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APPENDICES: SYSTEM DESCRIPTION AND FAULT TREE ANALYSES

INTROCUCTION

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

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

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

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

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

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

special studies and their conclusions are discussed in
Volume .

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

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

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

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

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

Fiqure A.2
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Table A.3 Reactor Protection System

TOP EVENT DEFINITION

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

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

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

3Based on conservative FSAR caiculations.

*

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

*%
LPI pumps start, but the LPI injection valves do not receive an actuation signal.
***A1s0 isolates those RB isolation valves not associated with containment or RCS heat removal.
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Channel 3

The circuits are shown tripped

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

B.3.1 SYSTEM RELIABILITY CHARACTERISTICS

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

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

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

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

The dominant failure mode for ESAS failure to actuate one piece

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

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

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

c.1 SYSTEM DESCRIPTION AND OPERATION

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

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

€.1.1 SYSTEM DESCRIPTION

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

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

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

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

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

c-1
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GENERAL NOTES

(a)

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

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

o Hiah alarm set point
0o Low alarm set point

137VDC
121vDC

W ou

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

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

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

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

Voltage, specific gravity and electrolyte level of each

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

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

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

Plant batteries are of the lead-calcium type.

c-9



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

SPECIFIC NOTES

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

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

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

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

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

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
















Table C.5 DC Power

TOP EVENT DEFINITIONS

NOTES

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

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

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

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

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

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

Loss of AC
Panel
MCC 3A-1

5.6 E-5

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

Insufficient
S

DPDP-1B

1.3 E-6

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

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

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

D.1 SYSTEM DESCRIPTION AND OPERATION

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

D.1.1 SYSTEM DESCRIPTION

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

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

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

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

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

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

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

4160V FAULT TREE

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

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

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

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

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

EVENT NAME

e m—————————

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

EPPOODCW

SIMPLIFIED FAULT TREE - FAULT SUMMARY

EVENT COMPONENT

FAILURE MODE

Loss of Offsite Power

Diesel Generator A

Diesel Generator A

Relay Logic for Automatic Start
Bus 3A Load Shedding Log