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QUALITATIVE SYSTEMS INTERACTION EVALUATION

Qualitatively Defined
Systems Interaction

Identify Subsystems and Components
Develop Detailed Fault Trees
" Refine Qualitative Analysis
|
Screen and Rank Interactions
Develeyp Failure Data
Preliminary Quantitative Analysis
Screen [nteractions

.

Identify Controlling Components
and Dependencies

b
-~

Y
Sensitivity Refine Quantitative Inputs
Studies

Quantitative Analysis

A

Recommendations

Fiaure |




QUANTITATIVE SYSTEMS INTERACTION EVALUATION

Define Safety Goal

Specify Basic
Safety Functions

Identify Operating Modes

Determine Success Paths For Each
.Safety Function & Operating Mode

Identify Principal
Safety Systems

e
Identify Vital
Support Sysiems

| _<

Evaluate Systems I[nteractions

Identify Subsystems &
Major Compecnents

A

4

Screen Systems Interactions

v
Recommand Selected Interactions
For Detailed Analysis

fgurs 2



SYSTEMS ANALYSIS - SUCCESS TREE APPROACH

e For each safety function during a specific plant mode:

e [Determine system success paths
e Identify subsystems & major components
e Define support systems, subsystems, & major components

e Determine systems interactions that are possible through:

e Sequential operation of systems, subsystems,
or components

e Sharing of a subsystem or component by two or
more systems

e Support systems, subsystems, or components
common to two or more systems

e Common links among subsystems or components
in two or more systems

TagLe |



REGULATORY REVIEW OF COMMON LINKING CHARACTERISTICS

Common Links

Physical

Electrical
Mechanical
Hydraulic
Pneumatic

Spatial

Thermal
Fluid
Mechanical
Radiation

Inherent

Common Manufacturer
Similar Technology
Equal Aging or Wear
Shared Components

Human

e Dynamic
e Latent

Review Element

Systems Analysis

Plant Walk-Through

Systems Analysis

Review of Plant Procedures & Technical
Specifications

TABLE 2



SAFETY FUNCTIONS

Safety Function

Reactor Control \//

Reactor Ccolant System Inventory
Control

Reactor Coolant System Pressure
Control

Core Heat Removal

Reactor Coolant System Heat
Removal

Containment Isolation

Containment Temperature and
Pressure Control

Combustible Gas Control

Maintenance of Vital Auxiliaries

Indirect Radiocactivity Release
Control

Puroose

Maintain desired power level and shutdown
reactor when required.

Maintain a suitable coolant medium around
the core,

Maintain the coolant in the proper state.

Transfer heat from the core to the coolant.

Remove heat from the primary system.

Maintain containment integrity to prevent
radiation releases.

Avoid potential damage to containment and
vital equipment.

Remove and/or redistribute hydrogen to
avoid potentially damaging reactions.

Maintain operapility of systems needed to
support safety systems.

Contain miscellaneous stored radicactivity
to protect the pubiic and the environment.

\//Applicable to Browns Ferry 3 Incident

TaBLE 3



PLANT MODES

e Startup

e Power Operation*
e Hot Standby

e Hot Shutdown*

e Cold Shutdown

e Refueling

*Applicable to Browns Ferry 3 Incident.
(Transition from Power Operation to Hot Shutdown)

TagLE 4
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SUCCESS PATH WITH REQUIRED SYSTEMS & MAJOR COMPOMENTS
FOR REACTOR CONTROL DURING TRANSITION FROM POWER OPERATION
TO_HOT SHUTDOWN

Path # Systems Major Components iE
1 Control Rod Scram 183/185 Hydraulic Control Units, each
(High Pressure) requiring:
1/1 Diaphragm-Operated Scram Inlet
Valve
1/1 Diaphragm-Operated Scram Exhaust
Valve

1/1 Ball-Check (Shuttle) Valve

2/2 Three-way Solenoid Scram Pilot
Valves
or
2/2 Pairs of Three-way Solenoid Backup
Scram Pilot Valves (1/2 required
per pair)

2/2 Pairs of Scram Discharge Volumes &
Diaphragm-Operated SDV Vent Valves

1/1 Scram Instrument Volume

1/1 Diaphragm-Operated SIV Drain Valve

2 Standby Liquid Contral 1/1 Tank
1/2 Positive-Displacement Pumps
1/2 Explosive Valves

Reactor Water Cleanup 1/2 Motor-Operated Isolation Valves
(Isolation only)

