve 59 (for isolating pumps IA & IC)

JMV0025V Broken Loop t[ot isolated by Operator

JSWXFERX 480V Power to Injection Valycs 23F and
24 F XFER Switch ! Operator Does Not XFER'

,

JCB0014N Motor Starter for Pump 1A - D]es Not Close
JCB001CN Motor Starter for Pump 1C Daes Not Close

JCB024FN Motor Starter for Valve 24E Does Not Close'

JCB023FN Motor Starter for Valee 23F Does Not Clo';e"
,

i

JCB026FN Motor Starter for Valve 26F Does Not Close

JCB0073N Motor Starter kor Valve 73 Does Not Close

JCB0025N Motor Starar for Valve 25 Does Not Close

JMV0257N Pump Recirculation Valve 257 Does Not Close ?4

'

JCB0257N. Motor Starter for Va?ve 257 ' Does Not Close

JMV0053N ' Pump Recirculation Valve 53 Does Not Close

JCB005 3N Pump Recirculation Valve 53 Does Not Close
'

JCV0043P Check Valve 43 Does Not Open

JCV0161P Check Valve 161 Does Not Open

:

I '

'
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G.3 SYSTEM QUANTIFICATION |

G.3.1 SYSTEM RELIABILITY CHARACTERISTICS

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

Pump Train A employs two parallel pumps (MUP-1B, MVP-l A),o

while pump Train B employs a single pump (MVP-lC). 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
o f MVP-18.

e Pump and valve testing were assumed not to alter the system
Unavailability.

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 DilCCCS. 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 lower than the operator
error.

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 aggregate increases the system unavail-
ability by a tactor of two.

c-17



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
faul ts .

G-18

_ _



G.3.2 SYSTEM FAULT TREE QUANTIFICATION - INJECTION 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.

,

1 1

:
|

|

|
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Table G.2 High Pressure Injection Success Requirements

INITIATOR TRAINS NOTES

B3, 84-LOCA l/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, wher'e Train A consists
of two parallel pumps (NUP-B, MVP-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. All four injection lines are presumed potentially functional
in this case.

i

I
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Table G.3 High Pressure Injection - Top Events |
!

BOOLEAN |
INITIATOR REPRESENTATION

84, 83-LOCAs; HPI High pressure injection 1

Transient induced system fails to provide
LOCAs one pump flow via two

injection lines to cold
legs

84 LOCAs; HA High pressure injection 1,2
Transient induced system Train A fails to
LOCAs. provide one pump flow

to injection line headers

HB High pressure injection 1,2
system Train B fails to
provide one pump flow
to injection line headers

Transient with HPFB Operator fails to establish 1

loss of all feed and bleed operation or
secondary cooling high pressure injection system

fails to provide one pump
flow via two injection lines
to cold legs

Transient with HAF High pressure injection 3
loss of all secondary Train A fails to provide
cooling one pump flow to injection

line headers for feed and bleed

HBF 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.

I
,
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Non-LC
HPI

I LOSP:

[5.7 E

-

Non LOSP:
2.4 E-4

LOSP: 3.3 E-3

Train A Train B Pump 1B

Faul ts Faul ts Fails t Cou ng
Run

HB
HA H2 H3 H4

Non-LOSP: Non-LOSP: 2.8 E-2 1.0 E-3
3.0 E-4 Operator

1.6 E-3 LOSP: 6.0 E-2 Inadvertently
LOSP: 5.1 E-2 Turns Off HPI

Pumps

H01
Pump 1B .0 E-3
Running;
Pump 1A
Standby

BW

H1 Fa

0.75

1D

Passive
Diverted Si ngl egjow Faults

HS
H9

'
4.8 E-6

Note 1: The unavailability in brackets is for the
LOCA initiator

2: The initiating event for the
- tree is either a loss of offsite-

power or a LOCA, but not both
simultaneously.

-
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P: 5.4 E-2 1
.8 E-2 '

e2] tiote 1

)
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A and B Line Faults

AH7
I I

/\ Operator FailsAC

Train A to Manually
H6

_.
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__IDL oonS g

;T H04
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017 5.0 E-3LOSP: 1
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Injection
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)

Figure G.3 Modularized Fault Tree for Event "HPI"
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Non-LOSP: 1.6 E-3
HA LOSP: 5.1 E-2

m
Insufficient Interfacing ESAS

. Flow From System Fails to'
BWST Fa ul ts Open Valve

I

A A A
1.1 E- 3 Non-LOSP: 2.3 E-4 2.1 E-4

LOSP: 3.2 E-2 Pump 1B
Running;

(3 Pump 1A
Stan db;-

Pump 1A
Fails to

Pump 1B Run '\Down ;
H1 \

Pump 1A h h 0.75gRunning
3.0 E-4 s ,, s

H11
ESAS Fails Pump 180.25 Valve
to Start Fails toFaul ts
Pump 1A Run Loss of

3 ow r

2.0 E-2'

2.1 E-4 3.0 E-4
i

i b
i 1 / AL \

Pump 1A Pump 1A:

Non-LOSP: 0'
Fails to Fails to

LOSP: 1Start Run

H14 H12

2.0 E-3 3.0 E-4

l

Figure G.4 Modularized Fault Tree for Event "HA"

|G-25

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



.

Non-LOSP: 2.8 E-2<

HB
LOSP: 6.0 E-2

--

Insufficient System ESAS Faults in -
Flow From Interface B Pump Leg
BWST Faul ts C

"
H15 HX2 2.1 E-42.0 E-4 Non-LOSP: 5.8 E-3

LOSP: 3.8 E-2
-w

i

Pump Valve
Faults Faults

|

!

H16 H4

2.0 E-3 2.0 E-2

,

!
:

Figure G.5 Modularized Fault Tree for Event "HB"
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Non-LOS P: 1.4 E-2
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LOSP: 1.9 E-2

-%

Operator Fails O Failure Modes
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Feed and Bleed Trains
|

Train A Train B
H03

au s Fauh s
1.4 E-2
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! I HAF BF
| Pump 1B H3 H4 Non-LOSP: Non-LOSP:

Fails to Coupling 1.4 E-3 2.8 E-2
Pump 1B
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Pump 1A
'

Standby H2
1. E-33.0 E-4
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ALSingle Faul ts Injection Valves to ACAFaul ts Line Faults Ar. Trai n R
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I

l
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9
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|

Figure G.6 Modularized Fault Tree for Event "HPFB"
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Non-LOSP: 1.4 E-3
HAF LOSP: 5.0 E-2
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BWST Faul ts
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Figure G.7 Modularized Fault Tree for Event "HAF"
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Figure G.8 Modularized Fault Tree for Event "HBF"
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Table G.4 (1/2) HPI

BOOLEAN EQUATIONS BASED ON f10DVLARIZED FAULT TREES

TOP EVENTS NOTES

HPI = HA HB + H1 H2-(H3 H4) + HS + H6 + H7 + H9 + L3 +

+ L017 + H01 + (H02 H8) LOCA + (H04 ACA) AL

flA = HXI + H10 + H11 H12 + H13 + H1-(AL + H2)-(H3 + H12 + H17 + H14)

HB = HX2 + H4 + H15 + H16 + H18

INTERMEDIATE EVENTS

HX1 = ACA + DCA + N (1)

HX2 = ACB + DCB + DB (1)

HXI.HX2 = ACA ACB + ACA-(D2 + D4 + DM2 + DH2) + DB[N1 + N2 (N3 + NM2)+

+ N6.(N5 + NM4) + N4.(N5 + N7 + NM4) + NM3*(N5 + N7) + N6.N7 +

+N3*NMl] (1)

BOOLEAN EQUATIONS REGROUPEb FOR REDUCTION

TOP EVENT

HPI = H5 + |16 + H7 + H9 ' L3 + L017 + H01 + H02 H8 LOCA + (H04 ACA) AL +

+ HX1 -(H4 + H15 + H16 + H18) + ACA ACB +

+ HX2-{H10 + Hil H12 + H13 + H1 -[AL-(H3 + H12 + H17 + Hl4) +

+ H2-(H12 + H17 + H14) + H2 H3]} + (H10 + Hil H12 + H13)-

- (H4 + H15 + H16 + H18) + H1 - {(H4 + H15 + H16 + H18) -
- [AL-(H3 + H12 + Hl7 + H14) + H2(H12 + Hl7 + Hl4)] +

+ H2 H3.(H15 + H16 + H18) + H2-(H3 H4)} +

+ ACA-(D2 + D4 + DM2 + DH2) + DB [N1 + N2 *(N3 + NM2 ] +;

+ N6.(N5 + NM4) +N4*(N5 + N7 +NM4) + NM3+(N5 + N7) +N6 N7 + N3 NMl] (1)

|

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

BOOLEAN EQUATIONS BASED ON MODULARIZED FAULT TREES

TOP EVENTS NOTES

HPFB = H5 + H7 + H9 + L3 + H03 + H04 ACA AL + H1 H2-(H3 H4) + HAF HBF

HAF = H10 + Hil H12 + HX1 + H1-( AL + H2)-(H3 + H12 + Hl4)
HBF = H4 + H15 + H16 + HX2

INTERMEDIATE EVENTS

HX1 = ACA + DCA + N (1)
HX2 = ACB + DCB + DB (1)_

HX1 HX2 = ACA ACB + ACA-(D2 + D4 + DM2 + DH2) + DB N1 + N2-(N3 + NM2) +

+ N6 -(N5 + NM4) + N4-(N5 + N7 + NM4) + NM3*(N5 + N7) + N6 N7 +
,

N3.NMl (1)
_

BOOLEAN EQUATIONS REGROUPED FOR REDUCTION
TOP EVENT

HPFB = H5 + H7 + H9 + L3 + H03 + H04 ACA AL + HX1 -(H4 + H15 + H16) +
+ ACA ACB + HX2-[H10 + Hil H12 + H1 -(H2 + AL)-(H3 + H12 + H14;] +

+ (H10 + Hll H12)-(H4 + H15 + H16) + Hi-(H2 + AL)-[(H15 + H16)-

- (H3 + H12 + H14) + H4-(H12 + Hl_4) + (H3 H4)] +
+ ACA-(D2 + D4 + DM2 + DH2) + DB N1 + N2-(N3 + NM2) +
+ N6-(NS,+ NM4) + N4-(N5 + N7 + NM4) + NM3-(N5 + N7) + N6 N7 +

(I}+ 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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[ ATE \HR*I)
# S NS. NOTESEVENT CCtPCr:ENT EVENT OR FAULT DESCRIPT!CN DURAT (HR) R LT R

H10 INSUFFICIENT FLCW FR0ft BWST TO TRAIN A
FIPiPS 1.1 E-3

VALVEIllf/-73 N.C. VALVE FAILS TO CPEN D 1.0 E-3 3*, 3-

D 1.0 E-4
CHECKVALVE 7z PLUGGED y

t=1.1 E-3 $
*

H3 TPAIN A VALVE FAULTS 2.0 E-2 3+, 10-
a

fXiUAL VALVE
70 LEFT CLOSED D 1.0 E-2 3+, 10- H

STDP CHECK q .

'

VALVE 10 LEFT CLOSED D 1.0 E-2 3+, 10- H 3
CHECK VALVE 11 PLUGGED D 1.0 E-4 5+, f

t=2.0 E-2 2
E

H14 TRAIN A Puf1P FAULTS 2.0 E-3 g
PUMP MUP-1A FAILS TO START D 1.0 E-3 3*, 3-

.=4

a CIRCUIT BKR. FAILS TO CLOS'E D 1.0 E-3 3+, 3- 3
. O t=2.0 E-3 o,

n
i n
i H12 PuiiP fiUP-1A PU:1P 1A FAILS TO RUN, GIVEN RUNNING AT I
| ONSET OF INCIDENT 3.0 E-5 10 3.0 E-4 10+, 10- 1

H2 PU?"P fiUP-13- PUMP-1B FAILS TO RUN, GIVEN RUNNING AT

yONSET OF INCIDENT 3.0 E-5 10 3.0 E-4 10+, 10- 1

n
H15 INSUFFICIEllT FLOW FROM BWST TO TRAIN B r+'

PUMP 2.0 E-4 %. <

VALVE fiUV-58 . N.O. VALVE FAILED CLOSED D 1.0 E-4 3+, 3- g
CHECK VALVE 60 PLUGGED D 1.0 E-4 3*, 3- E

O,

t=2.0 E-4 =

H4 TRAIN B VALVE FAULTS 2.0 E-2 3+, 10- H

TRIUAL VALVE
59 LEFT CLOSED D 1.0 E-2 3+, 10- H

STOP CHECK
VALVE 2 LEFT CLOSED D 1.0 E-2 3+, 10- H

CHECK VALVE 1 PLUGGED D 1.0 E-4 3+, 3-
t=2.0 E-2



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

E SENS. NOTESgg.sfgg-1)EVENT COMPCHENT EVENT OR FAULT DESCRIPTION g DURAT N(HR) A I TY AC CR

H16 TPAIN B Ft2'P FAULTS 2.3 E-3

Pl?.P MUP-1C FAILS TO START o 1.0 E-3 3+, 3- g

CIRCUIT BKR. FAILS TO CLOSE D 1.0 E-3 3+, 3- $
*

t=2.0 E-3
P

HI PL.T 13 rutin! fig, PUf'P 1A ON STA'iPBY AT m
ONSET OF INCIDENT .75 2

H11 PUMP IB DOWN, PUMP 1A FUN 11'iG AT ONSET R
OF INCIDENT .25 2 m

-

AL INITIATOR IS LOSS CF 0FFSITE FONER 1 OR 0 .
3

' *
<

H5 PASSIVE SINGLE FAULTS C0f70N TO BOTH
@c

TPAINS

L3 SINGLE BWST FAILl!RE! c 1.3 E-5 2+, 2- E
B 4, 5 ,

E
"

.

S N'
9u

v .

$
ct

H8 H02 OPERATOR FAILS TO ISOLATE BREAK IN
INJECTION LINE 2.5 E-3 3+, 10- 0 =

x
H0 |lNJECTIO3 BREAK OCCURS IN INJECTION LINE, GIVEN 3

'LINE THAT Si".ALL-STIALL BREAK GCCURS 0.5 6 =

c
H02 INJECTION 5

LIhE OPERATOR FAILS TO CLOSE VALVE o 5.0 E-3 3+, 10- 0 m

e 2.5 E-3 [
_

H3'H4 MANUAL VALVES 2 VALVES LEFT CLOSED IN ANY OF THE n
10, 70, 2, 59 COMBINATIONS: 70-59, 2-10, 70-2, 10-59 o 1.0 E-3 10+, 10~ H 7 {,

LOCA LOCA GATE E

LOCA 1

NON LOCA 0 |j
I

OPERATOR OPERATOR INCORRECTLY TURNS OFF PDMPJ
| !i01

'

AND FAILS TO RECOVLR IN TIRE TO -

111TIGATE INCIDENT o 4.0 E-3 10 +, 3- 0 8,17
|

.. .
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FA IR, l\URE_ t)EVENT CottPONENT EVENT OR FAULT DESCRIPTICN SENS. NOTESg gg DURAT N(HR) P A OR

L017 OPERATOR OPERATOR RECO,*iFIGURES VALVES FOR RE-

CIRCULATION T00 S004 AND LOSES SUCTION
TO PUMPS D 5.0 F 2 3+, 10- 0 9,17

H9 DIVERSION OF FLOW VIA FAILURE TO CLOSE D
HVS 257 AND 53 4.3 E-6 10 5

W 257 FAILS TO PLOSE D 1.0 E-3 3+, 3- m

, CIRCUIT SKR
h

|257 FAILS TO CLOSE D 1.0 E-3 3+, 3-
'ESAS/MV 257 NO ESAS SIGNAL TO CLOSE VALVE (ISSI) D 2.1 E-4 3+, 3- 11 k

t=2.2 E-T $
EV 53 FAILS TO CLOSE D 1.0 E-3 3+, 3-
kIRCUITEKR 7

$257 FAILS TO CLOSE D 1.0 E-3 3+, 3_ g
:ESAS/MV 53 NO ESAS SIGNAL TO CLOSE VALVE (ISSI) D 2.1 E-4 11 -

t=2.2 E-3 5
0 HJ3 OPERATOR FAILS TO ESTABLISH FEED AND

=

i BLEED OPERATION D 1. E-2 3+, 10- 0 12,17 m
m

c.
ACA. INSUFFICIENT AC POWER ON TRAIN A AND
H04 OPERATOR FAILS TO SWITCH INsECTION

=

%VALVES 23F AND 24F TO TRAIN B 3.2 E4 3+, 10- 0 13 g
ACA AC POWER TRAIN A *

INSUFFICIENT POWER (LOSP) 3.2 E-2 13 i'
H04 OPERATOR FAILS TO TRANSFER SWITCH D 5.0 E-3 3 +, 10- 0 5,

a 3.2 E-4 Z
.

H7 DOUBLE INJECTION LINE FAULTS 3.2 E-4 0
c+

VALVE FAUITS VALVE FAILURE IN 2 INJECTION LINES
(FAILURE OF ANY 2 0F 3 INJECTION 8

sLINES 3.2 E-4 2+, 2- B 15, 16

If0ECTION LINE Al FAILURE
MV24F FAILS TO OPEN D 1.0 E-3 3+, 3- {
CIRCUIT BKR. '

24F FAILS TO CLOSE D 1.0 E-3 3+, 3-
CIECK VALVE

, _ 43 FAILS TO OPEN D 1.0 E-4 3 +, 3 ,

_ _ _ - _ - _ _ _ _ _ _ _ _ _ _ _ _
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FA! E FA
EVENT cor*PonENT EVENT OR FAULT CESCRIPTICN SENS. NOTESpg E R,1) DURAT CN(HR) A CR

--+
CHECK VALVE E
161 FA!LS TO OPEN D 1.0 E-4 3+, 3~ g
ESAS/MV 24F NO ESAS SIGNAL TO CPEN VALVE (ISSI) D 2.1 5 3 11 o

t= 2.4 E-3 'm
INJECTION LINE A2 FAILURE -

a
Pr/ 23F FAILS TO OPEN D 1.0 E-3 'm

~
CIPCulT EKR.
23F eA'LS TO CLOSE D 1.3 E-3 m
CHECK VALVE $
42 FAILS TO OPEN D 1.0 E-4 s

,
"

CHECK VALVE
160 FAILS TO OPEN D 1.0 E-4 y
ESAS/MV 23F NO ESAS SIGNAL TO OPEN VALVE (ISSI) D 2.1 E-4 11

I- 2.4 E-3 * ,=

c INJECTION LINE B2 FAILURE J
b N/ 2GF FAILS TO OPEN D 1.0 E-3 $
"

CIRCUIT BKR. *

26F FA LS TO CLOSE D 1.0 E-3 g
CHECK VALVE %
37 FAILS TO OPEN D 1.0 E-4 ,=
CHECK VALVE o,

164 FAILS TO OPEN D 1.0 E-4 m

ESAS/MV 26F NO ESAS $1GNAL TO OPEPs VALVE (ISSI) D 2.1 E-4 11 I
I 2.'! E-3 % )

MVS 23F, 24F, 1
AND 2GF c0UPLED FAILURE TO OPEN OF ANY 2 ao

VALVES 3.0 E-4 2+, 2~ 14 5
H17 ESAS/MCP-1A NO ESAS SIGNAL TO START PUMP (15S1) 2.1 E f! 11 h .i

H13 ESAS/MUV-73 NO ESAS SIGNAL TO OPEN VALVE (iSSt) 2.] E-4 11 2
0,H18 ESAS/MUP-IC NO ESAS SIGNAL TO START PUMP (r$$1) 2.1 E-4 11

HG NO SIGNALS FROM ESAS-A AND ESAS-B (7.2 E-4)(9.01) 7.2 E-6 11 &
AND FAlll'PE TO RECOVER =

ACA
INSUFFICIENT AC POWER - TRAIN A I

WITH LOSS OF 0FFSITE POWER 3.2 E-2
*

FOR OTHER INITIATORS t
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!

:
i
i

i
:
!

,

1 I# SN h0TES.

EVENT COMPCNENT EVENT OR FAULT DESC91PTICM RATE O DURAT N(HR) R R A I IY A CRj

I y
AC3 INSUFFICIENT AC PCWER - TRAIN B a,

3.2 E-2 o-
WITH LCSS OF OFFStTE PCWER f

;

O.
E

FCR CTHER IMITIATORS c3
l I 'mI

.,ACA. ACB| INSUFFICIE*iT AC PCWER C'4 BOTH TRAlhS j
i 2.3 E-3 g

f WITH LOSS OF CFFSITE PCwER
C m

- FC3 OTHER INITIATORS

| |DCA INSUFFICIENT DC POWER - TRAIN A
'C

NON LOSP m
< i 3.2 E-3 g
I tcSP m

}- .

_

i DCB INSUFFICIENT DC PONER - TRAlti B ! $
o; C

| NON LOSP =
3.2 E-3

| LCSP os
s

4, a o.
N NSCCCS FAILURE>

u 1.3 E Li 11 g
|

e |
Nos tosp

2.3 E-3 3
f LOSP

; =
,

l

CB DHCCCS - TRAIN B FAILURE c
'

I 5.8 E-3 11 g
|

son LoSp a
3.8 E-2 g

( tcSP
lb 13 D-

f NSCCCS TRAIN B FAULTS n
U , 19 %

f NSCCCS TRAIN A FAULTS ..

IL 19 g
NSCCCS DOUBLE FAULTS

IL 18
DHCCCS TRAIN B FAULTS

i

'

:

i
i

1 . -.
-

-.
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Table G.5 (1/2) Quantification - HPI

The 10 hour operation timed assumed for the injection phase
NOTES: 1. is conservative for those small breaks which do not require,

j draws on the BWST by other systems.
i

j 2. Pump 1B is assumed to be out of service for 3 months per year.
|

Technical Specifications do not limit the outage time.

i 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.
i

6. The probability of 0.5. is assumed and applied to LOCA
'

initiators only. An opportunity for this fault would occur.

j- at each ESAS signal,

7. This fault represents a coupled human act. The probability
,

that any one valve would be closed is estimated to be lE-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.
t

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. Reconfiguration for recirculation of both the high and low;

i pressure ECCS and the reactor building spray system is
|. considered to be a single act. Hence, the fault L017 also ,

appears in the fault trees for the other systems.

| 10. Gate H9 represents double failure of the two sub-gates shown.

I- 11. See appropriate system fault tree analysis section.

! :12. The probability is estimated to be relatively high because
i (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.
i
!
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Table G.5 (2/2) Quantification - HPI

NOTES: 13. The unavailability shown for ACA is for the loss of Offsite
Power transient. The unavailability for ACA, and therefore
the contribution of the double fault ACA H04, is negligible
in the case of other initiators.

14. The probability of failure of two valves is (lE-3)(0.l) = lE-4,
where 0.1 is the coupling probability assumed. There are three
pairs of valves, hence the total fault probability is 3(1E-4) =
3E-4. (See also note 16.)

15. The probability estimate for H7 is comprised of contributions
for both " independent" failures and coupled failures. The
independent failure contribution is estimated as 3(2.4 E-3)-
(2.4 E-3) = 1.7 E-5, where 2.4 E-3 is the failure probability of
a single injection line as tabulated. The coupling contribution
3.0E-4 is listed separately.

16. No credit is taken for flow through the injection line affected
by the initiator.

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

18. Faults from this system contribute to system interface
faults HX1 and HX2. See Boolean equations for HPI system
faults for identification of the contributing faults.

G-38
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Table G.6 (1/2) HPI, HPFB - Quantification Summary

-
__- __

BOOLEAN POINT

VARIABLE | ESTIMATES

111 0 1.1 E-3
11 3 2.0 E-2
H14 2.0 E-3
H12 3.0 E-4
H2 3.0 E-4
111 5 2.0 E-4
11 4 2.0 E-2
H16 2.0 E-3
H1 0.75

H11 0.25

AL 0*
1**

115 e

L3 1.0 E- 5

H3 H02 2.5 E-3
11 8 0.5
H02 5 0 E-3

Il3 * ll4 1. 0 E- 3

LOCA 0+
1++

H7 3.2 E-4
ACA 1104 3.2 E-4

ACA 3.2 E-2

1104 5.0 E-3
.

*0f'fsite power availatle +non LOCA
**0ffsite power not available ++LOCA
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Table G.6 (2/2) HPI, HPFB - Quantification Summary

I

__

BOOLEAN POINT
VARIABLE ESTIttATES

H01 4.0 E-3
L017 5.0 E-2

H9 4.9 E-6

H03 1.4 E-2

H17 2.1 E 4
H13 2.1 E-4

H18 2.1 E-4
:
! H6 7.2 E-6

ACA 3.2 E-2

ACB 3.2 E-2

ACA ACB 2.3 E- 3

DCA c*
3. 2 E- 3 **

i DCB c*
3.2 E-3**

N 1.3 E-4 *
2.8 E-3 ** (

DB 5.9 E-3 *
3.8 E-2 **

,

|*0ffsite power available
**0ffsite power not available

.|
A
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G.3.3 SYSTEM FAULT TREE QUANTIFICATION - RECIRCULATION PHASE t
:

_

- -

| This section presents the quantification of the High Pressure
,

'

System unavailability for required emergency operation during tRe re- 'f |

3
s -.

circulation phas(of a postulated accident or transient. ' The qutytitative
~

results' are presen'ted in table form with attached notes outlIining thSI ,- s
'

I
'

< ,

assumptions. ' A modulaFi' zed fault tree was constructed as an. aid in per , !

,

forming the quantification and sensitivity analysis. < '
7;

. s., s .
Table G.7 shows the HPP success requirements for various4

'

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 modularfief. .

'

\ > ,. ,

; fault trees. The unavail' ability of each gate is shown on this tree, as-ytell _

j as the unavailability of the top event. Table G.9 shows the Boolean equation
'

-

| that represents this fault tree. Table G.10, the HPR quantification table,
j shows the quantification of each gate by component and failure mode. The - "

. , , -

notes for thij table explain the assumptions used i1 the quantification. e.,

Table Gy summarizes the point estimates for each gate.
,
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J Table G.7 High Pressure Recirculation - Success Requirements'

\

INITIATOR TRAINS NOTES

B4 LOCA 1/2 1,2,3,4i ,

'

Transient induced 1/2 1,2,3,4 '

LOCA

t

5Transient with 1/2 ~

1 - alls '

ey cooling '

, .

'
! V ^

| 't )
' %

~<
'

%-
, ,

x

NOTES: 1. The event tree structure presumes that high pressures

y- recirculation fails if high pressure injection fails. The
high pressure recirculation fault tree analysis is therefore, , . .

, ~ ~ predicated on success of the injection phase.
N

- 2. Single train failures in the injection phase are assumed not
to be recovered for the recirculation phase (with one exception

' ' ~

g as indicated in Note 3). This assumption is somewhat conservative
in that there may be some chance of recovery for some faults, suchi *

{ as manual valves left in the wrong position; however, even if credit
i for recovery were given, it would make very little difference in the

auantification of HpR.g

For loss of'ofNite power transients, single train failures3.
due to failure of a diescl generator are assumed to be#

recoverable for recirculation, since there is a high prob-
ability that offsite power would be recovered (within 5-10 hours),

4.seThe-recirculation phase analysis is based on an operatingss .

period bf 24 hours following the initiating event.
-

5. If the " feed and bleed" operation extends into the recir-
culation phase, one of two trains would be required for
suc' cess . However, injection failure would be the most likely
cause of failure to provide makeup; prirarily because of the

b ' (( 1
possibilitycof operator faults. For this reason, high
pressure recirculation was not evaluated for this set of'

transients.* ' y

'W
\'< <,,
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zi Q'X [,*~'

_ _ - - _ _



-

,

Table G.f> High Pressure Recirculation - Top Events -

/

BOOLEAN '

REPRESENTATION TOPEVEiH NOTES

|.,

HPR High pressure system fails
to provide'at least one pump
flow via two injection lines
to cold 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 jto injection 'ine headers during

recirculation, given success
during injection and adequate '

,

suction head from the corresponding
low pressure pump. '

,

.

NOTES: 1. 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.

!
L
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flon-LOSP : 8.3 E-2
HPR LOSP: 8.3 E-2

[8.4 E-2] Note 3

<~

4.5 E-5 22 E-4 2.2 E-4 1.0 E- 3

--
. (flote 2) _ _ _

__ __

P ~_ _ _[1 .l._. _.. L _ _ _ 1 __
~

HA HB * HB HA* HA* HB*

_ H A __ _!]B * HB HA* ljA* H

1.6 E-3 2.8 E-2 2.8 E-2 8.0 E-3 8.0 E-3 2.8 E-2
(flote 1) (Note 1) ' ] 8.3 E-2 __

'

,

.

r- _ _ _ _ -T
ect y Reconfigured e onf g re
for High Pressure Injection

Line BreakRecirculation Recir ulation and ESAS
~

[~ Signal Occurs

dd After Switch
LO4

8.0 E-2 3.0 E-3 Reci rculation
_

i

H*1
0.1

_

Operator Fails
to Isolate LOCA

Injection Line Initiator

by Closing
Val ve ___

H*01 0CA

1.0 E-2 Non-LOCA:0
LOCA: 1

(Note 4)

Figure G.9 Modularized Fault Tree Event "HPR"
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I

figure G.9 HPR Modularized Fault Tree !

,

NOTES: 1. For sequences involving loss of offsite power, offsite
power is assumed to be 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

4 0CA.) This means that diesel failures do nothours for the B l
contribute to system failure in the recirculation phase.

; 2. See HPI fault tree quantification tables 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 I.0CA, but not both simultaneously. A tran-

sient induced LOCA is treated as a transient event,

t

i

j

,
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HA* 8. 0 E- 3

-

| |

Train A Train A
Faul ts O Interface

6.0 E-3 Faul tsReci rcul atipa p

H*3 - H*X1

2.0 E-3 1.0 E-5
Pump 1A Pump IB
Fails to Down for

_ _ _Rua Maintenance
_ __

H11
2. 5-2

0.25

HB* 2.8 E-2

.-s

|
._ |

Train B Valve Pump 1C Train B
Faults During Fails to Interface
Recirculation Run Faults

UH*4 H*X2
2.4 E-22. 0 E- 3 1. 7 E- 3

.

Figure G,10 Modularized Fault Trees for Events "HA*" and "HB*"
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Table G.9 HPR

BOOLEAN EQUATIONS BASED ON MODULARIZED FAULT TREES

TOP EVENT NOTES

HPR = LO4 + (LOCA.H*l H*01) + HA HB* + HB HA* + HA* HB* + H*02
~

HA* = H*3 + H*2 H11 + H*X1

HB* = H*4 + H *5 + H*X2

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

INTERMEDIATE EVENTS

H*X1 = ACA* + DCA* + N* I

H*X2 = ACB* + DCS* + DB* I

i

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 to other
system failure modes.

|

|
1

!
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i A SENS. N3TES
EVENT COMP 0hENT EVENT CR FAULT PESCRIPTION RT H ~1) CURAT CN(HR) ABILt Y F R

.

-4

H*3 TRAIN A VALVE FAULTS 2.0 E-3 8
VALVE CHY 11 FAILS TO OPEN D 1.0 E-3 3+, 3- T

o
CIRCUIT BKR
11 FAILS TO CLCSE D 1.0 E-3 3+, 3- ',_.

o
E-2.0 E-3 _

H*2 PU"P 1A FAILS TO RUN 1.0 E-3 24 2.4 E-2 1+, 30- S 5, I {
H'4 TFAIN B VALVE FAULTS 2.0 E-3 -

1.0 E-3 3+, T
VALVE DilV 12 FAILS TO OPEN D m

<
gCIRCUIT EKR.

12 FAILS TO CLOSE D 1.0 E-3 3+, 3_ r

t=2.0 E-3 ,

}H*5 PUT.P 1C FAILS TO RUN 1.0 E-3 24 2.4 E-2 1+, 30- S 5, 1

H11 PUPP 1B D0'iN, PUMP 1A RUNNING AT ONSET ,=
OF INCIDENT 0.25 2

hH'X1 TRAIN A INTERFACINS SYSTEM FAULTS 1.0 E-5

( DCA* DC POWER, TRAIN A FAULTS 'c I
,

o ACA* AC POWER, TRAIN A FAULTS .,c

it' FAILURE OF NUCLEAR SERVICES CLOSED o.

CYCLE COOLING SYSTEM (NSCCCS) DURING yRECIRCULATION 1.0 E-5

H*X2 TRAIN B INTERFACING SYSTEM FAULTS 1.7 E-3 i

pDCB* DC P0'iER, TRAIN B FAULTS c

$ACB* AC P0'4ER, TRAIN B FAULTS c
e
'-

DB* FAILURE OF DECAY HEAT CLOSED CYCLE
COOLING SYSTEN (D;iCCCS), TRAIN B 1.7 E-3 2

HA SEE HPl FAULT TREE ANALYSIS 1 6 E-3 6 c+

H3 SEE HPI FAULT TREE ANALYSIS 2.8 E-2 6 8
LO4 OPERATOR FAILS TO RECONFIGURE FOR

tlECIRCULATION D 3.0 E-3 10+, 3- 0
$

H'02 OPERATOR INCORRECTLY RECONFIGURES
FOR HIGH PRESSURE RECIRCULATION D 8.0 E-2 10+, 10- 0 7

i

_ _ _ _ _ _ _ -__ -_____ ____
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Y OR
A,B ,1

A AT( q) p
SENS. NOTESI# E FAl y gg

EVENT C0t'PCMENT EVENT OR FAULT DESCRIPTION RATE R_t) ,p g q

H*1-
H'01 OPERATOR FAILS TO ISOLATE BFIAX IN

INJECTION LINE 1.0 E-I 3*, 10- 0 4

,1NJtCT101

| LITE (H'1)
BRE u cCCuRS in INJECTICN Lit.E, GIVEN
THAT SMALL BREAK OCCUSS. ESFAS SIGNAL j
OCCURS AFTER RECONFIGURATION FORj 0.1 cr
RECIRCULATION FAILS TO CLCSE VALVES

} *

! OPERATOR 1.0 E-2 3+, 10- o c3

4(H*01)
FAILS TO CLOSE VALVE D

==1.0 E-3 5
-

LOCA LOCA GATE m
1

LOCA -

O
NON LOCA' m

to
o
<+

&

E-

a;

C
2
O
C
O
o

.

-.
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Table G.10 HPR - Quantification Table.

NOTES

1 The 24 hour run time for pumps during the recirculation
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.

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

3 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.

1

4 The existence of this fault will depend upon whether or i

not an ESFAS signci (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.

5 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.

6 "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.

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

,
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Table G.11 HPR - Quantification Summary

BOOLEAN POINT

VARIABLE ESTIMATES

i

H*3 2.0 E-3 f

li*2 2.4 E-2
H*4 2.0 E- 3

H*5 2. 4 E-2

H11 0.25

H*X1 1.0 E-5
DCA* c

ACA* c

N* 1.0 E-5
H*XP 1. 7 E- 3

DCB * c

ACB* c

DB * 1. 7 E-3

HA 1.6 E-3
HB 2.8 E-2
LO4 3.0 E-3
H*1 j 0.1

11* 0 1 1.0 E-2
,

H*02 8.0 E-2
LOCA 0*

1**
. . . - - . -

*non LOCA
**LOCA

G-51
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APPENDIX H CORE FLOOD SYSTEM (CFS)

H.1 SYSTEM DESCRIPTION AND OPERATION

The core flood system is a passive 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 large 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-line 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 coolant from entering the core flooding tanks. Under a LOCA condition,
these check valves open automatically when the reactor coolant system pressure
drops below *e 600 psig nitrogen pressure held in the tanks. To ensure that
the M0V rema n apen, limit switches monitor the position of the MOV with
annunication in the main control room. Additionally, the circuit breaker for
the MOV 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.

.
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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.

Each reactor coolant system core flooding tank must be operable with:

e the isolation valve open,

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

1e between 2270 and 3500 ppm of boron, and, i
1

a nitrogen cover-pressure of between 575 and 625 psig.e

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 reauirements for the core flood system components include

the following:

e Every 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 "! solation 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



7,o. Sor IL At l From FerIC Acid
t

4

k
epit bk s krep Taak10

"r- C FV- 31- H rv-18 To Wisk -Hg,

Pi'E*'*t '/'t r v-M u oFi %
ck.rH -M- --7- > ATMOS * | 44" C F V-26 p y g'

atmos. h h -H
c rv-29g f c py_,,3 Morc F v- a e

CFv-28 C f V-27N2 _ y _f+ t>< g' _g x _ .tA_ H2
ISWPj ftrv-zo cr v-35f c Fv- 66 C F V- " 4Vff fI

fCTV-76 ' C T V- 78

iPT2
PT3Q

CFv-37 N r_5 V- lJ
Pil CF/ 1'4 CTV-12 -D<}--@ P T 4

gj _ ,,__. N~ : >4 N 2. x
civ-4 c rv-zi c rv-22-

/ LT3 LT42 LT1 LT2 1
(.TT-IA EIV'33 CFT-If CEV'34

X X X X
CFV-36 ( crv-15 ()

'< t t
)

( T V-71 cry _77
-H H

C IV-li f CTV-Ili

7- Crv-5 F
'

cFv-5F h@ q,c, LPAm

s.mpug and
-

Audlit.,jBI4- II H-
3

S urap
'#
/ CTV-2 C FV- 4 *("

Fr o oi
'

from

d*J "4
pec.3 e.atH

[F e'*o''I Y""
, ,

g,y,\ s a k
d- H - }| |'r >4 -

A
i

I J

N' { REAcTO R ~ke M'
CFv-f VESSEL CIV-3

|

Figure H.1 Core Flood System Schematic Diagram
,

I

H-3



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 dran:n 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.