TasLe S
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LOCATION
SYSTEM MAJOR COMPONENTS MAIN SUPPORTS
BLDG. ELEV. COORD.
Standby Standby Liquid Control| Unit 3 - 639 QP/ngR20 None
Liquid Tank Reactor
Control Positive-Displacement Bldg. AC Power from 480v AC
Pump 1 Shutdown Board 3A
Positive Displacement AC Power from 480 v AC
Pump 2 Shutdown Board 3B
Explosive Valve 1 ol
z
Explosive Valve 2 DC Power from 250v DC m
Battery Boards 2 or 3 o
Reactor DC Motor-Operated
Water Isolation Valve
Cleanup (Outside drywell)
(Isolation
Only)
AC Motor-Operated Inside Drywell AC Power from 480 v AC o
Isolation Valve Reactor MOV Board 3A
(inside drywell)
Control 185 Contral hods & 185 Hydraulic Control Units (HUCs)
Roa Scram | Drives
(High
Pressure)|_
185 HCUs SQ/
(93-East Bank 565 R]5R16(Hest) See individual components
92-West Bank) R R (EastJ
20721
Diaphragm-Operated Three-way Solenoid Scram
Scram Inlet Valve i Pilot Valves A & B
3| Diaphragm-Operated Control Air
2 Scram Exhaust Valve i (open upon loss)
= | Three-way Solenoid RP Trip-Logic Channel A
¥1 Scram Pilot Valve A |
.~ e
=) Three-wa¥ Solenois
“-1 Scram Pilot Valve B RP Trip-Logic Channel B




SYSTEM

MAJOR COMPONENTS

LOCATION

MAIN SUPPORTS

BLDG. ELEV. COORD.
<
Control | |Ball-Check Shuttle Unit 3 Inside Drywell None
Rod s valve i Reactor
Scram U Bldg.
(High Three-way Solenoid RP Close-Logic Channels DC Power from ?50v OC
Pressure) |Backup Scram Pilot AL B Battery Boards 1, 2, or 3

Valve 1-1

Three-way Solenoid
Backup Scram Pilot
Valve 1-2

Three-way Solenoid
Backup Scram Pilot
Valve 2-1

Three-way Solenoid
Backup Scram Pilot
Vavle 2-2

West Bank Scram Dis-
charge Volume (SDV)

East Bank SDV

Scram Instrument
Volume (SIV)

2" Drain Line from West
Bank SDV to SIV (15°
long)

2" Drain Line from East
Bank SDV to SIV
(150" long)

Drain Line from SIV to
RBEDS

1" Vent Line from West
Bank SDV to RBEDS

Ventilation through Reactor Bldg. Equipment Drain
Sump (RBEDS)

vl

None

gyl

("3u02)




LOCATION

SYSTEM MAJOR COMPONENTS MAIN SUPPORTS .
BLDG, ELEV. COORD.
Control Rod|1" Vent Line from East [Unit 3 None
§C(am Bank SDV to RBEDS Reactor
(419h ey [viaphragn-Operated  [P199- Three-way Solenoid SDV/SIV Control Air
West Bank SDV Vent Pilot Valves A L B -lose upon loss)
Valve or
Diaphragm-Operated Three-way Solenoid SDV/SIV
East Bank SDV Vent Isolation Pilot Valve -
Valve &
Diaphragm-Operated -
SIV Drain Valve -
8
Three-way Solenoid RP Trip-Logic Channel A -4
SDV/SIV Pilot Valve A s
Three-way Solenoid RP Trip-Logic Channel B
SDV/SIV Pilot Valve B
Three-way Solenoid Remote Manual Signal from Control Room
SOV/SIV Isolation -
Pilot Valve
Reactor
Protection |Trip-Logic Channel A
Trip-Logic Channel B Fail-safe upon loss of AC power
Close-Logic Channel A
Close-Logic Channel B
Peactor RBEDS Exhaust Unit 3 AC Power from 480v AC Reactor Bldg. Vent Board 3A.
Building Fan 1 Reactor
S?:!ﬂ”?ﬂép RBEDS Exhaust Bldg. AC Power from 480v AC Reactor Bldy. Vent Board 3B
(Ventila- |Fan 2
tion only)
Control Air|Air Compressor A 565 HJ/T]T2 AC Power from 480v AC Shutdown Board 1A
Air Compressor B Turbine AC Power from 480v AC Shutdown Beard 2A
Bldg. AC Power from 480v AC Common Board 1

Air Compressor C




SYSTEM

MAJOR COMPONENTS

LOCATION

BLDG.

ELEV.

MAIN SUPPORTS

g

Control Air

Air Compressor D

Turbine Bldg

565

AC Power

from 480v AC Common Board 2

250v DC

250v DC

Battery

Board 1

Unit 1

Reac. Bl !gq.

250v DC

Battery

Board 2

Unit 2
Reac. Bldg.