1
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Table H.1 Core Flood System Fault Summary

SIMPLIFIED FAULT TREE - FAULT SUMMARY

EVENT NAME EVENT COMPONENT FAILURE MODE

M000001X Insufficient BORON wncentration in Operator Error
Core Flood Tanks (Omission)

ME00002X Insufficient Water Volume in Core Flood Operator Error
Tanks (Omission)

M000003X Insufficient Nitrogen Pressure in Core Operator Error
Flood Tanks (0 mission)

MPP00A1F Piping Between CFV-1 and RV Rupture
MCV00A2P Check Valve CFV-1 Does Not Open
MCV00A3P Check Valve CFV-2 Does Not Open
MMV00A4Q Motor Operated Valve CFV-5F Does Not Remain Open

( Pl ug)

MRV 00A5Q Relief Valve CFV-24F Does Not Remain Closed
MPP00BlF Piping Between CFV-3 and RV Rupture
MCV0082P Check Valve CFV-3 Does Not Open
MCV0083P Check Valve CFV-4 Does Not Open
MMV00B4A Motor Operated Valve CFV-6F Does Not Remain Open

(Pl ug),

MRV 00B50 Relief Valve CFV-23F Does Not Remain Closed
M000004X Miscalibration of Level and Pressure Operator Error

"

Instrumentation (Commission)

! H-5/6
1
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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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H.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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iable H.2 Core Flood System - Success Requirements

INITIATOR TRAINS NOTES

B4 Not required

B 3 Not required

89 2/2 tanks 1
~

0/2 tanks 2

1/1 tanks 3

!

B1 2/2 tanks

i
!

!
'

,

| i

i

t

t

INOTES: 1. 2/2 core flood tanks (CFT) are required if only 1/2
LPI trains are operable.

,

;
|

t 2. CFT are not required if both LPI trains are operable. ;
:

3. If the break occurs in the core flood line the remaining
CFT and the associated LPI train (ore one HPI train) are :
required for success. This case was not analyzed. '

:

I
,

I.

,

i

!
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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
i at 600 psi reactor coolant pressure

CB Failure of core flood tank B to 1

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
600 psi reactor coolant pressure.

NOTES: 1. This top event is defined as a convenience to facilitate the
~

quantification of CFS!

2. For the cases analyzed either both core flood tanks are required
;

(B -LOCA and B -LOCA where one LPI-train is inoperable) or noj 3
core flood tanRs are required (B -LOCA with both LPI-trains

3opera ti ng) .

;

I

i

j
.
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CFS 8.4 E-4

-

Faults in Comon Mode Faults in
Core Flood Miscalibration Core Flood

Leg A of Pressureand Leg B
level sensors

CA CB

3. 7 E-4 CM 3. 7 E-4
1.0 E-4

i

l

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

.,

1

i
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Table H.4 Core Flood System

BOOLEAN EQUATIONS BASED ON MODULARIZED FAULT TREE

TOP EVENT

CFS = CA + CB + CM

|

11 - 1 5,

|
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Table H.5 Events "CA" and "CB" Quanti fication
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Table H.S Core Flood System

QUANTIFICATION TABLES

NOTES

1 This fault would not fall the core flood tank function of ,

cooling the core in the initial state of the accident since |
boron concentration is available from the BWST through the ;

j low pressure system. This fault was not further developed. |
4

.

Therefore, !

;

2 This parameter is maintained in the control room.
this fault was assumed to be a low probability event. j

i . i

| 3 Tank pressure and level are verified every 8 hours via SP-300. ;

j Therefore, the fault duration time is 1/2 of 8 (=4) hours. !

J 4

: i

i 4 One CFT is allowed out of serv'.ce for 1 hour before requirement
'

[ to go to hot shutdown, Maircenance contribution was assessed
| assuming a frequency of 0.02 icts/ month times 1/720 hr likelihood

,

that the accident would occur during the outage. :

i

f
:

i
t

1
i

;

4

i

i

!
;

i

i.

I

11 - 1 7
! 2

|- |

t - 7
:

~ ,. ...- - - - -- - - - - - _ - - _-.--- - -~-,-- , - _ - _ - .a



Table H.6 Core Flood System - Quantification Summary

BOOLEAN POINT
VARIABLE ESTIMATES

CA 3. 7 E-4

CB 3.7 E-4

CM 1.0 E-4

H-18
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APPENDIX K LO'I PRESSURE INJECTION AND RECIRCULATION SYSTEM
,

, , .

;K.1 SYSTEM DESCRIPTION AND OPERATION

Low pressure injebtion and recirculatiort is an emergency functionN

,

, of the Decay Heat Removal S'ystem (DHRS). The Decay Heat Removal System (DHRS)
s

I provides both residual heat rcxoval and emergency core cooling functions.

This analysis deals only wi,th failure of the emergency functions of the Decay
Heat Ren, oval System. Because the DhRS provides both low pressure coolant
injection (LPI) and low pressure coolant reciNulation (LPR), a separate
fault tree analysis was performed for each mode of emergency operation.

The DHRS is utilized to provide low-pressure energency core coolina
(ECC) in the event of a large LOCA. Naterdr the injection phase of ECC,
called low pressure injection (LPI), is obtained from the BWST and injected
directly into the reactor vessel . The LPR is also used to provide suction
head to the high prassure pumps, when the high Pressure System is required
during recirculation. i

K.l.i SYSTEM DESCRIPTION
,

The DHRS consists of two essentially identical trains. For ease

of description, each train is separated -into the following three parts:
1) pump discharge, 2) pumps and associated equipment, and 3) pu m suction.

, .

The nump discharge of each DHRS train has, as its main functional

' path, a separate discharge line directly into the reactn- vessel through a
' check valve. A portion of this flow path into the vessel is shared with a

core flood tank. DHRS pump discharge can also be directed to the borated

water storage tank through an eight inch return line shared by both trains.',

Finally, DHRS flow is supplied to the suction side of the nakeur putnps by
each train tnrough a remote manually operated valve for cases where the
High Pressure System is required during recirculation.

The pump section of each train consists of a decay heat pumo,
a decay heat removal heat exchanger, and a flow control throttle valve.
A minimum flow return line is provided for each pump. However, the pumps canne:
operate with minimum flew for more than 15 hours without risking pump damage.

-K-1
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Pump suction for the DHRS can be supplied from three sources:

1) the borated water storage tank (BWST), 2) the reactor building sump, and
3) the reactor .colant system. Each train has an independent line from the
BWST and RB sump while sharing a return line from the RCS. The suction lines
' - each DHR5 train also supply suction to a reactor building ' spray system
u and the C%ST portion of the suction line (BWST side of valves DHV-34

an; ' is also shared with the makeup pump suction header.

.-;gure K.1 shows the LPI system valve alignment in the injection

mode. ine LPI systr.n is essentially a two train redundant system. Successful

operation requires flow from one operating pump (DHP-1A or 18) be supplied
to the reactor vessel. Each single stage centrifugal pump can deliver 3000 gpm
at 350 foot head. The decay heat removal heat exchangers (DHHE-1 A and 18)

are not required for heat removal during the injection phase.

The pumps pd motor operated valves are supplied with power from
Ya emergency At 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 watre 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 of the pump suction
source. Successful LPR requires the delivery of water from tid 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 coolant system pressure remains above
the effective discharge pressure of the DHRS pumps, the makeup pumps can be
used in the high pressure recirculation (Pk ) mode. During HPR operation,
makeup pump suction must be supplied by the DHRS pumps through DHV-11 or 12.

K-2
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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,

i

K- 3
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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 pumpe and senis confirmatory open signals to the
normally open discharge valves on the pump discharge lines to the reactor

1 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 less 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 far actuation or operation of the
DHRS in the LPI mode.

The BWST water must be recirculated once a week. This is accomplished

t'y 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 LPI flow

path to the reactor vessel from one DHRS pump is disabled. The test is
alternated every week between 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 concentration, 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, additiond , 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 is operated
in its OHRS 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.

I
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i !

|
|
4

!
i

; When the BWST water level reaches the ' low level' (3' 9"), the
:

j emergency coolant rccirculation pnase is initiated and continued as long
i as necessary. To initiate this phase of operation, the DHRS pump suctica
i 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

| BWST low level alarm is activated and after these two valves are verified

| ' open, the BWST outlet valves to 1.PI 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 I

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)

I 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 CFT and one LPI train,

l This event was not included in the fault tree of LPI. But should it occur,

l the probability of failure of LPI would be the single train failure probabilityeI

:

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 lA, respectively, is being operated. Because two valves

are opened for a single pump 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 flPSH in the reactor building sump. This has been identified
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

f' ult tree was based upon LPI success which implies at least one operating DHRS
t' rain when LPR is required (low-level BWST alarm).

K-8
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1

; Some faults which could result in failure of one LPI train are
recoverable for successful LPR, 8acoverable faults are generally failures

a

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 following combinations:

Valve (s) Misoperation Failed Subsystem

i 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',

DHV-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
j are motor operated valves DHV-5, 6,110,111, 42, 43, 34, and 35; locally
! operated manual valves DHV-8, 9,10, and 7; and pumps DHP-1 A and 18. 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

j 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. )
'

:
I

'
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Table K.1 Simplified Fault Tree - Fault Sursnary (Train A (B))

SIMPLIFIED FAULT TREE - FAULT SUMMARY

EVENT NAME EVENT COMPONENT FAILURE MODE

LMVDilV5(6)P DHV-5(6 ) (N.C. ) Fails to Open

LCBDHV5(6)N DHV-5(6) Circuit Breaker Fails Open

LXVTESTX DHV-8(7) and -9 Open After Test

LCNV110(111)G DHV-110(111) Auto Controller Closes Valve

LPMDH3A(B )R DHP-1 A(B ) Fails to Short

LPMDH3A(B)S DHP-1 A(B) Fails to Run

LCB PU3A(B)0 Motor Contactor Inadvertent Trip

LXV0H21( 32)X Manual Valve DHV-21(32) Iradvertently Closed

LCBPU3A(B )N Motor Contactor Does Not Close

MCV00B2(1)P Check Valve CFV-3(-1) Fails to Open

MCV00B2(1)E Check Valve CFV-31(-1) Pl ugged

LCVDiiVl(2)P DHV-1(-2) Fails to Open

LCVDHVl(2)E DHV-1(-2) Plugged

LPMDHP-1 A(B ) Pump DHP-1A(B) Fails

LCVDH33(36)P Check Valve DHV-33(-35) Pl ugged

JTVsDHT1X BWST Leak
'

JTKDitT1R BWST Rupture

JTKDHTIE BWST Pl ug

JRVDH69P
JRVDH70 P DHV 69 and DHV 70 (Coupled) Fails to Open

.

1

|
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K.3 SYSTEM QUANTIFICATION

K.3.1 SYSTEM RELIABILITY CHARACTERISTICS

The low 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 cooling 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), B , B )' since it was assumed that offsite power would be2 3
available in these cases. For the smallest LOCA size (B ) the low pressure

4

system is not required until recirculation.

During recirculation the low pressure system is required to provide
suction head to the high pressure pumps for the B LOCA case. In this mode4
of operation, the primary contributers to low pressure system failure are
operator errors. Maintenance outages also contribute to the unavailability
in this case. Fcr the larger size LOCA's, the primary contributors are also
operator errors, which are about an order of magnitude larger than hardware
faul ts .

|

.
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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 cf 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), B2 3

ar.d B '
For the B LOCA, the Low Pressure System supplies suction head to the high4

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), B ' 0 ). Table K.3 shows the top event definitions for

2 3
the modularized fault trees. Figures K.5 through K.7 presents the modularized
faul t 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.

K- 14
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Table K.2 Low Pressure Injection - Success Requirements

INITIATOR TRAINS NOTES

B LOCA and 1/2 14

Transient induced LOCA

B LOCA 1/2 23 ,

B LCCA 2/2 or 1/2 2, 3
2

with both core
flood tanks operating

B LOCA 1/2 with both core 2, 3
z 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
System for the Bg-LOCA is analyzed together with Bu - re-
circulation LHR. See Low Pressure Recliculation 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
NOTES

REPRESENTATION

B) , 8 , B3 - LOCAs2

LPA Failure of low pressure Train A 1

to provide flow to reactor vessel.

LPB Failure of low pressure Train 8
to provide flow to reactor vessel .

LPI Failure of 1.ow 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 to crossover.

Note: 1. The low pressure injection system is not required
during the injection phase for Bg-LOCA. Faults
occurring during the injection phase are includad
1r. LHR, LHA, and LHB. See quantification of the
Low Pressure System during recirculation for B -LOCA.4
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1.0 E-1
LPI (Note 1)

m

Single Operator Turns Operator
Fail ures LPI Off and Switches to

(BWST) Fails to Initi- Re rc tion

ate When Req. j

L3 L017
1.0 E-5 LO6 5.0 E-2

O 5.0 E-2 O

ESAS Pump Operator Fails Train A Train B
Actuation to Manually Faults Faults

Fails Initiate Pumps (LPA) (LPB)

Il LO9 LPA LPB
c 1.0 E-2 2.0 E-2 2.0 E-2

Figure. K.5 Modularized Fault Tree for Event "LII" (B), B , B3 LOCAs)2
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LPA 2.0 E-2

'

--

Failures Faults In Valves Left
Train A to Train A Open After

Crossover Downstream Test
i

of Crossover

LA H6 (Note 2)

1.9 E-2 L28 1.0 E-3
2.0 E-4

LPB 2.0 E-2

-s

Fail ures Faults In Valves Left
Train B to Train B Open After

Crossover Downstream Test

LB LH7\ (Note 2)
L31 1.0 E- 31.9 E-2

2.0 E-4

Figure K.6 Modularized Fault Trees for Events "LPA" and "LPB"
(B , B , B3 LOCAs)y 2
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LA 1.9 E-2

.-s

Faul ts Maintenancc Leg A Hardware
SA Faults NotCommon Outages Test

to RBSI Common to
RBSI

LX1

L4 5.8 E-3 LS
' *

~

3. 2 E- 32.0 E-4
!

l I

Pump DHP-1 A Valve DHV-110>

Maintenance Maintenance
Outage Outage

LM1 LM2

5.0 E-4 5.0 E-4

LB 1.9 E-2

-

Faults Maintenance Leg B p gt $tH
SB

Common Outages Test Common to
to RBSI RBSI

LX2
T2L6 L7

2.0 E-4
-

3.2 E-3*

m

| |

Pump DHP-1 A Valve DHV-111
Maintenance Maintenance

Outage Outage
'

j LM3 LM4

5.0 E-4 5.0 E-4

Figure K.7 Modularized Fault Trees for Events "LA" and "LB"
(B , B , B LOCAs)1 2 3
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Table K.4 Low Pressure Injection (8 , 8 , B)-LOCAs)3 2
J

FAULT TREES (LPA,LPB,LPI)

|NOTES

1 LPA, LPB, and LPI are failure of the low pressure injection
system during emergency core cooling initiation.

4

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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(B), B , 8 - OCAs)Table K.5 Low Pressure Injection
2 3

BOOLEAN EQUATIONS BASED ON MODULARIZED FAULT TREES

TOP EVENTS NOTES

LPI = L3 + LO6 + Il LO9 + L017 + LPA LPB

LPA = L28 + LH6 + LA 2

LPB = L31 + LH7 + L3 2

INTERMEDIATE EVENTS

LA = L4 + LS + LTl + LM1 + LM2 + LX1 2

LB = L6 + L7 + LT2 + LM3 + LM4 + LX2 2

LX1 = ACA + DCA + DA

LX2 = ACB + DCB + DB

BOOLEAN EQUATIONS REGROUPED FOR REDUCTION

TOP EVENTS

LPI = L3 + LO6 + Il LO9 + L017 + (L4 L6) + (L5 L7) + (ACA ACB) +
+ DA DB + (L28 L31) + (LH6 LH7) + L4 L7 + L5 L6 +

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

+ ACB-(L4 + LS + LTl + LM1 + LM2 + DA) + (L6 + L7)(LT1 + LM1 + LM2) +
+ DA-(L6 + L7 + LT2 + LM3 + LM4) + DB-(L4 + L5 + LTl + LM1 + LM2) +

+ LA-(L31 + LH7) + LB-(L28 + LH6) (1,2,3,4)
i

LA = L4 + LS + LTl + LM1 + LM2 + LX1
LB = L6 + L7 + LT2 + LM3 + LM4 + LX2

|

|
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Table K.5 Boolean Equations (LOCAs B), B , B2 3

fl0TES

!

1 The event LH6 LH7 was evaluated as a triple common mode

wrong position (open)g valves DHV-7, DHV-8, DH"-9 in the
human error of leavin

| after test.
,

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

,

i 3 It 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.

I

!

,

J

t

4

i
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Table K.6 (1/2) Fault Tree Quantification (B), B , B -LOCAs)2 3

NOTES'

1 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
ngligible contributors (c).e

'2 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 (6-factor) 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 assuming 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 C-factor) of 0.1 was assumed.

4 The event L5 L7 was evaluated assuming coupled failures between
pumps DHP-1A and DHP-18. A coupling coefficient (conditional
probability of failure of one pump, given failure of the other
pump, or 6-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 they see the same pressure
di fferential . A coupling coefficient (conditional probability
of failure of one check valve, given failure of the other, or,.

'

6-factor) of 0.1 was assumed.

j 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 additional frequency of 1.0 E-2 for leaving the third valve
in incorrect position. The two acts were assumed to be'

j independent.
.

] 7 See DC-power quantification tables,
,

|
8 The event DA contains event ACA.

!
1
1

,

s

i

1

!
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Table K.6 (2/2) Fault Tree Quantification (B), 8 , 8 -LOCAs) (Cont.)2 3

NOTES

9 LPA (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-lH(B) fails, operator can
recover by manually initiating. A frequency of 1.0 E-2 was
assumed to be the probability of failure to recover.