250v DC

Battery

Board 3

Unit 3

Reac. Bldg.

250v DC
Charger

Battery
1

250v DC
Charger

Battery
2

¢50v DC
Charger

Battery
3

250v DC
Battery

Spare
Charger

593

DC Power

from 250v DC Battery 1 |

DC Power

from 250v DC Battery 2

or Battery Chargers
1, 2, 3 or Spare

DC Power

from 250v DC Battery 3

7

AC Power
Shutdown

from 480v AC
Board 1A

or Common Board 1

AC Powef

Shutdown

from 480v AC
Board 2A

AC Power
Shutdown

from 480v AC
Board 3A

AC Power
Shutdown

from 480v AC
Board 2B

250v DC

Battery

250v DC

Battery

250v DC

Battery

PN/R; sR3 g

PN/R)oR1y

PN/R) g 5Ryg

[
i

None

AC Reactor
Uldg. Vent
(Unit 3

480v AC

Bldg.

Reactor

Vent Board 3A

480v
Bldg.

AC

Reactor

Vent Board 3B

ON/RygRyg

UT/RwR20

AC Power
Board 2A

from 480v AC Common Board 3 or Unit

only)

iAC Reactor
MOV (Unit 3
Board 3A
only)

480v

AC Reactor MOV
Board 3A

RP/RygR)

AC Power
Shutdown
3B

from 480v AC
Boards 3A or

DC Power from 250v DC
Battery Boards 2 or 3




SYSTEM

MAJOR COMPONENTS

LOCATION

MAIN SUPPORTS

BLDG. ELEV. COORD.

AC Common |480v AC Common Turbine 586 KJ/TGT7 AC Power from 4160/480v AC Common Transformers
(excluding |Board 1 Bldg. 1 1A or 1B
4.16kv 480v AC Common 604 CB/T.T AC Power from 4160/480v AC Common Transformers
AC Common 1o,ord 2 68 2 or 2B
Start Board
2) 480V AC Common 586 HG/T, . T AC Power from 4160/480v AC Common Transformers

Board 3 1112 3A or 3B

4160/480v AC Common 604 CB/T‘ZT13 AC Power from 4.16kV AC Common Board A

Transformer EA

9 378vYl

(*3u00)
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SYSTEM

MAJOR COMPONENTS

LOC—AT 10N

BLDG. ELEV. COORD. MAIN SUPPORTS
AC Common |4160/480v AC Commion Turbine 586 I(J/T(ST7 AC Power from 4.16kV AC Common Board A -
Transformer 1A Bldg.
4160/480v AC Common 604 CB/T7T8
Transformer 2A
4160/480v AC Common 586 HG/T]]TIZ
Transformer 3A
4160/480v AC Common KJ/T6T7 AC Power from 4.16kV AC Common Board B
Transformer 1B
4160/480v AC Common 604 CB/T6T7
Transformer 2B
4160/480v AC Common 586 HG/T”T12
Transformer 3B
4.16kv AC Common 604 CB/T]T2 AC Power from 20.7/4.16kv AC
Board A Unit Station Service Transformer |
4.15kv AC Common CB/TIOTII AC Power from 20.7/4.16kv AC
Board B Unit Station Service Transformer 2
4.16 kV AC Common BA/T‘T2 AC Power from 161/4.16kV AC Common Station
Start Board | Service Transformers A or B —
161/4.16 kv AC Common |Switchyard AC Power from 161 kv AC Athens or Trinity Off-site

Station Service
Transformer A

161/4.16 kv AC Common
Station Service
Transformer B

161 kv AC Athens Off-
Site Power Supply

161 kv AC Trinity Off-
Site Power Supply

Power Supply

AC Off-Site Power Grid

(*3u0d) 9 378Y.