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

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

14 Only faults upstrea. ' crossover contribute to LA or LB.

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

16 This fault represents the human error of leaving 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 assu .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.

K-28



(.
>
i

!
.

1

| Table K.7 (1/2) LPI - Quantification Suninary (B ' 8 , B LOCAs)
1 2 3

!
l
!

1
-

| <

|

BOOLEAN POINT
'

VARIABLE ESTIMATES
- _ _ _

L3 1.0 E-5

. | LO6 5.0 E-2
1

|! LO9 1.0 E-2
'

11 C
i

{ LO17 5.0 E-2
1
,- ! L4 L6 1 1.0 E-5

|. i

| L5+L7 1.0 E-4
,

j L20*L31 2.0 E-5
,

! ! LH6 LH7 1.0 E-5

L28 2 .' O E- 4

i L!!6 1.0 E-3

I L31 2.0 E-4
4

i Lil7 1.0 E-3

! L4 2.0 E-4
! LS 3.2 E-3j

i | LM1 5.0 E-4

i |
Lf;2 5.0 E-4

{ ., ! LT1 8. 3 E-3
i ACA c *-

i : 3 . 2 E-2 * *
I i

I
t DCA C*

l ! 3. 2 E- 3**
! I

DA - 5.8 E-3 *
3.8 E-2 **

i I 5'

! L6
' 2.0 E-4

i
' |

>

|
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Table K.7 (2/2) LPI - Quantification Summary (B , 8 , B3 LOCAs)1 2

_. _

'

BOOLEAN POINT
VARIABLE ESTIMATES

L7 3.2 E-3

LM3 5.0 E 4
Lii4 5.0 E- 4 |

LT2 8.3 E-3
ACB c* |

3. 2 E-2 ** l

,

DCB c*
3.2 E- 3

DB 5. 8 E- 3*
| 3. 8 E-2 **

,

;

,

i

*0ffsite power available
**0ffsite power not available

|

K-30
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K.3,3 SYSTEM FAULT TREE QUANTIFICATION - RECIRCULATION PHASE

Modularized fault trees fu,' Low Pressure System failure during
the recirculatica phase were developed for the four LOCA size accident
initiators. For the smallest LOCA size (B ) the Low Pressure System is

4
not required until the recirculation phase. t recirculation this system
is required to boost the suction head of the high pressure pumps. Modularized
fault trees were constructed for failure to provide suction head to each
of the high pressure pumps, and failure to provide suction head to either
of the high head pumps. For the other LOCA sizes, the LPR is required to
inject water into the reactor vessel and remove heat during the recirculation
phase. Four modularized fault trees were constructed for failure of this
function, corresponding to fcilure of conbinations of each trair in injection
and recirculation leading to failure of both trains.

Table K.8 shows the success criteria for each LOCA size, Table K.9 l

shows the top event definitions for each of the modularized fault trees,
and Figures K.8 through K.14 show the modularized fault trees. The unavail-
ability or unreliability of each gate is shown on these trees, as well as
the unreliability of the. top events. Tables K.10 and K.ll show the Boolean
equations that represent the fault trees. Table K.12, the fault tree
quantification tables, show the quantification of each gate in terms of
component failure modes. The notes for this table explain the assumptions
that were made in the quantification. Tables K.13 and K.14 show the point
estimates of each gate.

l
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Table K.8 Low Pressure Recirculation - Success Requirements

INITIATOR TRAINS NOTES

B LOCA and 1/2 trains 1,2,3
u

Transient induced with associated
LOCA high pressure

* train

B LOCA 1/2 4,5,6
3

B LOCA 1/2 4,5,6
2

( B LOCA 1/2 4,5,6
t

.

K- 32
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Table K.8 Low Pressure Recirculation - Success Requirements

NOTES

1 For the B%-LOCA failures of pumps and valves to change
state (e.g., alignment to low head injection) which would
ordinarily be included in the anlysis of low head injection,
are included in low head recirculation. This is because the
low pressure system is not required until the recirculation
phase.

2 The low pressure trains are required to boost the suction
head of the high pressure trains. The associated trains of

'the low pressure and high pressure systems are required to
provide a flow path between the pump and the reactor vessel.
The associated DHCCCS-trains are also required to provide
component cooling and decay heat removal.

3 A possible second success path is 1/2 high pressure recir-
culation trains with associated low pressure train with 1/3
fan coolers operating. However, this success path implies
that component cooling is provided by the DHCCCS and only the
decay beat removal function of the DHCCCS is unavailable.
Such a failure mode for the DHCCCS is considered to be very
unlikely. Therefore, only the first success criterion was
used in the analysis.

4 The success path is 1/2 low pressure recirculation trains
with associated DHCCCS-trains for component cooling and
decay heat removal . The alternate success path of 1/2 LPR-
trains with 1/3 fan coolers was not considered for the reasons
given in Note 2.

5 For this initiator, the successful low pressure train need <

not correspond to a successful high pressure train.

6 Assumes system success in the injection phase.

.

.
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Table K.9 Low Pressure Recirculation - Top Events

BOOLEAN

REPRESENTATION TOP EVENT NOTES _

84 - LOCA

LHA Failure of low pressure system tc provide i
flow to suction of high pressure Train A
during recirculation

LHB Failure of low pressure system to provide 1

flow to suction of high pressure Train B
during recirculation.

LHR Failure of low pressure system to provide 1

flow to suction of at least one high pressure
train during recirculation.

OTHER LOCAs (8 , B , B )
1 2 3

LPR Failure of low pressure system to provide 2
at least one pump flow to reactor vessel
during recirculation.

LRR Failure of both low pressure system trains 2

to provide flow to the reactor vessel during
recirculation.

LIR Failure of los pressure system Train A dur- 2

ing injection and of Train B during recir-
culation to provide flow to reactor vessel.

LRI Failure of low pressure system Train B dur- 2

ing injection and of Train A during recir-
culation to provide flow to reactor vessel.

NOTES: 1. This event includes failure of the pumps to start, and failure
of the valves to align for injection.

2. This event assumes success or recovery during the injection
phase.
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LHR 5.4 E-2

.-%

i

Operator
Faults

I

-~ em em

|'

Operator Terminates Operator Terminates Train B Faul ts Fa'41ts in
LPI Pumps and Fails Low Pressure Pumps Upstream Leg B

to Manually During of Crossover Recirculation
Initiate Recirculation Line

7,h E-3 *6010
LO6

. 0 E- 3 LO E-3
5.0 E-2

DB

.

O Operator Fails
to Reconfigure 5.8 E-3

for ',

Reci rculation

frain A Faults Faults in
Ups + ream Leg A

LO4 of Cr issover Reci rculation
3.0 E-3 LineOperator

Fails to ESAS
LA*Manually AB L *34

Initiate Fail s DA 7.7 E-3 1.0 E-3

LO9 Il
DA1.0 E-2 g

5.8 E-3

Figure K.8 Modularized Fault Tree for Event "LHR" (8 LOCA)
4

I .

!
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LHA 5.5 E-2
,

-

i1 4'Operator DHV-110
.Taul ts Out for

Maintenancei

LM2

5.0 E-4
-~ <~ <~

Operator Terminates Operator Terminates Faul ts in Faults in'

LPI Pumps and Fails Low Pressure Pumps Leg A to Leg A
to Initiate During Suction Reci rculation

Valve A LineManually Recirculation

LA*
L01 L*3

LO6 E-3
1.0 E-3 1.0 E- 3.

F.0 E-2
DA

O -- DA
Operator Fails
to Reconfigure 5.8 E-3

for
Recirculation

Faults in Faults in
Leg B Leg B

LO4 to Crossover Recirculation3 0 E-3Operator Line
Fails to

ESAS ,Manually
Initiate phis 7.7 E-3 1.0 E-3g

LO9 11 Operator Fails
DB to Provide1.0 E-2 c

Flogrgm5.8 E-3

03
0.1

Figure K.9 Modularized Fault Tree for Event "LHA" (8 ' LOCA)4
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LHB 5.5 E-2

-%

I I

Operator DHV-111
Faul ts Out for

Maintenance
,

LM4

5.5 E-3
s -s e

:

lts in Fa ts in

[! tion
Operator Terminate: Operator Terminates
LPI Pumps and Fails Low Pressure Pumps Su Reci rcu'lation

to Initiate During valvo B Line
Manually Recirculation

LB * *

LO6 L010 1.9 E-2 1.0 E- 31.0 E-35.0 E-2
DB

[D Operator Fails
5.8 E-3'

|
to Reconfigure< . .

for

Reci rcul ation

Faults in Faults in
LO4 Leg A Leg A

to Crossover Reci rcul ation
1 0 E-3Operator Line ,

Fails t
ESASManually LA*

AB L*34Initiate |Fail s DA 7.7 F.-3 1. 0 E- 3
i

LO9 Il Operator Fails
DA ' to Provide1.0 E-2 c

5.8 E-3
FloUeh"S" .

LO3

0.1

Figure K.10 Modularized Fault Tree for Event "LHB" (P LOCA)4
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LPR 4.1 E-3

-%

l Both Trains Train A Fails Train A Fails Operator
'

Fail in Re- "
Tra aYs in ec y a- Fauns

ci rcul ation in tion, Train B

Recirculation Fails in Inj.

LRR I

1.2 E-5 LIR LRI
3.8 E-5 3.8 E-5

,

<

Operator Operator
Terminates Incorrectly

Pumps During Recon figures
Recirculation for
- Reci rcul ation

L010h
LO41.0 E-3

3.0 E-3

P

Figure K.ll Modularized Fault Tree for Event "LPR" (B), B , B3 LOCAs)2
,

X-r

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



.

LRR 1.2 E-S

(h

| I

Train 4 Train B
Fails Durff.g Fails During
Recirculation Recirculation

(\
i

,

'

Faul ts Faults Not Train A Faults Not Train B,.

Common to Common to System Common to System
Containment Other Interface Other Interface

Spray Systems Faults Systems Faults

; .

L*34 *12 *X1 L*1 L*12,

1. 0 E- 3 7.2 E-4 1. 7 E- 3 7.2 E-4 1. 7 E- 3
:i

!
.

Faul ts
4 Common to

Containment,

| Spray

.

'
. L*3

1.0 E-3
i

i

I

i

i

:

Tigure K.12 Madularized Fault Tree for Event "LRR" (B), B , B3 LOCAs); 2
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LIR 3.8 E-5

O
1

I I

Train A Fails Train B Fails
InjkS[ loo and During 3.4 E- 31.1 E-2 ,

RecirculationNot ,

Recovered

.-s -s

Non- Recoverable
.0 E-2 Recoverable Train A

Train A Faults, Not L*36 L*13 L*12
Faults Recovered

L*3 L*13 *12 .

8.5 E-4 1.0 E-3 7.2 E-4 1. 7 E- 3
-s

Faults Common Faults Not Train A Train A
to Contain- Common to Maintenance System
ment Spray Other Systems Interface

Faul ts
LM1

L4 +LM2

2.0 E-4 L5 LX11.0 E-3
3.2 E-3 5.8 E-3

Figure K.13 Modularized Fault Tree for Event "LIR" (B), B , B3 LOCAs)2
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LRI 3.8 E-5

(h

| I

Train B. Fails Train A. Fails
1.1 E-2 During Duri ng

Injection and Recirculation
Not Recovered

m -s

Non- Recoverable
Recoverable Train B

1. 0 E-2 Train B Faults Not L*34 L*12 L*X1
Faults Recovered

/''N L19 L*3 L*12 *X1

8.5 E-4 1.0 E-3 7.2 E-4 1. 7 E- 3
- s

Faults Common Faults Not Train B Train B
*to Contain- Common to Maintenance System

ment Spray Other Systems Interface
Faul ts

M3
L6 +LM4

2.0 E-4 L7 \' LX21.0 E-3
3.2 E-3 5.8 E-3

,

1

Figure K 14 Modularized Fault Tree for Event "LRI" (B), B , B3 LOCAs)2
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Table K.10 Low Pressure Recirculation (8 -LOCA)4

BOOLEAN EQUATIONS BASED ON MODULARIZED FAULT TREES

"
TOP EVENTS

LHR = LO4 + LO6 + L010 + Il LO9 + (L*34 + LA* + DA)-(L*36 + LB* + DB) (1)

LHA = LM2 + LO6 + L010 + LO4 + Il LO9 + (L*34 + LA* + DA)-

-(L*36 + LB* + DB + LO3)

= LHR + LM2 + LO3-(L*34 + LA* + DA) (1)

LHB = LM4 + LO6 + L010 + LO4 + Il LO9 + (L*36 + LB* + DB)-

-(L*34 + LA* + DA + LO3)
= LHR + LM4 + LO3-(L*36 + LB* & DB) (1)

INTERMEDIATE EVENTS

L4 + LM1 + LM2 + LTl L0ll + Ll4 + L*X1LA* =

L6 + LM3 + LM4 + LT2 LO12 + L15 + L*X2LB* =

L*X1 = ACA* + DCA* + DA*

L*X2 = ACB* + DCB* + DB*

BOOLEAN EQUATIONS REGROUPED FOR REDUCTION

TOP EVENT

LHR = LO4 + LO6 + L010 + Il LO9 + (L4 L6) + (Ll4 L15} +

(DA DB) + D*l D*2 + L6 L*34 + L4 L*36 + L*34 L*36 ++

DA-(L*36 + L6 + LM3 + LM4 + LT2 LO12 + L15 + D*2) ++

+ DB-(L*34 + L4 + LM1 + LM2 + LTl L0ll + Ll4 + D*l) +
+ D*l-(L*36 + L6 + LM3 + LM4 + LT2 L012 + L15) +

D*2-(L*34 + L4 + Lhi * LM2 + LTl L0ll + Ll4) ++

Ll4-(L*36 + L6 + LM3 + LM4 + LT2 L012) ++

L15-(L*34 + L4 + LM1 + LM2 + LTl L0ll) ++
*

(L*34 + L4)-(LM3 + LM4 + LT2 L012) ++

(L*36 + L6)-(LM1 + LM2 + LTl L0ll) (2,3)+
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Table K.10 Low Pressure Recirculation (B -LOCA)4

B0OLEAN EQUATIONS BASED ON MODULARIZED FAULT TREES

NOTES

1 These equations are not fully reduced since LM2 appears
in LA* and LM4 appears in LB*. The term LM2 LM3 represents
simultaneous maintenance outages in both legs, and are
omitted since they are prohibited by Technical Specifications.

2 Terms representing simultaneous outages in both legs are
omitted since they are prohibited by Technical Specifications.

3 For quantification, events L4 L6 and Ll4 L15 are assumed to
be coupled. (Sec Fault Tree Quantification Tables.)

,

8
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Table K.ll Low Pressure Recirculation (B), 8 , B -LOCAs)2 3

BOOLEAN EQUATIONS BASED ON MODULARIZED FAULT TREES

TOP EVENTS

LPR = LO4 + LO10 + LRR + LIR + LRI

LRR = (L*12 + L*34 + L*XI)-(L*36 + L*13 + L*X2)
LIR = (L*13 + L*36 + L*X2)-(L4 + L5 + Ll7 + LM1 + LM2 + LX1)
LRI = (L*12 + L*34 + L*X1)-(L6 + L7 + L19 + LM3 + LM4 + LX2)

INTERMEDIATE EVENTS

LX1 = ACA + DCA + DA

LX2 = ACB + DCB + DB

L*X1 = ACA* + DCA* + DA*

L*X2 = ACB* + DCB* + DB*

BOOLEAN EQUATIONS REGROUPED FOR REDUCTION

TOP EVENTS

LPR = LO4 + LO10 + LRR + LIR + LRT

LRR = (ACA* ACB*) + (DA* DB*) + ACA* DB* + ACB* DA* +

+ (L*13 + L*36)-(ACA* + DA*) + (L*12 + L*34)-(ACB* + DB*) +
(' *12 + L*34)-(L*13 + L*36)

LIR = (ACB* + DB*)-(ACA + DA) +

+ (LM1 + LM2)-(L*13 + L*36 + ACB* + DB*)

+ (L4 + L5 + L17)-(L*13 + L*36 + ACB* + DB*) +
+ ( ACA + DA)-(L*13 + L*36)

= (ACA* + DA*)-(ACB + DB) +

+ (LM3 + LM4)-(L*12 + L*34 + ACA* + DA*) +

+ (L6 + L7 + L19)-(L*12 + L*34 + ACA* + DA*) +
+ (ACB + DB)-(L*12 + L*34)

K-44
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fSENS.
FA NOTESEVENT C0"POMENT EVENT OR FAULT CESCRIPTICN pATE R 1) DURAT C 4(HR) R ! R

1
|

'

LA' ,

L3 * | SEE GUr4TIFICATION TESLE

LD3 |0FERATCR FAILS TO OPE'i VALVES Dl!V-7 M!D DHV-S
! TO PROVIDE Flou FR0i' LEG B(A) TO HIGH g
! PoESSUcE TFAIN A (B), GIVEN FAILUPE cr

[ OF LEG A (3) 0.! 5+, 5- 0 10 g
LO4 luPERATOR FAILS TO RECONFIGURE FOR RECIRCULATION X

o 3.0 E-3 10+, 10- 0 14
*

~

]LO5 0PERATCR TUP'iS LPI 0FF AND FAILS TO INITIATE o 5.0 E-2 7,10- 0
1

11 kSA50LB3 ILB3' F/ ills TO ACTUATE BOTH PU1FS qc

f0PEFATORFAILS TO i;ANUALLY INITIATE FUt:oS o 1.0 E-2 3+, 1T 0 $LO9

L910 ' OPE"ATOR INADVERTEHTLY TEFMINATES LO4 PRESSUPE
! RECIRCULATION o 1.0 E-3 10+, 10- 0 15 2

o

|DHV-113 tu!NTENANCE CUTAGE .02/720 le 5.0 E-4 3+, 3- t: 11 gLM2

LT4 iDiiV-111 nlNTEV NCE CUTAGE .02/729 1" 5.0 E-4 3+, 3- M 1] {
L*34 FAULTS IN LEG A RECIRCULATION LINE 1.0 E-3 (

7 D!iV-42 FAILS TO OPEN D 1.0 E-3 3+, 3- 3
$ D!!V-42 S'4 ITCH FAILS TO TRANSFER D 1.0 E-5 3+, 3- g

"
'DiiV-42 PtuccEo 3.0 E-7 24 7.2 E-G 3+, 3-

_

:=1.0 E-3 p
L*36 FAULTS IN LEG B RECIRCULATION LINE 1.0 E-3 |

2
-

f,3-| [DHV fi3 FAILS TO OPEN D 1.0 E-3

DilV-43 S'flTCH FAILS TO TRANSFER D 1.0 E-5 3+,3-| 5
WV-C3 PtuccEn 3.0 E-7 20 7.2 E-6 3+, 3 ; 3

I-1.0 E-3 | 0
L4- EVENT INCLUDING COUPLED VALVE FAILUPES I 7.
LG DilV-34 AND D!iV-35 1.0 E-5 2+, 2- B 12 8
L14 EVENT INCLUDING COUPLED PutiP FAllCRES
L15 D!!P-14 AND OHP-1B 1.0 E-4 2+, 2- B 13

1

DA DHCCCS A TRAIN INSUFFICIENT COOLING 5.8 E-3
DB DHCCCS B TRAIN INSUFFICIENT COOLING 5.8 E-3
DA DB DHCCCS AaB INSUFFICIENT COOLING 1.4 E-4

TRAINS '

- _ - . _ _ _ _ . | _ _-- ! -

3 - - --_ ___-__
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?

fat U E !EVENT COMPONENT EVENT OR FAULT DESC9IPTION SENS. NOTESpg g - 1) DURAT ON(HR) R I I OR

FAdLTSCbM01TOREACf0RSUILDINGL4 i
SPRAY I?;JECTION

2.0 E-4
P,0V DHV-34 VALVE PLUGGED t

o 1.0 E-4 3*, 3- 17
<

'DHV-33 CHECK VALVE FAILS TO OPEN (PLUGGED) D 1.0 E-4 3+, 3- 17
-i
g.

,

22. 0 E- 4 m" !
L14 FAULTS NOT C0tNN TO REACTOR BUILDir!G I

iSPRAY INJECTION 3.7 E-3 C
iC.'t?-1A PUMP FAILS TO START D 1.0 E-3 3+, 3- g |:DHP-1A PUMP FAILS TO RUN FOR 24 HRS 3.0 E-5 24 7.2 E-4 10*, 10- D ||IRCUIT3XRi *

!f -1AHP FAILS TO CLOSE D 1.0 E-3 3+, 3- m t
HV-21 MANUAL VALVE LEFT CLOSED D 1.0 E-3 H 3

<

PDP-5A FUSE
g
710 OPEN AND FAILURE TO RECOVER (0.1)(1.E-6) 168 1.7 E-5 3+, 3- 2, 9y _

t=3.7 E-3 5a
*^ Uil iP-1A QUT FOR MAINTEf;AilCE .02 /720 IS 5.0 E-4 3+, 3- II

*
=

Lf;2 HV-110 DUT FOR |1AlHTEM?lCE .02/720 1S 5.0 E-4 3*, 3- M E i
c ,

LTIt01]
LEG A IN TEST AND FAILURE TO RECOVER ' 3~ H 58.3 E-4

LT1 LEG A IN TEST 2/720 3 S
.

8.3 E-3 3. ILO11 OPERATOR FAILS TO RECOVER FR0n TEST
O !BY CLOSING DHV-8 AND DHV-9 0.1 3, 3- 5 g |

" 8.3 E-4 @ (L*XI TRAIN A SYSTEr. INTERFACE FAULT 1.7 E-3 I

ACA* AC TRAIN A NSUFFICIENT power
6, 7c

,

DCA* DC TRAlii A INSUFFICIENT power m
c 8

2DA* DilCCCS A TRAII INSUFFICIENT COOLING 1.7 E-3 S |S
t

iy

__ _ _

!
,
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i

h

t-
I FAI E SENS* NOTES

C0f1 pot!ENT EVENT OR FAULT DESC9tPTION RgE\MR-) DURAT N(HR) A I F C OR
| EVENT ,

_
_

I
i

L6 i FAULTS C0f'Mori TO PEACTOR BUILDING
SPRAY INJECTI0ri 2.0 E-4

f
'DHV-35 VALVE PLUGGED D 1.0 E-4 3+, 3- 17 [

t
!

!
t

,

|OiECK VALVE
CHV-36 FAILS TO OPEN D 1.0 E-4 3*, 3- 27 g

r=2,0 E-4 E
o

L15 IIARDWARE FAULTS NOT C0f7&J TO REACTOR n ,

!
3UILDli!G EPRAY INJECTION 3.7 E-3 -

-
"

DiiP-1B PUMP FAILS TO START D 1.0 E-3 3+, 3-
-

1

(D||P-1B PUMP FAILS TO RUN FOR 24 HRS 3.0 E-5 23 7.2 E-4 10+, 10- w
* '

fDHP-13 CIRCull '

BREAKER Fatts TO CL0sE D 1.0 E-3
I 1.0 E-3 |1 3 7Driv-32 MANUAL VALVE LEFT CLOSED D ,

mi .

s
Y !DPDP-5BFUSE

$ 10 RAILS OPEN 1.0 E-6 163 1.7 E fi 3+, 3- 2 ", |
_

0.1 {,0PEPATOR FAILS TO RECOVER

w=1.7 E-3 1

t=3.7 E-3 g
LM3 DiiP-1B OUT OF SERVICE .02/720 1c 5.0 E-4 3+, 3- M $ ,

n ;

U;4 D:lV-111 00T OF SERVICE .02/720 10 5.0 E-4 3+, 3- K ;
K, |LT20012 LEG S IN TEST AND FAILURE TO RECOVER 2.3 E-4 5+, 3- Il
a

LT2 LE3 B IN TEST 2/720 3 0.3 E-3 4 g,
o

L312 OPEPATOR FAILS TO RECOVER FR0!i TEST BY s

CLOSING DiV-7 OE DHV-9 0.1 3+, 3- 5

"=8.3 E L: M'
m

L*X2 INTERFACl"G SYSTEf1 FAULTS
1.7 E-3 2

o

ACB* AC TRAIN B g
|6, 7 sC

INSUFFICIENT POWER
|

CC3* DC TRAIN L I
'

8c
INSUFFICIENT POWER !

DC' DHCCCS-B I
I i

INSUFFICIENT COOLING 1 1.7 [-3 | j
,
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hLdVI[ LABILITY! FAULT ER40RF A l t,UR E SENS. 4 ESEVENT CortPONENT EVENT OR FAULT EESCRIPTICN RATELHR-1) DURATICN(HR) | OR PROBABILITY
FACTOR

-.

i i'

! LO4 CPEPATOR ! FAILS TO RECONFIGURE FOR RECIRCULATION D
3.0 E-3 :10+, 10- 0 14'

,,

| LO10 OPERATOR INADVERIENTLY TERMINATES LOW PRESSURE
i RECIRCULATION D 1.0 E-3 10+,10- 0 15
'
.
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EVENT C0t1PONENT EVENT OR FAULT DESC91PTICN R ,AI R-1) DURAT N(HR) ILI OR
F E SENS. NOTES

E

L*12 S!!,GLE HAR2 TAPE FAULTS THAT ARE NOT
'

7.2 E-4
i

C0f?C:t TO OTHER SYSTE!'S (TMiti A)

PUi'P D:7-1A | FAILS TO CONTisuE TO ruN 3.') E-5 24 | 7.2 E-4
L*13 SINGLE Hf RC'NE FAULTS THAT A''E NOT |

C0f7:0TA TO OTHER SYSTEMS (TRAIN B) 7.2 E-4 i

PUT:P D!i?-1B FA!LS TO CONTINUE TO RUN 3.0 E-5 24 7.2 E-4
L*34 FAULTS IN T % IN'A C0"PON TO CONTAIN-

I;ENT SPMY 1.0 E-3 -4
au

T10V DHV-42 NC VALVE FAILS TO OPEN D 1.3 E-3 E
CHV t:2 SWITCH FAILS TO TRANSFER D 1.0 E-5 *

n0:iv-L'2 PLUGCED 3.3 E-7 24 7.2 E-6 *

.-.

"z=1.0 E-3
n

L*36 FAULTS IN IPAIN B COT'T'ON TO CONTAlf:- E
i:ENT SPRAY 1.0 E-3 j *

fiOV DHV-43 NC VALVE FAILS TO OPEN D 1.0 E-3 '

m
DHV-43 SWITCH FA!LS TO TRAtlSFER D 1.0 E-5 ;g

E DHV-i.'3 PLUGGED 3.0 E-7 7.2 E-3 5,o -

I-1.0 E-5 -

m
L*X1 TRAIN A SYSTEt; INTERFACE FAULTS 1.7 E-3 "_
ACA* AC TMIN A

5INSUFFICIENT PCHER c
:s

DCA* DC TRAIN A E
O -s

INSUFFICIENT POWER c "*

n
DA* DHCCCS-A $

INSUFFICIENT COOLING 1.7 E-3 $
L*X2 TRAIN B SYSTEF. INTERFACE FAULTS 1.7 E-3
ACB* AC TRAIN B '

INSUFFICIENT POWER c

DC8* DC IRAIN 3

INSUFFICIENT POWER c

D3 ' DHCCCS-B

INSUFFICIENT COOLING 1.7 E-3 I
i !

_. L_ _ . _ __i . _ _

____ . _ _ _ _ _ _ _ _ _ . _ _
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NEVENT COMPONENT EVENT OR FAULT DESC9IPTION RATE HR-1) DURATI 4(HR) LI OR
.

j
. - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

._______._7
-- -_ _ _

-

L* 6 FAULTS IN TRAIN B C0i~0N TO CONTAIN-
'

f:ENT SPRAY (SEE LPR TABLE) 1.0 E-3'

! L*13 SINGLE HAPD'MRE FAULTS NOT C080N TO
OTHER SYSTEliS (SEE LRR TABLE) 7.2 E-4

L*X2 TRAIN B SYSTEr INTERFACE fat,:TS (SEE
LRR TABLE) 1.7 E-3 g

L4 FAULTS C0m0N TO CONTAINPENT SPRAY 3
(SEE LA TABLE) 2.0 E-4 g:

L5 FAULTS NOT C0f"P.ON TO OTHER SYSTEP.S X
(SEE LA TABLE) 3.2 E-3 3 +, 3- H

*

~
N

U:1 DHP-1A OUT F00 MINTENANCE (SEE LA
i TA3LE) 5.0 E-4 3+, 3- M 2

Ui2 DHV-113 OUT FOR ",AINTENANCE (SEE LA D'

TABLE) 5.0 E-4 3+, 3- M
~

LX1 SYSTEM INTERFACE FAULTS: 01LY DHCCCS m
TRAIN A, NON LOSP (SEE LA TA3LE) 5.8 E-3 ic s

Y L17 RECOVERACLE TPAIN A FAULTS NOT 5g RECOVERED 8.5 E-4 3+, 3- 0 -

12- DHV-5 DOES NOT RECEIVE ESAS AND C
LO13 OPERATOR DOES NOT REC 0VER 9'

12 DHV-5 DOES NOT RECEIVE ESFAS (ILB3) D .o

hUll3 OPERATOR FAILS TO PEC0VER 0.1 3+, 3' 0
* 2.-c

LT1 LEG A IN TEST AND OPERATOR DOES NOT
L914 RECOVER 8.3 E-4 %

(LT1 LEG A IN TEST 3 8.3 E-3
LO14 OPERATOR FAILS TO RECOVER 0.1 3+, 3- 0

==8.3 E-4
11 '

L915 DHP-1A DOES NOT RECEIVE ESFAS !<

11 PUMP DHP-IA DOES NOT RECEIVE ESFAS (ILB3) D c
.

L915 OPERATOR FAILS TO RECOVER 0.1 3+, 3' 9

Tut

-J

. _ _ _ _ _ - - _ _
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i T- r-EVENT ^ ECO.*1PCN E NT EVENT OR FAULT DESCRIPTICN R TE HR- ) U T ON(HR) PL OR
*

I I
L*34 FALLTS IN TRAIN A C0i7701 TO CONTAll- !9

, pef!T SPRAY (SEE LRR TA3LE) 1.0 E-3
4

L*12 TRAIN A FAULTS NOT C0;F01 TO OTHER | 1'SYSTEiS (SEE LFR TAELE) 7.2 E-fi |
L*XI TRAIN A SYSTEF INTERFACE FAULTS (SEE

LFR TELE) 1.7 E-3 3 U
LG FAULT COPT.ON TO CONTAINTIENT cPPAY (SEE

c-

L3 TAT.LE) 72.0 E-4
L7 FAULTS NOT C0"F04 TO OTHER SYSTE.9S x

*

(SEE LB TE LE) 3.2 E-3 3+, 3- H
~
N

LN3 l DilP-13 OUT FOR GINTENANCE (SEE LB
,

'

! gTOLE) 5.0 E-4 3+, 3- E s
LM I DilV-111 OUT FOR MAINTEN?NCE (SEE L3 u)

l TABLE)
~

5.0 E-4 3 +, 3- ti'
LX2 SYSTEri INTERFACE FAULTS: DB, NON LOSP m '

f ;g ;ONLY (SEE LB TiBLE) 5.8 E-3 16 3$ L19 FECOVEPAELE TPAIN B FAULTS NOTN
RECOVERED _

8.5 E-4 3+, 3- 0
I2- I

g 7

L013 DilV-6 DOES NOT RECtlVE ESFAS AND 1
GPERATOR DOES NOT RECOVER 9.

12 DHV-6 DOES NOT RECEIVE ESFAS (ILB3) m
D .

!%c
L013 OPERATOP FAILS T0 PEC0VER 0.1 3+, 3 ; 9 %|

| i ! $,. uc

| LT2- r a

| L014 LES B IN TEST A!D OPEFATOR DOES NOT ! C.
'

) FEC0VER @3.9 E-It
) LT2 LEG B IN TEST 3 8.9 E-3 I

;

| L114 CPERATOR FAILS TO RECOVER 0.1 3+, 3- 9 f

| w=8.9 E-4
Il-

| L115 DHP-1B DOES NOT RECEIVE ESFAS .

j.

11 PUMP DHe-1B DOES NOT RECEIVE ESFAS D .

| L015 OPERATOR FAILS TO PEC0VER

t

0.1 3+, 3- 0
__ l_._ l

|

. '"

, .

m -
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Table K.12 (3/9) rsent "LRI" Quantification

i

I.i aw
! W
i O i

Z |

___

1

*
J

tt1 e

vt

L
! !,

| x =3c
!Ok ,

l & tJ e +
12 *C FS
ww i

, . . -

; > >.
,

-e

g

& La .r LA &
I F. m i 8 8 8 I

(4 LA.J LAJ LLJ LLI

h r% t's e4 f%

i > Q. I

= * CTl*, o
| at 0; - * C M (9
lg

'

M M
e M N
z er r N I

3O ,
,.

. ,
6.- -

4

x .
I h
tip..
CJ/ +

D" |
1 at * .

tn. *tx
|D .

! -

-
eshI

E i( Y
31 ; O

i_Pw* s

s{ b I

1

|,'
.,

Wc
4' u

2 ' o 6
| n J

; ; a w
c- , n o

| N | & *

f u i w w
| @ | v > OC in W
!'

w - 3w :D wO | L1 u. L*
-
|

| . a 0
l- H cn U r.fw L.)
'

J La L ; La LaJ
U j e (J" 6 LE )4 a cL

I,

kr. 'Gw Ca >-i 'C'. O CL O

4'
N Q6* G .7
O

> . L1 F in
6.- ( J LtJ O LAJ
Z L: O CY O
w Lt O LL. C3

'>
w cd Cr O'. CT:

Ls.) O LLJ O
|r H Le H
o <r o *1-

-

O.O' O. C1
:! W w
4 c a. o. *.a.W*. O O

i
b*
Z
W

I .*- O
J (L '
! 1|
- o

u

! __

| . m e.

F N .-4 PS c- 4-.

W .D D DS
w1 ._

l

,

K-53
t

i

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



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

11

1

NOTES

I
1 Only faults upstream of crossover centribute to LA* or LB*.,

2 Fault 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.

7 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.

8 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 replacing 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 operation, but it is an obvious alternative
and sufficient time is available to perform the act.

11 Lf!2 also appears in LA*; Lf14 also appears 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.

K-54
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Table K.12 (2/2) Fault Tree Quantification Tables

NOTES

12 The event L4 L6 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 8 factor) of 0.1 was assumed.

13 The event Ll4 L15 was evaluated assuming coupled failures
between pumps DHP-1A and DHP-18. A coupling coefficient
(conditional probability of failure of both pumps, given '

failure of one pump or 6 factor) of 0.1 was assumed.

14 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.

15 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.

16 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.

17 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 Quantification Summary (B LOCA)
4

._ ._

BOOLEAN POINT
VARIABLE ESTIMATES

,

L4 2.0 E-4<

L14 3. 7 E- 3

Lt11 5. 0 E- 4

LM2 5.0 E 4
LT1 LO11 8.3 E-4

LT1 8.3 E-3j

| LC11 0.1

| L*X1 1.7 E-3

| ACA* c

DCA* cj
'

DA* 1. 7 E- 3

L6 2.0 E-4

! LI3 5. 0 E-4

| LM4 5. 0 E-4
i

|LT2LO12 8.3 E-4

i LT2 8.3 E-3
LO12 0.1

L15 3.7 E-3
L*X2 1. 7 E- 3

ACB* c

DCB* c

DB * 1. 7 E- 3

! LA* 7. 7 E- 3

LB* 7. 7 E- 3

LO3 0.1

LO4 3.0 E-3

K-56
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. Table K.13 (2/2) Low Pressure Recirculation - Quantification Summary (84 LOCA) , '

1
i '.., s

, .
, - ~

~
-

'

, . -
..

_

i '

; _

.1g -_ _ _ _ _ _ _.
e
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; ~ -
. t

n .

| BOOLEAN s TOINT
.'

- '
,

j
VARIASLI- | ESTIMATESl'
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r
- t '

_

| . ~,
LO6 5.G E-2

~: i
. 11 ,- ' c

. ,

' *
3 0- . , - .

s

' #LO9 1.0 E-2 <

s-

LO10 1. 0 E- 3 '

Lt12 5.0 E-4
";

' '

|
., Lfi4 5.0 E-4 j. '

.

[L*34 1. 0 E- 3
o.

i

; L*36 1. 0 E- 3
i

,

j L4*L6 1.d E-5 ,

L14 L15 1,0,E-4.
.

, , .
'

L17 8.5 E-4 -

'"
, .o
l
i i L19 8.5 E-4

'
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Table K.14 Low Pressure Recirculation - Quantification Summary
(B , B , B3 LOCAs)1 2

!
!4 ,

,

,
_ _ _ _ . -

'

BOOLEAN POINT
VARIABLE ESTIMATES

LO4 3 . 0 E- 3

LO10 1.0 E-3

L*12 7.2 E-4

L*13 7.2 E-4

L*34 1. 0 E- 3

L*36 1. 0 E- 3
'

L*X1 1.7 E-3
'

ACA* c .