LOCATION

SYSTEM MAJOR COMPONENTS HMAIN SUPPORTS 3
. 81dg flev. | Coord
AC Shutdown|480v AC Shutdown Unit 1 621 TS/R]R] 5 AC Power from 41€0/480v AC DC Power from 250v -
(excluding |Board 1A Reactor 1 Shutdown Transformers 1A or 1E |DC Batteries 1,2, or 3
480v  AC N Bldg L.
322:2073) 480y AC Shutdown Unit 2 TS/R]3R13 5 AC Power from 4160/4%0v )
Board 2A Reactor e AC Shutdown Transformers
s s Bldg 2A
480v AC Shutdown TS/R‘3 SRM AC Power from 4160/480v -,
Board 2B : AC Shutdown Transformers =
28 o m
e N
480v AC Shutdown Unit 3 SRIRZORZO 5 AC Power from 4160/480v } "
Board 3A Reactor d AC Shutdown Transformers S
Bldg 3A 3
480v AC Shutdown SR/R20 SRZI AC Power from 4160/430v et
Board 3B : AC Shutdown Transformers
M. 38 -
4160/480v AC Swutdown SR/RZ0 SRZI AC Power from 4.16 kV AC Shutdown Board A
iransformer 38 }
4160/480v AC Shutdown |Unit 1 SR/R‘R] 5 o
Transformer 1A Reactor -
Bldg ol o -
4160/480v AC Shutdown 639 SR/R‘R2 AC Power from 4.16 kv AC Shutdown Board B
Transformer 1E
4160/480v AC Shutdown |[Unit 2 621 SR/R]3R]3 5
Transformer 2A Reactor :
Bldg
4160/480v AC Shutdown 639 SR/R13R]4 AC Power from 4.16 kV AC Shutdown Board C
Transformer 2E
4160/480v AC Shutdown {Unit 3 621 SR/RZORZO 5
Transformer 3A Reactor y
Bldg
4160/480v AC Shutdown 639 SR/RZORZI AC Power from 4.16 kV AC Shutdown Board D
Transformer 3E
4160/480v AC Shutdown |Unit 2 621 SR/R‘3 SRIJ
Transformer 2B Reactor :

Bldg




LOCATION

SYSTEM MAJOR COMPONENTS Bldg Elev. Coord MAIN SUPPORTS
AC Shutdowr 4.16 kV AC Diesel Room A Not resolved ~ &
(excluding | Generator A =}
v AC 14,16 kv AC Diesel Diesel Room B o
“ Generator B Generator 565 xa
Board 1B) | — - —
4.16 kV AC Diesel Room C g
Generator C o
4.16 kV AC Diesel Room D o
Generator D
4.16 kV AC Shutdown Unit 1 621 SP/R]RZ AC Power from 4.16 kV AC ) DC Power fr
Board A Reactor Diesel Generator A 250v DC Bat-
rp—— Bldg teries 1,2,
4.16 kV AC Shutdown 563 AC Power from 4.6 kV AC or 3
Board B Diesel Generator B or Shutdoun
4.16 kV AC Shutdown Unit 2 621 SP/R]3R‘4 AC Power from 4.16 kV AC fBus 1 or 2
Board C Reactor Diesel Generator C
Bldg
4.16 kV AC Shutdown 593 AC Power from 4.16 kV AC
Board D Diesel Generator D 0
- J ——
4.16 kV AC Shutdown AC Power from 4.16 kV AC Urit Boards 1A, 2B, or 3A
Bus 1
4.16 kV AC Shutdown AC Power from 4.16 kV AC Unit Boards, 1B, 2A, or 3B
Bus 2
AC Unit 480V AC Unit Board Turbine 586 0C/T1 T2 AC Power from 4160/480v AC Unit Transformer 3A or
(including | 3A Bldg Common Transformer EA
only 480v | ——
AC Unit 4160/480v AC Unit AC Power from 4.16 kV AC Unit Board 3A
Board 3A Transformer 3A
from among | ——
all 480V ACl 4.16 kV AC Unit 604 CB/T]T2 AC Power from 20.7/4.16 kV
Unit Boards|;Board 1A AC Unit Station Service
. or 4.16 kV AC
excluding Transformer 1 Cosmon Start
4.16 kV AC | 4.16 kV AC Unit 586 Board 1
Unit Boards| Board 18
1C,2C, &3C




LOCATION

SYSTEM MAJOR COMPONENTS Bldg Elev Coord MAIN SUPPORT

AC Unit 4.16 kV AC Unit 604 CB/TmTn AC Power from 20.7/4.16 kV W

(Including | Board 2A AC Unit Station Service

only 480v Transformer 2

AC Unit 4.16 kV AC Unit 586

Board 3A | Board 28 r g;"am.);es::r?c

from among | ————— —_— — '

all 480V Ad 4.16 kV AC Unit 604 CB/T,¢Ty; | AC Power from 20.7/4.16 kv Board 1

Unit Board%;Board 3A AC Unit Station Service

excluding Transformer 3

4.16 kV AC] 4.16 kV AC Unit 586

Unit Boardd Board 3B J

1C,2C &3C)
20.7/4.16 kV AC Unit Switchyard AC Power from 22 kV AC Main Generator 1 or
Station Service 500/20.7 kV AC Main Transformer 1
Transformer 1
20.7/4.16 kV AC Unit AC Power from 22 kV AC Main Generator 2 or
Station Service 500/20.7 kV AC Main Transformer 2
Transformer 2