'

DCA* c '

DA* 1. 7 E- 3

L*X2 1.7 E-3
ACB * c

DCB * c

DB * 1. 7 E- 3

| L4 2.0 E-4
L5 3. 2 E- 3

LM1 5.0 E-4

LM2 5.0 E-4
m ,J 5.8 E-3

'

L17 8,5 E-4

L6 2.0 E-4
L7 3.2 E-3

|
LM3 5.0 E-4.

Lt14 5.0 E-4
LX2 5.8 E-3
L19 8. 5 E-4

.

_ ,
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APPENDIX L
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I *

REACTOR BUILDING EMERGENCY COOLING SYSTEM (RBECS)
1

s

i

i

1

}
i

i

l

|
|

|

|
|

|
l

|
|
i

1

i

I*

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

|
'
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APPENDIX L
,

REACTOR P'lILDING Ef1ERGENCY COOLING SYSTEM (RBECS)
,

:
I

'

L.1 SYSTEM DESCRIPTION AND OPERATION

j Two redundant and diverse cooling systems arc provided to cool
the Reactor Building (RB) atmosphere during post accident tirn periods..

I RB cooling is necessary in order to prevent overpressurization and potential

| subsequent failure. The Reactor Building Emergency Cooling System (RBECS) is

j 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 Figure L.l.
.

The RBECS consists of three fan / cooler assemblies. This system

f is independent and diverse from the spray system. The RBECS simply circulates i

containment air through the coolers. During emergency service, the heat
load from the fan coolers is diverted to the Nuclear Services Closed Cycle

! Cooling System (NSCCCS).

1

j L.l.1 SYSTEM DESCRIPTION

I The RBECS is comprised of three large fan assemblies. A schematic

diagram of the fan system is shown in Figure L.l. Eacn 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
i

building) and the third at EL 119. The air from the lower fans is discharged;

j into the reactor building at EL 102. The air from the upper fan is discharged
' 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 AB centers. This way, failure of either 480V train
1
' will only fail one fan. Each fan has two motor coils, a high speed coil for

normal operation and a low speed coil for emergency operation. Two fans
,

operate during normal plant operation. Back pressure dampers in the ducting
restrict airflow to the inactiva fan assembly.

| ,

|

L 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,
low air flow, and fan assembly vibration. The fan motor bearing temperature
is computer alarmed. Major component data are listed in Table L.1.

j

\

!

.

.
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L.l.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

0unit. The cooling water outlet temperature of 85 F is raised by 8 F. During
6normal operation the heat load per fan assembly is 2X10 BTU /hr. The post-

LOCA saturated condition of the containment atmosphere raises the .wat load
6to 80X10 BTV/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.
1

; The configuration 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 t} eat load is switched from the industrial cooler to
the NSCCCS. This is necessary because of 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.

L-3



Table L.1 (1/2) Reactor Building Cooling Unit Performance and Eauipment Data

(Capacities are on a per air handling unit basis.)

Duty

Performance Data Emergency Normal

No. Installed 3 3

Type Coil Finned Tube Finned Tube
6Design Heat Load, Btu /h 80x./ 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 1 8. 31 ---

Total Pressure, psia 68.30 Atmospheric

Cooling Water Flow, gpm 1,780 530

Cooling Water Inlet Temperature, F 105 85

Cooling Water Outlet Temperature, F 183 93.1

Equipment Construction Data

Item Description

i

Coil Tubes 5/8 in. OD seamless copper withI 0.049 ia. wall
1Coil Fins 0.008 in. thick copper spaced,

8.5 per inch.

Coil HeaderI; Schedule 40 steel pipe
Plenum Casittg 1/4 in, steel plate

,

Fan Casing 1/4 in. steel plate

Motor
'

Pipe ventiTated--air to water
heat exchanger

Casing Mater.ial ASTM A-36

|

|
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Table L.1 (2/2) Reactor Building Cooling Unit Performance and Equipment Data

(Capacities are on a per air handling unit basis.)

<

Summary of Requirements fort

Reactor Building Fan Cooling Units
,

| Item Acceptance Standard

Cooling Coils
,

: Tubes and Fins ASTM Material Specification
Hydrostatic Test ASME Section VIII

Demisters ASTM Material Specification

Casing and Miscellaneous Parts ASME fiaterial Specification

Painting SSPCS SP-1063T

! Piping

i Fabrication, Welding, and Inspection USAS B31.1

Seismic Requirements Seismic Class I

Motors NEMA MG-1, ANSI C50.2 and
50.20, IEEE

,

4

1

-
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L.2 SYSTEf' 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 (T.S. 4.6.2.3.) to be tested and
flow verified, once a month. Each cooler is flow

,

monitored in the control rcom. 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.i

|
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L.3 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 contributor 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 28) 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.

!

1

|

| L-9
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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. Table 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.

L-10
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| Table L.2 Fan Coolers - Injection
!

SUCCESS REQUIREf1ENTS
,

1'
i

; INITIATOR TRAINS NOTES
1

i !
:

B),B '0 '04 1/3 fans2 3
t
;

k

l

r

s

'

4
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!

I

!
.

i
i

I

,

d
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a
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,

4

f

}
i
:

i
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Table L.3 Fan Coolers - Injection

.,

i

| TOP EVENT DEFINITION

B0OLEAN
REPRESENTATION TOP EVENT NOTES.

FCI Failure of fan cooler system to
provide at least 1/3 fan cooling
to containment during injection
phase.

f
i

,

i

!
i

i
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|
Non LOSP: 2. 7 E- 3

- FCI,

LOSP: 3. 5 E- 3

; -

'
I I I I

Single Maintenance System Double Failures
i Faul ts Outages Interfacing With Loss of
; Faul ts Offsite Power

h *
/FX1 ,

Ncn LOSP': 1.3 E-4 O'

I LOSP: 2.8E-3 (Note 3)^

Valve-

', Faul ts
Offsite

Power
Not

F3 Available6. 0 E-4 Failure of Fan B
AC Power Out of
Train A Service (Note

AL
,

Non LOSP: 0/ N ACABreaker F5 LOSP: 1
i Faul ts Non LOSP: c 2.3 E-3
; Offsite LOSP: 3.2 E-2

Power
F2

i Available
i 2.0 E- 3

_ (Note 1)
AL

Non LOSP: 1
'

LOSP: 0

| Figure L.3 Modularized Fault Tree ior Event "FCI"
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|

I

! Figure L.3 Fan Coolers - Injection

!
FAULT TREE

NOTES

!

1 For cases where offsite power is available, house XE h one;
for cases where offsite power is not available house AL is rero.

2 AL is the complement of house XE. For cases where offsite
i power is available, house AL is zero; for cases where offsite

power is not available house AL is one.

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

-

I

m

b

'l

I

,

4

,
'
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Table L.4 Fan Coolers - Injection

BOOLEAN EQUATIONS BASED ON MODULARIZED FAULT TREE

TOP EVENT NOTES

FCI = KE.F2 + F3 + FX1 + AL ACA F5 4 FM (1,2)

B0 CLEAN EQUATION WITH TERMS REGROUPED FOR SEQUENCE ANALYSIS

FCI = F4 + FX1 + AL ACA F5

F4 = AE F2 + F3 + FM

"X1 = N + ACA ACB + DCA DCB

NOTES: 1. Maintenance outage contributions are negligible for this
system since it was assumed that only very rarely would
2 fans be out for maintenance.

2. 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.

L-15
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Table L.5 Fan Coolers - Injection
!

QUANTIFICATION TABLES

fiOTES
T

: 1 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

j at the same time.

3 After Boolean reduction, FX1 = N.

;

.

f
!

1

|

I
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Table L.6 RBECS - Injection Phase Quantification Summary

|

BOOLEAN POINT

| VARIABLE ESTIMATES
i._____

1

I i

| 5'l 1* I
0**

,

| F2 2.0 E-3
I

|
F3 6.0 E-4

! FM c

a

i

'
AL 0*

1**;

; F5 2.3 E-3
i
; ACA c*

3. 2 E-2 * *.

'

ACA ACB c*
i
, 2. 3 E- 3**
1

I

i

i

|

*0ffsite power available
**0ffsite power not available

L-19
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L.3.3 SYSTEM FAUI.T 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.ll
summarizes the point estimates for each gate.

.

(

|
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Table L.7 Fan Coolers - Recirculation

SUCCESS REQUIREMENTS

INITIATOR TRAINS NOTES

B ,B ,B ,B 1/3 Fansj 2 3 4
.

;

J

-|
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Table L.8 Fan Coolers - Recirculation

TOP EVENT DEFINITION
,

BOOLEANq

REPRESENTATION TOP EVENT NOTES

:

FCR Failure of fan cooler system to
provide at least 1/3 fan cooling
to containment during recirculation,

phase
:

!

i e

i

4

I

:

I

L-22
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FCR 2.5 E-4

-

Fan System System
liardwarc Interface

Fails Late Faults (Late)

F* F*X1

2.4 E-4 1.0 E-5

Figure L.4 Modularized Fault Tree for Event "FCR"
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Table L.9 Fan Coolers - Recirculation I

BOOLEAN EQUATIONS BASED ON MODULARIZED FAULT TREE

TOP EVENT NOTES

FCR = F*1 + F*X1

INTERMEDIATE 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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Tatile L.10 Fan Coolers - Retirculation -

'

.

-
-

>w .:.

''
'

QUANTIFICATION TABLES '~

<. s s

NOTES
' A

-,

,

1 This fauft was assessed assuming that failure of, a;l
3 fans in the post-LOCA environment would be cou,) led. v. _ .

i A failure rate of 1.0 E-4/hr. was used'as the basic failure rate
(intermediate between the normal and extreme environment failure-

~

*
i - ?ates given in WASN-1400).
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Table L.11 RBECS - Recirculation Quantification Summary

__

BOOLEAN P0 INT

VARIABLE ESTIMATES

F*1 2.4 E-4

|ACA*ACB* c

:
!

t

I
-

|

I
i

i

n

f

{- I

i

.
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REACTOR BUILDING SPRAY SYSTEM (RBSS)
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APPENDIX M RCACTOR BUILDING SPRAY SY. 2M (RBSS)
>

&

M.1 SYSTEM DESCRIPTION AND OPERATION

The Reactor Building Spray Systen 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 tile
containment atmosphere. The pressure reduction function of the sprays serves
as a back-up to the reactor building emergency cooling system (RBECS, Appendix
L). The RBSS is an engineered safety feature and performs no normal oneratino
function.

,

M.l.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% 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-lA 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 configuration is described

| in Appendix K. Old 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 rings, evenly divided between both spray trains
(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.

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

|

!
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M.l.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 gpm requires a NPSH of 24.8 feet).

High and low flows are alarmed in the control room. The alarm
set points are automatically transferred to the lower recirculation values

when the suction is reconfigured to the 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.i

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. All 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.

t

I
|

|

|
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Figure M.1 Reactor Building Spray System Schematic Diagram
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M.2 SIMPLIFIED FAULT TREE

A detailed fault tree was originally drawn for failure of the
Reactor Building Spray System Train A. The tree included the injection
and the recirculation phase. Tha 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 recirculation 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-ll5,
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.

(2) 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 !1

|
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) It was assumed that if cooling :s lost to BSP-1A, the
pump will fail immediately. This is a conservative
assumption. The motor and the bea d ng both require cooling.
All 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 or4

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 coolant. If faults occur which prevent

. heat rejection from the DHCCCS, but allow flow to the Nmp'

cooler, the pump may run for some time before it f:ii s. This
is particularly true for the injection phase, when there. is
no heat removal from DHHE-1 A. The thermal inertia of the
DHCCCS may be sufficient to allow continued operation of the-

spray pump.

(4) The spray nozzles cannot become plugged while they are inactive.

(5) The 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.
i They are considered to be a single operator action. " Failure

to throttle the valve correctly" includes:
,

e throttling too much to starve flow,
e throttling too little to cause cavitation,
e 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.

(6) 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

0280 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.

(7) Components, lines, and valves that were considered1

to be insignificant were omitted from the fault tree.

M-5/6
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M.3 SYSTEM QUANTIFICATIO,

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

For large LOCAs (B1, B2) the dominant contributor is that theerrors. *

operator reconfigures for recirculation too soon. for small LOCAs (B3, B4)
an additional operator error of the same order of magnitude can occur:
failure to manually initiate the sprays when 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 throttle 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
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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 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 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.

i

|
t

e

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

SUCCESS REQUIREMENTS

1

INITIATOR TRAINS NOTES

B1, 52, 83, B4 1/2 Trains 1,2,3

:

;

a

i

i

!

4

.

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 injection phase for all LOCA sizes

3 The containment spray system is used both for contain-'

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

.
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Table M.2 Containment Spray Injection - Top Events

B0OLEAN
REPRESENTATION TOP EVENT NOTES

.

CSA Failure of containment spray Train A
to provide containment atmosphere cooling.

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

CSI Failure of both containment spray trains
to provide containment atmosphere cooling.

M-14

- - _ ______ _____ _ _ ____ ____________-____ _ _ ____ _________



CSI 5.1 E-2

-

Single and O
Common Mode

Faul ts
!

I |

CSA* CSB *

-

CSA* CSB*
1.2 E- 2 1. 2 E- 2

Operator
BWST Recon figures

Faul ts for Recirculat-
tion too Soon

L3

1.0 E-5
L017

5.0 E-2

Figure M.4 Modularized Fault Tree for Event "CSI"; B) and B -LOCA2
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CSA* Non-LOSP: 1.2 E-2'

LOSP: 4.5 E-2
-

[\ '

-s

Train A Train A Train A Train A
Hardware Interfacing Maintenance Test

; Faults System Faults Outages Outages

[h SXA SMA STA;

Non-LOS P: 5. 8 E- 3 1. 6 E- 3 1.4 E- 3
*

'' LOSP: 3. 8 E-2

I.

i Faul ts Faul ts
| Not Common tc Common

Other Systems to LPI
.Non-LOSP: 1. 2 E- 2

CSB* LOSP: 4. 5 E- 23* M
3. 3 E-3 2.0 E-4

f\
--

Train B I Train B Train B Train B
Hardware Interfacing Maintenance- Tes t

! Faul ts System Faults Outages Outages

[h SXB SMB STB

Non-LOS P: 5.8 E-3 1.6 E-3 1.4 E-3'' LOSP: 3.8 E-2
|

Faults Faults
i Not Common to Common

Other Systems to LPI

S4* L6

| 3. 3 E- 3 2.0 E-4
i

Fi gure M. 5 Modularized Fault Trees for Events "CSA*" and "CSB*"
(By and B2 LOCAs)

i
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Non-LOSP: 6.1 E 2CSI
LOSP: 6.3 E-2

(see Note 1)

-

Single and O
Commo~n Mode

Faul ts
|

|

CSA CSB

-

CSA CSB

Non-LOSP: 1.2 E-2 Non-LOSP: 1.2 E-2
LOSP: 4.5 E-2 LOSP: 4.5 E-2

BWST Operator Operator Fails
Faults Recon figures to Manually

for Recircula- Initiate
tion too Soon CSI

L3

1.0 E-5
LO1 S01

5.0 E-2 1.0 E-2

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

Figure M. 6 Modularized Fault Tree for Event "CSI"; B and 8 -LOCA
3 4
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! Figure M.7 Modularized Fault Trees for Events "CSA" and "CSB";
I

(B3 and B4 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 = S01 + L017 + L3 + CSA.CSB 1

' B1, B2 - LOCAs

CSIl = CSI2 = L017 + L3 + CSA* CSB* 1

INTERMEDIATE EVENTS

CSA = L4 + S3 + SXA + SMA + STA

CSB = L6 + S4 + SXB + SMB + STB4

SXA = DA + ACA 2

SXB = DB + ACB 2

j CSA* = L4 + S3* + SXA + SMA + STA
I CSB* = L6 + S4* + SXB + SMB + STB
1

)

i

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.
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Table M.3 (2/2) Containment Spray Injection (Cont.)

BOOLEAN EQUATIONS REGROUPED FOR REDUCTION

B3, B4 - LOCAs

CSI3 = CSI4 = S01 + L017 + 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) +

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

+ L6 -(SMA + STA)

81, B2 - LOCAs

CSIl = CSI2 = L017 + L3 + (S3* S4*) + (L4 L6) + (ACA ACB) + ACA-
*(DB + S4* + L6 + SMB + STB) + ACB-(DA + S3* + L4 + SMA + STA) +

+ (DA DB) + DA-(54* + L6 + SMB + STB) + DB-(S3* + L4 + SMA + STA) +

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

,
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^l E
RTE \HR-1)EVENT C0f1PONENT EVENT OR FAULT DESCRIPTICN SENS. NOTESDURAT N(HR) OR

S3* TPAIN A HARDWARE FAULTS f 0T COPMON TO H
OTHER SYSTEPS 3.3 E-3 10 g

P EP BSP-1A FAILS TO START D 1.0 E-3 P, 3- I
PUPP BSP-1A FAILS TO % N 3.0 E-5 0.5 1.5 E-5 10+, 10' 3

*
CI ECK VALVE
BSV-27 FAILS TO OPEN D 1.0 E u 3+, 3- g

N
ITV 3SV-3 FAILS TO OPEN D 1.0 E-3 3+, 3- g
CHECK VALVE ~

BSV-1 FAILS TO OPEN D 1.0 E-4 3+, 3-

M0V BSV-17 FAILS TO REMAIN OPEN (PLUGGED) D 1.0 E-4 3+, 3- g
SPRAY 5
STFAINER NOT REMOVED E =

VALVE DCV-115 LEFT CLOSED AFTER MAINTENANCE ( 02) 1.0 E-2 2.0 E-4 10+, 10- H l

VALVE DCV-27 LEFT CLOSED AFTER MAINTENANCE ( .02) 1.0 E-2 2.0 E-4 10+, IT H I $

VALVE DCV-116 LEFT CLOSED AFTER t'AINTENANCE (.02) 1.0 E-2 2.0 E-4 10+, 10- H 1 p
(.02) 1.') E-3 2.0 E-4 10+, 10- H I @: V1LVE DCV-33 LEFT CLOSED AFTER MAINTENANCE,
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Table M.4 Containment Spray Injection

>

QUAflTIFICATIOil TABLES

~

fl0TES

1 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 CSI tests.

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

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

4 See AC-power fault tree analysis.

5 See DC-power fault tree analysis

6 See low pressure injection fault tree.

7 This fault common to low pressure injection system.

.

8 For this size LOCA, procedures require balancing HPI flow
| which in turn requires defeating the ESFAS-signal. Therefore,

'

j spray initiation is manual if the system is required.

9 Check valve failures BSV-26 and BSV-27 and pumps BSP-1A and
BSP-1B were assumed coupled with a 8-factor of 0.1.

10 This event applies to B -and 8 -LOCAs only.i 2

11 This event applies to B -and B4-LOCAs only.3

,
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Table M.5 RBSI - Quantification Sunmary

- - - ._ . _ _ _ ,
i

!
BOOLEAN POINT t

'

! ESTIMATES

|_ VARIABLE_ . - - . y .-. -..- 4

|j 3. 3 E-3f S3

| 2.0 E-4L4 i

: .

5. 8 E- 3 * 11

DAI ;

| 3.8 E 2** |,

| ;
'

| I
' Sf'A 1.6 E-3

STA 1.4 E-3
,

| S4 3. 3 E- 3

L6 2.0 E-4
DB i 5.8 E-3*

; 3.8 E-2 **

; SMB 1.6 ..-3 i

STB 1. 4 E- 3 |i

i 1

S3 S4 ' 2.6 E-4 ,

i L3 1.0 E-5

L017 6 5.0 E-2

S01 1.0 E-2

S3* 3. 3 E-3
|

| S4* 3. 3 E-3

! S3*-S4* 2.6 E-4
i

j ACA c*
3 .2 E-2 **

!

! ACB c*
3.2 E-2**i

DCA c*,

i 3.2 E-3**

| DCB c*
3.2 E- 3**

{
*0ffsite power available
**0ffsite power not available
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M.3.3 SYSTEM FAULT TREE QUANTIFICATION - RECIRCULATION PHASE

This section presents the quantification of the RBSR* unav3il-
ability for required energency 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 quantification, the simplified fault tree was transformed into
a modularized fault tree.

Tdole 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 thei

Boolean 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-

1 sents a summary of the point estimates for each gate.

1
RBSR: Reactor Building Spr6f System - Recirculation phase
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Table M. 6 Containment Spray Recirculation

SUCCESS REQUIREMENTS

I

INITIATOR TRAINS NOTES

B1, 82, 83, 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 TOP EVENT NOTES
I

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

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

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

CRA Failure of containment spray Train A to provide
containment atmosphere cooling during recirculation.1

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

4
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CSR 4.0 E-3

--

() (h (D

I I I

I I I I I

CSA** CRB CSB** CRA CRA CRB

M . CRA CRA CRB

1.1 E-2 4. 4 E- 3 1.1 E-2 4.4 E-3 4.4 E-3 4. 4 E- 3

Single and
Common Mode

Fail ures

-~

Operator Fails Operator Fails
to Switch to to Throttle
Reci rcul ation Spray Valves

04 S03

3.0 E-3 1.0 E-3

Figure M. 8 Modularized Fault Tree for Event "CSR"
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CRA 4.4 E-3

-~

l i

Train A Train A
Faults That In terfacing
Occur During System Faults
Recirculation That Occur

During
Recirculation

S*XA~s
1.7 E-3

Train A Train A
Faults Not Faults Common
Common To To LPR

Other Systems

S*1 L*3+

1.7 E-3 1.0 E- 3

Figure M. 9 Modularized Fault Tree for Event "CRA"
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CRB 4.4 E-3

m

| I

Train B Faults Train B Inter- ,

That Occur facing System
During That Occur

Reci rculation During
Recirculation

S*XBs
1. 7 E-3

Train B Faults Train B Faults
Not Common to Commor to
Other Systems LPR

S *2 L*36
1.7 E-3 1.0 E-3

Figure M.10 Modularized Fault Tree for Event "CRB"
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.

| CSA** 1.1 E-2

,

-~

;
~~

rrain A | Non-recoverable Train A
Hardware Faults' Train A Maintenance

4

During Interfacing
Injection Faul ts Outages

,

SXA SMA

h O5.8 E-3 1.6 E-3

-,
;

!

| Faults Not Faul ts Train A Operator
| Common to Other Common to Test Does Not
j Systems LPI Outages Recover

S3 L4 STA SO4

3.3 E-f 2.0 E-4 1. 4 E- 3 0.1

>

.

Figure M.11 Modularized Fault Tree for Event "CSA**"

.
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CSB** 1.1 E-2

|

| n

Train B Non-recoverable Train B
Hardware Faults Train B Mai ntenance

Duri ng Interfacing Outages
Iniection ___

Fa ul ts

SXB SMB

5.8 E-3 1. 6 E-3

em

Faults Not Faul ts Train B Operator
Common to Other Common to Test Does Not

Systems LPI Outages Recover

S4 L6 STB SO4

3.3 E 3 2.0 E-4 1.4 E- 3 0.1

Figure M.12 Modularized Fault Tree for Event "CSB**"
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; Table M.8 Containment Spray Recirculation
f

1
'

BOOLEAN EQUATIONS BASED ON MODULARIZED FAULT TREES

<

,
TOP EVENTS NOTES

i

!

CSR LO4 + S03 + CRB CSA** + CRA CSB** + CRA.CRB=

. CSA** = S3 + L4 + SXA + SMA + STA SO4

CSB** = S4 + L6 + SXB + SMB + STB SO4

INTERMEDIATE EVENTS

'

CRA = S*1 + S*XA + L*34
: CRB = S*2 + S*XB + L*36
i
'

S*XA = DA* + ACA* I

S*XB = DB* + ACB* 1
;

i

.

|

.!

I

i
:

l NOTES: 1. Offsite power is assumed to be recovered when entering the
recirculation phase. The unavailability of AC power with,

i offsite power available was calculated to be negligible
~

compared to other system failure modes.,

4

4

4
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F^ E SENS. t.0TESEVENT C0t*PONENT EVENT OR FAULT DESCRIPT!CN RATE HR-1) DURAT ON(HR) R AI I A OR

S*1 TRAIN A FAULTS TilAT OCCUR PUPING
I!ECIRCUL4T!0N 1.7 E-3

PlLP BSP-1A FAILS TO RUN 3.0 E-5 24 7.2 E-4 10+, 10-
VALVE 3SV-3 FAILS TO THROTTLE D 1.0 E 3 3+, 3-
R.B. SUPP BLOCKED ( ji;8

STPAINER PLUGGED C

m
z=1.7 E-3

7
S*XA SYSTEfi INTERFACING FAULTS THAT OCCUR 1.7 E-3 *

,

DURING RECIRCULATION

2OA* CHCCCS TRAIN A FAILS DURING NRECIRCULATION . 1.7 E-3 2, 3 3
ACA* AC POWER TRAIN A FAILS DURING

RECIRCULATION E

DCA* DC POWER TRAIN A FAILS DURING <
G

RECIRCULATION E %
:c L*34 TRAIN A FAULTS COPEN TO LPR 1.0 E-3 I4i =

n
v

=

8
2
2

2
8

9
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FAT UE SENS. NOTES

EVENT CCt FCriENT EVENT OR FAULT DESCRIPTION gg E q-1) DURAT CN(HR) O PR I TY A OR
__ .

S*2 TRAlii B FAULTS THAT OCCUR RRlfiG 1.7 E-3
REClRCULATION

PUl? BSP-1B FAILS TO RUN 3.0 E-5 24 7.2 E-4 10', IT
1.0 E-3 3+, 3'

VALVE BSV-4 FAILS TO THROTTLE D

E m
R.3. SUMP BLOCKED er

yE

STRAINER PLUGGED
r=1.7 E-3 3

.

*
S*XB SYSTD1 INTERFACIf;G FAULTS THAT OCCUR 1.7 E-3

DURING PECIRCULATION m
W

DB' DHCCCS TRAIN B FAILS DURING 1.7 E-3 2, 3 3
RECIRCULATION v

ACB* AC POWER TRAIN A FAILS DURING 8
RECIRCULATION

g

b
DCB* DC POWER TRAIN B FAILS DURING 3C

RECIRCULATION

1.0 E-3 4 g
L*36 TRAIN B FAULTS C0f70N TO LPR n

CD
V =

a
':
2
D
C
8

.
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I E
EVENT COMPO:ENT EVENT OR FAULT DESC91PTICN F AI \ H R' ll DURAT 0 4(HR) R , ! ! AC CR

No Es.

p E

|.

53 TPAIN A FAULTS : 0T C0r?.ON TO OTHEP 3.3 E-3 1
SYSTE!3

L4 TRAIN A FAULTS COPZON TO LO'i PRESSUPE 1
SYSTEM

2.0 E-4

SXA TRAIN A SYSTEM INTERFACING FAULTS
1,6 g

DA DHCCCS TRAIN A FAILS {
S4.3 E-2NON LOSP
?
e

ACA AC POWER TRAIN A FAILS n
C A

NON LOSP

$
DCA oc POWER TPAIN A FAILS m

jC

3 N0f4 LOSP a
i c+

-

1.6 E-3 3+, 3- Il 1 5
SMA TRAIN A FAI!:TENANCE OUTAGEi m

TSIA- +
SO4 TRAIN A IN TEST AND NOT RECOVERED FOR =

PECIRCULATION 1.4 E-4

y1.4 E-3
STA 1 RAIN A IN TEST

0.1 3+, 10- 0 3,
S3f| OPERATOR FAILS TO RECOVER

==1.4 E f! Z
.

"

O
a

s

4

= - ~ - - - - ,..
_ _ _ _ _
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I SENS. N3TES
EVENT CR FAULT DESCo!PTICN PATE R-1) DURAT N(HR) F 31 TY C Og

--:__-__------ __--. .. } ___{COf'PCNENTEVENT

S'i TMIN B cALLIS ";0T CCT'i'G4 TO OTHER
1.3 E-2 1

SYSTE"S
'

L6 TRAlt; B FAULTS C0!70'4 TO LO5' PRESSURE

SYSTE" 2.0 E-4 1

SX3 TPAIN B SYSTE". INTERFACliiS Ft,ULTS 1,6
-4

o-
03 DHCCCS TRAIN B FAILS a

4.3 E-2 to
NON LOSP

2:

Io
ACB AC PCWER TRAIN B FAILS c

QE

DC3 DC POWER TRAIN B FAILS
1.6 E-3 3+, 3- M 1 ! D

ST2 TPA!N A FAINTENANCE OUTAGE
i

-

ST3 m
504 TRAIN B IN TEST AND NOT RECOVERED FOR 1.4 E-4 1 ||

RECIFCULATION 23 1.4 E-3 e

L STB TPAIN B IN TEST
0.1 3+, 10- O d* SO4 OPERATOR FAILS TO RECOVER

*=1.4 E-4 IS
+
-

5
=
$.
2.
n
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.

O
o

-
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Table M.9 Containment Spray Recirculation

QUANTIFICATION TABLES

NOTES

1 For definition see CSI fault tree analysis.

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

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

4 See LPR fault tree analysis.

5 Operator is required to throttle valves BSV-3 and 4
to prevent pump cavitation. This was essessed as 1.0 E-3
rather than the usual value of 1.0 E-2 for operator faults
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.

6 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.
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Table M.10 RBSR - Quantification Summary

. . . - - - --- .-- .- -. -. - .. .

BOOLEAN POINT
VARIABLE ESTIMATES

S3 3.3 E-3

L4 2. 0 E-4

DA 5.8 E-3

SMA 1.6 E-3

STA.SO4 1.4 E-4

| S4 3.3 E-3

| L6 2.0 E-4
| DB 5.8 E 3*
,

SMB 1.6 E 3
i STB 504 1.4 E-4

! S*1 1. 7 E- 3

! DA* 1. 7 E- 3

i L*34 1. 0 E- 3
1

' S*2 1. 7 E- 3

DB * 1.7 E-3
L*36 1. 0 E- 3

SO4 1.0 E-1
LO4 3.0 E-3

,

S03 1.0 E-3

__
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;_ 8EEENDIX N REACTOR BUILDING ISOLATION SYSTEM (RBTS) 1

N.1 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

i atmosphere and the outside environment. However, emergency system piping ,

| pe strating the containment must remain open (e.g., Emergency Core Cooling
i 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
,

3

'

was treated. All smaller penetrations and liquid flow paths were not analyzed
since their contribution to offsite dose consequences would be comparatively
small.

,

;

N.l.1 SYSTEM DESCRIPTION<

The majority of the reactor building isolation system is passive. Most
containment isola, tion 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. Only 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 pneumatic, 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 pemitting 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.

<

N-1
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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 applied to the four
48-inch purge isolation valves:

a. Exterior valves:

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

e Must close fully in 2 seconds,

e When 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. Interior Valves:

Must be capable of closing against a differentiale

pressure of 55 psig.

e Must close fully in 5 seconds.

When closed, the valve must seal bubble-tight undere

the same conditions as above.
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N.l.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 operated (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 high 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, (84), 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.

..
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N.2 SYSTEM SIMPLIFIED FAULT TREE

A detailed fault tree for the RBIS was constructed to model the
failure to isolate the outside environment from containment atmosphere.

The top event was defined as:

Containment Isolation Fails - failure of
one or both of the containment purge

lines to isolate.

The simplified fault tree shown in Figure N.1 was constructed from the
detailed tree. The simplified tree shows only the single passive and
active faults and double active faults. All 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.

MAJOR ASSUMPTIONS

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

(1) Penetrations less than 4 inches in diameter are not
considered since flow rates having a significant effect
on consequences would not be realized.

(2) Liquid flow paths and paths into liquid systems were
not analyzed.

(3) Leak rate test penetrations were not analyzed due to
the double passive failures required for a breach of
containment isolation.

(4) The penetrations which dominate the containment leakage
event are the 48-inch reactor building purge supply and
exhaust lines.

(5) The containment purge supply and exhaust lines are
frequently open during power operation. In this analysis
the isolation valves are considered to be always open.

N-4
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(6) A small LOCA, (B4), does not generate enough pressure
within the containment to generate a trip (4 psig) signal
from the ESAS. Therefore, only a high radiation trip or
a manual actuation signal is available during a small LOCA.

(7) High radiation in the purge exhaust line was assumed to be
present for all LOCA sizes.

~

.
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N.3 SYSTEMQUANTIFICATIdN , ,

N.3.1 SYSTEM RELIABILITY CHARACTERISTICS

For large LOCAs (B1, B2, B3) the failure to i,solate the containment
'

;'

is determined by the failure of ar least one isolation valve to close in the ,
,

purge supply and in the purge exhaust line. ;
, ,

For small LOCAs (B4) the dominant contributor is failure to initiate ,

,

containment isolation by a high radiation sigrial and the operator fails to I

manually isolate the containment. 'Other contritautors are several orders of , ,

-

3.s

magnitude smaller. *
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N.3.2 SYSTEM FAULT TREE QUANTIFICATION

This section presents the quantification of the RBIS failure
to isolate the containment after a LOCA. Two modularized fault trees, using
the simplified fault tree in Figure N.1, were constructed to accommodate
different LOCA sizes. One modularized tree represents large LOCAs (B1,82,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/.

L(, a small LOCA. Therefore, only an operator action will initiate containment
O' 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 modularized

trees are shown in Figures N.2 and N 3. On the trees, the unavailability of

E' each gate is shown. Table N 3 shows the Boolean equations that represent
the fault trees and Table N 4 shows the quantificction of each gate by

4
component and failure mode. The point estimates for each gate are summarized

'

in Table N.5.
I
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Table N.1 Reactor Building Isolation System

SUCCESS REQUIREMENTS

INITIATOR TRAINS NOTES

B1,82,B3,84 1/2, taken twice 1

(at least one of
two valves in each
line must close)

NOTES

1 Both the reactor building purge supply and exhaust lines
must be closed within a specified time.
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Table N,2 Reactor Building Isolation System

TOP EVENT DEFINITI0flS

BOOLEAN

REPRESENTATION TOP EVENT NOTES

CIS Containment Isolation 1

fails >

CIS* Containment Isolation 2
fails

;

k

NOTES

1 CIS applies to large LOCAs (B1,B2,B3)

2 CIS* applies to small LCCAs (B4),

|
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CIS 1.2 E-6

-

| | _

Containment Purge No Containment Containment Purge
Supply Line Remains Isolation Exhaust Line Remains

SinnaOpen After LOCA Open After LOCA
(Ha rdware Faul ts ) (Hardware Faults)

CPI

CPS CPE

Non LOSP: 6.0 E-7 Non LOSP: 6.0 E-7
i

Non LOSP: 6.0 E-7 " *

CPS CPE
LOSP: 1.0 E-5 LOSP: 1.0 E-5

(h (D

l l
MOV AC-1C A0V AHV-1D M0V AHV-1B A0V AHV-1A

Fails Fails Fail s Fails
to Close to Close to Close to Close

C1 C2 C3 C4

Non LOSP: 2.0 E-3 3.0 E-4 Non LOSP: 2.0 E-3 3.0 E-4
LOSP: 3.4 E-2 LOSP: 3.4 E-2

Figure N.2 (1/2) fiodularized Fault Tree for Events "CIS",
" CPS", and "CPE" (B , B , B LOCAs)

1 2 3
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CPI C

(h

No High No ESAS Operator Fails
Radiation Signal to Isolate

Isolation Signal (RBICS) Containment

C5 C01
1.0 E-2 1. 3 E-6 0.1

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

1 2 3
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Non LOSP: 1. 0 E- 3CIS* LOSP: 1.0 E-3

- s

I I

Containment Purge No Containment Containment Purge
Supply Line Remains Isolation Exhaust Line Remains

Open After LOCA signal Open After LOCA
(llardware Faults) (llardware Faults)

CPI

*
~

CPECPS

Non LOSP: 6.0 E-7 Non LOSP: 6.0 E-7
LOSP: 1.0 E-5 LOSP: 1.0 E-5

,

CPI * 1. 0 E- 3

(hi

|

No High Operitor Fails
Radiation to Isolate

Isolation Sional Containment

C6
C01

1.0 E-2 0.1

Figure N.3 (1/1) Modularized Fault Tree for Event "CIS*"
and " CPI *" (B LOCA)4
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Table N.3 Reactor Building Isolation System

BOOLEAN EQUATIONS BASED ON MODULARIZED FAULT TREE

|

TOP EVENT NOTES

B1,82,B3 - LOCAs :

CIS = CPS + CPE + CPI

B4 - LOCAs:

CIS* = CPS + CPE + CPI *

INTERMEDIATE EVENTS

B1,B2,83 - LOCAs:

CPI = C6 C5 C01

B4 - LOCAs:

CPI * = C6 C01

all LOCAs:

CPS = C1 C2

CPE = C3 C4

!
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I SENS. NOTES
FAI\UERg E HR-1) DURAT C4(HR) Ok A Lt AC OR

EVENT C W F0nENT EVENT OR Ft. ULT DESCRIPTION

6.0 E-7*
CPS CONTA'hPINT PUPGE SUPPLY LINE PEMAINS

OPEN AFTER LOCA (HARNARE FAULTS) 10 E-S"

2,0 E-3*
C1 MOTOR OPEPATED VALVE AHV-1C FAILS -T0 3.4 E-2" #

CLOSE cr
Y1.0 E-3 3+, 3-

MOV /J!V-1C FAILS TO CLOSE D
*

CIRCUIT BKR FAILS TO CLOSE D 1.0 E-3 3+, 3- .