~N

20.7/4.16 kV AC Unit AC Power from 22 kV AC Main Generator 3 or
Station Service 500/20.7 kV AC Main Transformer 3
Transformer 3
22 kV AC Main Turbine 621 DB/T, 4T3 5 | Not Resolved =
Generator | Bldg s ﬁ
22 kV AC Main DB/T, T -
Generator 2 8.5°9.5 E;
T — b |
22 kV AC Main DB/T T g
Generator 3 14.5 ]S’# y

500/20.7 kV AC Main
Transformer 1

500/20.7 kW AC Main
Transformer 2

500/20.7 kV AC Main
Transformer 3

500 kV AC Off-Site
Power Supply

Switchyard

AC Power from 500 kV AC Off-Site Power Supply

AC Off-Site Power Grid




22

Key to Success Tree Symbols

Components

XKIOMoOoOOO>

E<A-HOOVORr

Hn BB RN HD

4.16kV AC Board/Bus
480v AC Board

250v DC Battery

RP Logic Channel

250v DC Battery Board
Fan

Multi-kVv AC Generator
250v DC Battery Charger
Multi-kV AC Off-Site
Power Supply

Drain/Vent Pipeline
Manual Signal

Pump

Air Compressor

>4.16kV AC Transformer

<4.16 kV AC Transformer

Valve
Reactor Water

Notation Scheme

Systems

8
c
0
H
M
N
P
Q
S

B +-

Component Type —> F

(F = Fan)

RBEDS (Reactor Bldg.
Equipment Drain Sump)
CRS (Control Rod Scram)
250v DC

AC Shutdown

AC Reactor MOV (Motor-
Operated Valve)

AC Common

RP (Reactor Protection)
Control Air

SLC (Standby Liquid
Control)

AC Unit

= AC Reactcr Bldg. Vent
= RWC (Reactor Water

Cleanup)

System (B = RBEDS)

| «- Identifier (if necessary)

This represents RBEDS Exhaust
Fan #1 (operable).

TABLE 7
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HCU

L
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FIG. 7 (cont)
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FIG., 7 (cont)
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Numbers

1-9
10-19
20-29
30-39
40-49
50-59
60-69
70-79

- 80-89
90-99
100-109
110-119
120-129
130-139
140-149
150-159
160-169
170-179
180-189
190-199
200-209
210-219
220-229
230-299
300-309
310-319
320-329
330-339
340-349
350-359
360-369

NUMBERING SCHEME FOR SUCCESS/FAULT TREES FOR COMPUTER RUMS

Systems

AC Reactor Bldg Vent
AC Reactor MOV
AC Unit

AC Common

AC Shutdown

AC Shutdown

250v OC

Components
480v AC Boards
480v AC Board
430v AC Boards
4160/480v AC Transformers
4.16 kV AC Boards
20.7/4.16 kV AC Transformers
22 kV AC Generators
500/20.7 kV AC Transformers
500 kV AC Off-Site Power
480v AC Boards
4160/480v AC Transformers
4.16 kV AC Boards
4.16 kV AC Start Board
161/4.16 kV AC Transformers
161 kV AC Off-Site Power
480v AC Boards
4160/480v AC Transformers
4.16 kV AC Boards
4,16 kV AC Generators
4.16 kV AC Buses
250v DC Battery Boards
250v DOC Batteries
250v DC Battery Chargers

Other Gates for Electrical Components
HCU Shuttle Valves %4 Charaging Water

CRS

HCU Scram Inlet & Exhaust Valves

HCU Scram Pilot Valves
Backup Scram Pilot Valves
SIV Drain Line & Valve

West Bank SDV Lines & Valve
East Bank SDV Lines & Valve

a0



NUMBERING SCHEME FOR SUCCESS/FAULT TREES FOR COMPUTER RUNS (cont)

Numbers

370-379
380-339
390-399
400-409
410-419
420-429
430-439
440-449
450-459
460-512

Systems

CRS

RP

RBEDS
Control Air
SLC

RWC

Components

SDV/SIV Pilot Valves
Manual Signal
Trip-Logic Channels
Close-Logic Channels
Exhaust Fans

Air Compressors
Pumps

Valves

Isolation Valves

Other Gates for MNon-Electrical Components

" TAB. 8 (cont)
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TABLE 9 — MINIMAL CUT SETS FOR STANDBY LIQUID CONTROL