*

AC-TRAIN A FAILS (ACA) _

(c
NON LOSP w

v},2 [-2
LOSP

r-2.0 E-3' m

t=3.4 E-2" h
et

I =
G C2 AIR OPERATED VALVE AHV-ID FAILS TO 3.0 E-l! n

CLOSE 3
=

A0V AHV-ID FAILS TO CLOSE D 3.0 E-4

==6.0 E-7* @
- su

==1.0 E-5" g
.

3.
O
r.
8

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

*NON LOSP

"LOS P
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I UR[ SENS. NOTES| EVENT C0f *POf.E riT EvdNT OP FAULT DESC91PTICN RAT gg-1) DURAT O*.( H. ) R I ITY OR7

CPE CONTAlf7ENT PURGE EXHAUST LINE REFAINs 6.0 E-7*
OPEN AFTER LOCA (HARPWAPI FAULTS) 1.0 E-5"

| C3 MOTOR OPERATED VALVE 4:V-1B FAILS TO 2.3 E-3*
'

CLOSE 3.4 E-2** g
cr

'MOV AHV-1B FAILS TO CLOSE D 1.0 E-3 3+, 3- T
CIRCUIT BKR FAILS TO CLOSE D 1.0 E-3 3+, 3- ,z

,

AC-TRAIN A FAILS (ACB) *

bNON LOSP e

bLOSP 3.2 E-2 -

E-2.0 E-3* m
z r=5.ta E-2" $
b 5m C'; AIR OPERATED VALVE AHV-IA FAILS TO =

CLOSE 3.0 E 2: g
m

ACV AHV-1A FAILS TO CLOSE D 3.0 E-4 =

l ==6.0 E-7* o

= =1.0 E-5" E
C
2
9
c.
O
:'3

__ _ . _ . . - - _ . _ _ _ - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ . _ _ _

'NON LOSP
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R,AI \ H R'* l) DURATION (HR) P A. Y OR
F E SENS. NOTESEVENT CCftPot;ENT EVENT OR FAULT DESC91PTICN

E
_

CPI NO CONTalht'ENT ISOLATION SIENAL 1 3 E-9

C5 ESAS (ILB4) N9 FIACTOR BL'ILDING ISOLATION AND
COOLING SYSTEr (FBICS) ISOLATION
SIGNAL (SEE ESAS) 1.3 E- 6

-4
C6 NC HIGH FADIATION SIGNAL 1.3 E-2 @.

RADIATION I
F4NITOP FAILS 1.0 E-4 3, 3-

2
C0HFARATOR OPERATOR MISCALIBRATES D 1.0 E-2 3+, 3- *

a

r=1.0 E-2 g
~
a

CD1 OPERATOR TAILS TO ISOLATE CONTAIN."ENT -

WHEN REOUIRED D 0.1 3, IT 0
*'=1.3 E-9 <
$*

~ "
=

1

?
E
"

2.
9
c.
8
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Table N.5 RBIS - Quantification Summary

4

i. . ... - - - . - . . _ .

BOOLEAN POINT
ESTI!%TESVARIABLE -

I

C1 2.0 E-3*
3.4 E-2**

;

C2 3.0 E-4

C3 2. 0 E- 3*
I 3.4 E-2 **
l
! C4 3.0 E-4
,

! C5 1.3 E-6
|

; C6 i 1.0 E-2

C01 0.1
.

I

!,

l

,

i

I

L__ . _

*0ffsite power available
**0ffsite power not available

i
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APPENDIX P EftERGENCY FEEDWATER SYSTEM (EFS) !

P.1 SYSTEM DESCRIPTION AND GPERATION

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 rather than auxiliary.

Pll 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

'

corrmon 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
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An alternate, non-seismic qualified source of water is available
for EFS 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 gpm. Thus each pump is capable of delivering 720 gpm

against maximum 0TSG 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 another 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.

:
!

P-2
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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
(R4V-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.
l

! 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-
P

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,

i
~

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

i are described below:
;

Steam Line Rupture Matrix: This feature is a redundant
Class IE logic matrix that senses low steam generator

i

; pressure and isolates the generator with low pressure by
! closing main steam isolation valves, main feedwater
j isolation valves and emergency feedwater isolation valves

FWV-35, 36, and 162 for SG-A or FWV-33, 34, and 161 for
SG-B.4

i

,

i

P- 3
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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

All AC- and DC-powered valves fail "as is" on the loss of electric
All such valves shown in Figure P.1 are controllable from the controlpower.

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
i EFV-3 and 7 for SG-B)are 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. An air lock is provided that senses low air
pressure and de-energizes a solenoid valve to lock the existing air pressures

a

across the control valve piston. An air reservoir is provided for each
valve which allows remote-manual opening of the control valve when ncNal

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 reliability 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

1

P-4
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by water provided by the Nuclear Services Closed Cycle Cooling System (NSCCCS),

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 reposi tioning.

*FPC has indicated that both the turbine-driven and electric-driven pumps
will be modi fied. It is noted, however, that only the modification to the
turbine-driven pun p 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

I 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

1

Initiation Logic

A simplified diagram of EFS initiation is shown in Figura P.S.
This diagram is functional in nature and does not represent actual hardware.
The actual logic is contained in relay racks and the individual component

' controll ers. 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 will also cause initiation. The automatic initiation will open

ASV-5 and MSV-55 (MSV-55 and 56 are normally open) to start the turbine-*

j driven pump. The initiation signal also causes the circuit breaker to 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.

|

!

|
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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 36). 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.

P- 7

m



,

,

Instrumentation

The availability 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 Lcss of Offsite All AC

Indication MFW Power Power

CDT-1 level Yes No No

CDT-1 level alarms Yes Yes Yes

EFW flow Yes Yes Yes

Valve positions Yes Yes* Yes*

OTSG level 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 psig (see Figure P.6). The isolation signal will cause closure
of 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.

P-8
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OPERATOR ACTIONS
i

'

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'y 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 pumps 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

SP-349 and SP-350). These checks, made on a staggered schedule for the two

pumps, confirm the pumps cabability to produce the required 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.

P- 9



Maintenance

Maintenance acts which require isolation of one component in the
EFS occur about every quarter. The EFS has 14 active components (A0V'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.

If one emergency 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.

P-10
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P.1.2 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 turbine
pump train and an electric pump train. The pump trains draw water from
either the condensate storage tank (preferred) or from the condenser hot-1

wells and deliver to the steam generators. Either pump can feed either

,

steam generator through interties at the pumps' discharge. Steam required

I to operate the turbine pump is extracted from either steam generator up-
stream of the four main steam isolation stop valves.

i

| Both pump trains are started autamatically following all loss of
1

j MFW events which do not involve offsite power. The pumps may also be

j started manually from the control room. For loss of offsite pager 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
i the primary side of the steam generator receiving the EFS cooling. If this

is not established, the decay heat produced by the reactor will not be-

transmitted to the secondary side of the steam generators.

|
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P.2 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 ASSUMPTIONS

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
node 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 limitations 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).

P-18
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i

l
;

!

! 6. 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
i valves in Unit 3.

.
7. 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.

.,

I

4

)

i
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Figure P.7 (1/3) Simplified Fault Tree - Emergency Feedwater System
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Figure P.7 (2/3) Simplified Fault Tree - Emergency Feedwater System
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Figure P,7 (3/3) Simplified Fault Tree - Emergency Feedwater System
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P.3 SYSTEM QUANTIFICATION

P.3.1 SYSTEM RELIABILITY 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-driven pump in Train B. The turbine-driven pump is self-cooled
so system operation a 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 QDie 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.

P-24
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Table P.1 EFS - System Success Requirements

INITIATOR TRAINS NOTES

l/2 1T2-T2A

T2A 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.'

.

P-25



Table P.2 EFS Top Event Definition

BOOLEAN
REPRESENTATION TOP EVENT NOTES

EFl Failure of EFS to provide at least
1/2 pump flow to at least 1/2 OTSGs ---

given offsite power is available.

EF2 Failure of EFS to provide at least
1/2 pump flow to at least 1/2 OTSGs ---

given offsite power is not available.

|

|

I

P-26
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EA Train B Suction Failureb /\ Maintenance Line to
MA and Test Faul ts Recover

2.2 E-2 Outages

E3 E02
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Figure P.8 Modularized Fault Tree for Event "EF1"
(Offsite Power Available)
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,

|

Figure P.9 flodularized Fault Tree for Event "EF2"
(Offsite Power Not Available)
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1

I Table P.3 Emergency Feedwater System
:

:

BOOLEAN EQUATIONS BASED ON MODULARIZED FAULT TREES,

!,
'

TOP EVENTS
'

I

! EFl = E01 + E4 & EA EB + EA EM2 + EB Efil + E3 E02
!

EF2 = E01 + E4 + EA EB* + EA.EM2 + EB* EM1 + E3 E02

i

INTERMEDIATE EVENTS

1

EA = El + EX1
EB = E2 + EX2;

! EB* = E5 + EX2

EX1 = DCB

EX2 = ACA + DCA

,

!
i

4

!

l

!

|

i

!

.!

!
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SE S. OTES
tvtut C 0' - "S.T EVENT OR FAULT DESCR!!'TICN RA R-1) DURAT CN(HR) A A OR

, .. - - - -. 4 . . . . . .. _ _ _ _ . _ . __ . _ - __ _

f | AUTO ACTUATION LOCKED OUT AND OPEPATORE01
: FAILS TO PEC0VER 1.0 E-4 10+, 10- 0 u

|
E03 OPERATOR LOCKS OUT AUTO ACTUATION D 1.0 E-3 10+, 10- 0

'PEPAIGR FAILS TO RECOVER D 0.1 10+, 10- 0E04 0
==1.0 E-4

E4 COUPLED CHECKVALVE FAULTS (P3V-c3, 44) |1.0 E-4)(0.1: 1.0 E-5 2+, 2- B

LA TUFBIhE TRAIN FAULTS (TRAIN A)

El TRAIN A HARPiARE FAULTS 2.2 E-2 3+, 3- s &
Cr

IDV EFV-4 INADVERTENTLY CLOSED D 3.0 E-6 10+, 10- 1 g
:DV EFV-R PLUGGED D 1.0 E-4 3 ', 3- o

(DV EFV-E INADVERTENTLY CLOSED D 3.0 E-4 10+, 10- 2 h
iDV EFV-C PLUGGED D 1.0 E-4 3+, 3- O
EFV-5 CHECKVALVE FAILS TO OPEN D 1.0 E-4 3+, 3- )
h. *

ACTUATION LOCKED OUT AND
OPERATOR FAILS TO RECOVER D 1.0 E-4 3+, 10- 3, 12

m
y

CTRL. CIRCUIT FAILS TO) TRANSFER (RELAY FAILS TO 1.0 E-4 3,, 3,ENERGIZE D 3

'EFP-2 TURBINE PUMP FAILS TO START D 2.0 E-2 3+, 3- S 4

|EFP-2- TURBINE PUMP FAILS TO RUN FOR 24 HRS 3.0 E-5/an 24 7.2 E-4 10+, 10- 5 m
7 y

w I-2.2 E-2 M
o

-

EX1 SYSTR1 INTERFACE FAULTS (NON LOSP)

| DCB DC ESB DC PONER TRAIN B FAILS g
$C

i NON LOSP

| 2
n

EB MOTOR PUf? TPAIN FAULTS (IPAIN B) of

E2 TRAIN B HARF3AFI FAULTS 3.5 E-3 2.4+,1.5- 0 o
o

i10V EFV-3 INADVERTENTLY CLOSED D 3.0 E-6 10+, 101 0 1

fl0V EFV-3 PLUGGED D 1.0 E-4 3+, 3- |
. ITV EFV-7 INADVERTENTLY CLOSED D 3.0 E-4 10+, 105 0 2
1

| 710V EFV-7 PLUGGED D 1.0 E-4 3+, 3-

i EFV-6 CHECK VALVE FAILS TO OPEN D 1.0 E-4 3+, y

EFP-1 MOTOR PUMP FAILS TO START D 1.0 E-3 3+, 3-
j

EFP-1 MOTOR PUMP FAILS TO RUN FOR 24 HRS 3.0 E-5 24 7.2 E-4 10+, 10'
!

CTRL. CIRCUIT, FAILS TO ACTUATE (RELAY) D 1.0 E-4 3+, 3- !

| EFP-1 BPK. FAILS TO TRANSFER D 1.0 E-3 3+, 3- |

. AUTO. ACT.,

'
AUTO-ACTUATION LOCKED OUT AND |

i

f 6, n !
'

OPERATOR FAILS TO RECOVER D 1.0 E-4 3+, 10- O

r-3.5 E-3
._ _ _ _ _ . _ _ -}_. , ,

m _



--_ .

IEVENT COMPONENT EVENT OR FAULT OESCRIT' TION SENS. NOTESRATE R 1) DURAT CN(HR) R IY R
- - - - . - _ _ ,_ _

|
.

I

I
.

i
'

D
EX2 SYSTE: INTERFACE FAULTS (NON LOSP)

DCA DC ESA DC PC'1En TRAIN A FAILS *
o

NON LOSP C *

b

EACA AC TRAIN A FAILS N
4

NON LOSP C

LOSP 3.2 E-2 m
E!11 TRAIN A MAINTENANCE AND TEST OUTAGES 6.5 E-3 3+, 3- M 7, 8 h

7 MOV EFV-11 OUT FOR MAINTENANCE .1/720 7 9.7 E-4 3+, 3- F. 1]
cv

=
$ MOV EFV-32 OuT FOR MAINTENANCE .1/720 7 9.7 E-4 3+, 3- M 10 *

n
MOV ASV-5 OUT FOR MAINTENANCE .1/72d 7 9.7 E-4 3+, 3- M 10 5
MOV EFV-8 OUT FOR MAINTENANCE .1/720 7 9.7 E-4 3+, 3- M 10 i)
EFP-2 OuT FOR MAINTENANCE .1/720 19 2.6 E-3 3+, 3- M 8

o,

s,c
t=6,5 E-3 .',

.
Eit2 TPAIN B MAINTENANCE AND TEST OUTAGES 5.5 E-3 3+, 3- M 7, 8 O

MOV EFV-14 OUT FOR MAINTENANCE .1/720 7 9.7 E-4 3+, 3- M 10 [-
MOV EFV-33 OUT FOR MAINTENANCE .1/720 7 9.7 E-4 3+, 3- M 10 "

MOV EFV-7 OUT FOR MAINTENANCE .1/72') 7 9.7 E-4 3+, 3-' fi 13
EFP-1 OuT FOR MAINTENANCE .1/720 19 2.5 E-3 3+, 3- M a

r=S.5 E-3

SUCTION LINE FAULTS 1.0 E-5 2+, 2- 0
E3 CLV-103 VALVE PLUGGED o 1.0 E-4 3+, 3 ;
E02 !0PERATOR FAILS TO RECOVER o 0.1 2+, 2 ; O g

i.

"=1.0 E-5
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L 2 E-2 a jtosp

! EMI TRAIN A P'AINTENANCE 'GD TEST GUTAGES 6.5 E-3 3+, 3- il 7, S C l

s
"3V EFV-11 cVT FOR MAINTENANCE .1/723 7 9.7 E-4 3+, 3- fi 13 a

I
: :liOV EFV-32 OUT FOR MAINTENANCE .1/720 7 9.7 E '+ 3+, 3- Il 13 L

'I 3+, 3- M 13 7 Iln0VASV-5 OUT FOR MAINTENANCE .1/720 7 9.7 E-4 e ,

i
MOV EFV-3 OUT FOR MAINTENANCE .1/729 7 9.7 E-4 3*, 3- it 10 g t

,

g ;

" EFP-2 ouT FOR MAINTENAf4CE .1/720 19 2.6 E-3 3+, 3- M 8 i =
4 i m

t=6.5 E-3
|
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i i

EH2 TRAIN B FAINTENA' ICE AND TEST OUTAGES 5.5 E-3 3+, 3- E ; 7, 8 i
o

MOV EFV-14 OUT FOR MAINTENANCE .1/720 7 9.7 E-4 3+, 3- i: I 10 E
l o '

10V EFV-33 OUT FOR MAINTENANCE .1/720 7 9.7 E-4 3+, 3- M j 19 C.

IV EFV-C ouT FOR MAINTENANCE .1/720 7 9.7 E-4 3+, 3- fl ! 10 2 e

i n ;

!EFP-1 ouT FOR MAINTENANCE .1/729 19 2.6 E-3 3 +, 3- fi j 8 %
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Table P.4 Emergency Feedwater System

QUANTIFICATION TABLES

NOTES

1 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.

2 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.

3 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 total
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.

4 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.

>

5 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.

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

7 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.

8 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.

9 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.

10 It was assumed that valve maintenance would require isolation of
the valve being maintained by closing valves on either side of the
maintained valve,

P-34
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Table P.4 Emergency Feedwater System (con't)
<

QUANTIFICATION TABLES

j

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 El and E2 and the fault E01 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.

j
:

;

| References
i

P-1 " Data Summaries of Licensee Event Reports of Pumps at U.S.
Commercial Nuclear Power Plants, January 1,1972 to April 30,

| 1978," prepared by 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

1
i

BOOLEAN P0 INT
VARIABLE ESTIliATES

E01 1.0 E-4

I E03 1. 0 E- 3
I

i E04 0.1

E4 1. 0 E- 5
!

!
i El i 2.2 E-2
I I

i !

; DCB c*
j 3.2 E-3**
i

! I
'

; E2 | 3. 5 E- 3
i

DCA c*
| 3. 2 E- 3**

ACA ! c*
'

3.2 E-2** i
EM1 6.5 E-3
EM2 5. 5 E- 3

E3 1.0 E-4,

!

E02 0.1

ES 3. 6 E- 3

!

*0ffsite power available

**0ffsite power not available

|
|
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