I-ELemenT 4 -ELeMeENT
None None
2-ELEMENT
S-ELEMENT
Cir 3g7
CJr sgr
et - A e L S LT
181 132 S6ADRE 1L IR ) B 1 T
(33 155 185 134 | 31 132 4t
- ¢ 173 124 171 192 432
I)S “' |Z% 13y b =
133 133 -4 - __1‘1 192 432
i3 15 ’ e 191 132
153 174
13 4% s L35 19y 192
|33 14§35 131 193 1232
R L
: 43 134 19} 32
3-ELEMENT 157 133 133 191 "a;
158 17J‘~_‘ll3 121 17.2
CJyr 3T 157 71 1% . 1% 132
171 1713 13% 121 132
211 M2 211 {53 194 13} 132 4t
135 187 482 154 193 131 131 132
187 173 3132 tas 143 33 101 132
133 L 74 132 153 173 131 131 132
173 173 152 153 131 131 131 132
135 153 197 RA 143 131! 192 <".‘J“
135 157 173 1514 171 131 191 132
133 16% 174 153 171 131 121 132
155 173 1 171 17y 139 191 132
157 T 131 an 14% 131 19} 132
134 15? 153 137 181 191 122 4y
153 157 153 134 187 131 139 132
157 TE {74 158 187 121 191 192
153 171 131 187 173 131 191 132
1514 152 174 {37 J 31 13% 131 132
1?: 18% 174 174 131 171 192 431
19 173 1714 134 (71 131 191 132
1,? 17 1% 15 171 131 194 13¢
134 167 171 173 171 131 191 192
15% 157 171 174 141 13% 191 13¢
137 17 173 13 134 1?1 132 431
171 17y 13 152 18} 134 191 132
154 17 {71 135 184 1343 191 132
155 171 173 173 13} 1313 19} 132
(1 173 174 131 143 134 191 192

Note : Cut set” clements correspond To X" labels dor Componen'fs " F’nquﬂ.s l6~26,
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8.
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PORV OPEN
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MFW PUMP 3B TRIP; TURBINE DRIVEN EFW PUMP STARTED
HPI TERMINATED

TURBINE DRIVEN EFW PUMP STOPPED




d\ﬁé\% / Q\ s \ YU

- | 0wex] 4o @A R e
" s ami . 19044 3| 3 40j padojanag 104 bl
0 3900 Sawi v 2 V4
] 4 WIISAS
2 30) Zom IIIJ_I— |
" Yo DMl = = = = e e e = - - - ‘Iﬂll 1
ol 3800 on i 5 o
6 3800 SN WL = n ‘4
$ w0) nwi > ¢
& -
] 34V 0w ° t
'y 34vS wi 3 a
Buj (0021340 U JINSas Aoy g - ~3 $$3IMS
s v _t: i H WiISAS
4 H
2z .
L] EFL MY dnl ~s J 3
t ¥01 QN I T Ly S S T L
3
N s " '} d Buj (0024340 U) NS Aey =~ == -
.
1 34vs 1 :
-
0 0 n ) P 1y 3 - " 1
LINIWININD
WA 3501038 $3113y ¥ss
wieWy IWMN03 ALY WAOW 3N N IAvw WILSAS N30 WILSAS JUNSS 384 . L 139 WILSAS
Pandas | SIWSH S|-orove 30| 1w 130 W315AS e A 43 witsas | wuwmoaas|  + warwm| wor12310wd | inanseven
-120¥ 1504 | ~120v 1504 AUVl dd [U32 180SS T84 RIZ180SS dad Aviigd | AON39EIWI | -0334 Nive ¥O1v3d




TMLAQ




MAIN FEEDWATER

AC OC  SERVICE COMPONENT HUMAN ERROR ACTUAT ION
COMPONENT  POMER POWER  WATER  ISC  HVAC  COOLING  MAINTENANCE  OPERATIVE  _SYSTEM OTHER

~

Steam Gen A
Steam Gen B
MOV Al
MOV Bl

Throttle X
Valve A

Throttle X
Valve B

Pump A X X X X X X
Pump B X X X X X X



& O

N340 N3d0
NIVW3IY CL STIV4 8 NIVWIY 0L STIvd
JATA ONITLI0HHL vV JATVA 311108HL
| ]
)
r . R
' — | |
i | i ]
| ' |
\ i \ 1
r"-|-ﬂl--|l't 'llll'nl-nqll.lll|'L
' [
. “
=41 ooy
\ [ | )
\ J \ /
N/ N/
'} v
O1VYINII WVILS 01 WOLVEINIO WY3LS 0L
‘.S.I INIIDT4405NT MOT4 INIIDIIA4NSNI
| 1
1
1V3H AYI30

JAOW3Y 01 STIV4
Y31YMa334 TVWEON




&

NORMAL FEEDWATER
FAILS TO REMOVE

DECAY HEAT
INSUFFICIENT FLOW INSUFFICIENT FLOW
TO STEAM GENERATOR TO STEAM GENERATO
A B
U4
/
I
L
F-----L ----- ‘ '----- J-----ﬁ
| ' | |
: ' | :
' - I '
[ ! | !
| ! !
i e J PSR- A
Q
| | 1 1
THROTTLE VALVE A FAILURE OCCURS IN THROTTLING VALVE FAILURE OCCURS IN
FAILS TO REMAIN INSTRUMENTATION B FAILS TO REMAIN INSTRUMENTATION
OPEN AND CONTROL OPEN AND CONTROL

O

AN

O




ATND Ouwr
COXD oUKP 3
CONg DUNP

TURBINE STOP YALYES

SAFETIES w—{ SA

(L))

TO BAIN FEEOWATER

FRON RAIN FELDWATER

RECIRC (ORIFICED TO
LimT 10 20 cPH)

feom
ASY-S

FETIES s
L))

Fey-2%

ni

ESY.SS ESY-126{ MSY-10)  wsv.SE

ATMO OQUNP
F CoND DURP
COND DUWP

10 TuReiNE

ORIVEN Punr

RASONIC FLOY IND,

Efy-1

Fev-40
'"-“7#@ "
frv.187 e
o EFY-15  EFY-14 EFY-32 EFY-IR
112 B}
.
EFv-n1 o (£
gre-13
HOTTWELL (FY-7

EMERGENCY

EFY-§

EFP-1

SAFETIES
)

RECIRC. (ORIFICED TO LiMIY TO
0 M)

TT.
v LW =k o scmin siemset

FEEDWATER SYSTEM SCHEMATIC DIAGRAM



AC DC SERVICE

COMPONENT POWER  POWER

Atmos Dump
Valve 1A

Atmos Dump
valve 2A

Atmos Dump
Valve 1B

Cond. Dump
Valve 2B

Cond. Dump
Valve 1A

Cor Dump
Valve 1B

Steam Gen. A
Steam Gen. B
FWv-34
FWV-35
FWV-33
FWV-36

Ultrasonic
Flow Ind. A

Ultrasonic
Flow Ind. B

_WATER

18C

SYSTEM:

HVAC

EMERGENCY FEEDWATER

HUMAN ERRIR

COMPGNENT
COOLING _

MAINTENANCE

OPERATIVE

ACTUATION
SYSTEM

OTHER




SUSTEM: EMERGENCY FEEDWATER (CONTINUED)

AC 0C  SERVICE COMPONENT HUMAN_ERROR ACTUAT ION
COMPONENT ~ POWER POWER  WATER  ISC  WVAC  COOLING  MAINTENANCE  OPERATIVE  _SYSTEM OTHER

FWV-39 X -
FWV-40 X

FWV-161
FWV-162
EFWV-14
EFWY-32
EFWV-11

> > X x »x X

EFWV-33

EFWV-8 X
EFWV-7 X
EFW PUMP 2 X X ' X
(Turbine

Driven)

EFW PUMP 1 X X X X X
EFWV-5 X

EFWV-4 X

EFWV-3 X

EFWV-2 X

EFWV-1 *



EMERGENCY FEED-
WATER FAILS 1O
REMOVE DECAY
MEAT

-

NSUFFICIENT F

INSUFF IC1ENT FLOW
- STEAM GENERATOR

10 STEAM GENE

ATOR A

1
ERROR AND
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"

L)

ILABLE

(TRAIN

JAN

;

r
AILS T0
DEMAND
|

40 FAILS TO

O

-3
OPEN ON

vy

t

fuy-
RE

INSUFFICIENT FLOW

FRO® SECONDARY
SOURCE

INSUFF ICIENT FLOW
FROM PRIMARY
SouUmCE

: :
L e
B2 52
Ee | ge

VAN

FAILURE OCCOMS !

PREUMATIC S'Sﬂ']

—
FALLURE OCCURS 1N
1w vE CONTROL

<
g
£
. <

FAILURE OCCURS IN
PNEUMATIC/ELEC-




EMERGENCY FEED-
WATER FAILS TO
REMOVE DECAY
WEAT

SIGeL NOT

ERROR AND

AVAILABLL

F

UFF ICIENT FLOW
STEAM GENERATOR

JAN

POWER NOT

1

INSUFFICIENT F

TO STEAM GENER

ATOR A

ILABLE (TRAIN

F..

] F

INSUFF ICTERT FLOW
FROM SECONDARY
. SOURCE

INSUFFICIENT FLOW

10 FuY-35

INSUFFICTENT FLOW
10 FWY-40

FWY-35 FAILS TO
OPEN ON DEMAND
FWY-40 FAILS TO

REMAIN OPEN

INSUFF ICTENT FLOW

|

FAILURE OCCURS |
PMEUMATIC SYST

FAILURE OCCURS IN
VALVE CONTROL

FAILURE OCCURS IN
PNEUMATIC/ELEC-

TRICAL INTERFACE

1

-
FAILURE DCCURS |}

INSTRUMENTAT 10N
AND CONTROL
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£N

|

FAILURE OCCURS
IN INSTRUMENTA-
TION AND CONTROL

r--.- - - -1

»

ﬁ
LEVEL SENSORS |
FAIL :

'

|

STEAM GENERATOR A
LEVEL SENSORS
FAIL

A

|

LEVEL SENSOR A
INDICATES HIGH

LEVEL

[ INSUFFICIENT

POWER FROM NON-
NUCLEAR INSTRU-
MENTATION

1

STEAM GENERATOR B
LEVEL SENSORS

FAIL

1

LEVEL SENSOR B
INDICATES HIGH

LEVEL

INSUFFICIENT

POWER FROM NON-
NUCLEAR INSTRU-
MENTAT ION

X

VAN



[S—

PORVs AND SSR
FAIL TO RECLOSE

A

[ |
PORVs DO NOT SRV IS NOT
RECLOSE RECLOSED
[ |
PORVs FAIL TO PORVs ARE NOT SRV FAILS T0 SRV IS NOT
RECLOSE COMMANDED CLOSED RECLOSE COMMANDED
RECLOSED
r

ACTIVATED

BLOCK VALVES NOT

A

r

BLOCK VALVE FAILS
TO CLOSE

O

|

OPERATOR FAILS
TO COMMAND BLOCK

VALVE



[N—

PORVs AND SSR
FAIL TO RECLOSE

A

| |
PORVs DO NOT SRV IS NOT
RECLOSE RECLOSED

A

|

|

A

PORVs FAIL TO
RECLOSE

PORVs ARE NOT
COMMANDED CLOSED

SRV FAILS TO

RECLOSE

O

()

[®)

[ |
BLOCK VALVES NOT PORVs NOT
ACTIVATED COMMANDED

Cl.OSED

A

JAN

L |
BLOCK VALVE FAILS OPERATOR FAILS
TO CLOSE TO COMMAND BLOCK

VALVE

O

QO

SRY IS NOT
COMMANDED
RECLOSED

<




ONE INDEPENDENT EVENT CUT SET

(T) (A THROTTLE VALVE) (B THROTTLE VALVE) (FWV40) (FWV39) (PORV)

DEPENDENT EVENT CUT SET

(T) (NNIX)




' (/”* SYSTEMS INTERACTION ANALYSIS EXAMPLE

SUBJECT: CRYSTAL RiIver UniT 3

ofF FeBruary 26, 1980.

ScoPE OF ANALYSIS:

ANALYTIC PROCEDURES:
o [DENTIFY SUBSYSTEMS AND COMPONENTS.

EVALUATE FOR SYSTEMS INTERACTIONS.
SCREEN POTENTIAL SYSTEMS INTERACTIONS.
PERFORM DETAILED ANALYSIS OF SELECTED INTERACTIONS.

.

OBJECTIVE: DEMONSTRATE THAT THE PROPOSED METHODOLOGY WILL IDENTIFY
THE SYSTEMS INTERACTIONS CONTRIBUTIONS TO THE LOCA EVENT

APPROACH: IDENTIFY LINKAGES BETWEEN SUBSYSTEMS AND COMPONENTS.
EVALUATE LINKAGES TO DETERMINE VALID SYSTEMS INTERACTIONS.

e RCS Heat RemovaL FuncTion e Steam & Power CONVERSION SYSTEM
e (ONTROL & INSTRUMENTATION e Power OperaTion (Mope 1)

IDENTIFY CONTROLLED COMPONENTS AND CONTROL SIGNAL SOURCES.

Dege of 21é217¢48
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P<600? :
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Stcam
Discharge

f“) P <750

ICS
Control
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Condenser
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Hot Weli
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Level
Steam

Generator

FW Supply
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FW Control

*}* z Pump g
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Pump

Storage
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\

OPERATIONAL SURVEY OF STEAM AND PoweR CONVERSION SYSTEM SHOWS THAT
ICS AND RuPTURZ MATRIX ARE CONTROL SIGNAL SOURCES.

Functions ConTROLLED BY ICS: FuncTioNs CONTROLLED BY RJPTURE MATRIX:
e MAIN FEEDWATER CONTROL VALVE e FEEDWATER SUPPLY VALVE

e MAIN FEEDWATER PUMP e STEAM DISCHARGE VALVE

e TURBINE CONTROL VALVE e MAIN FEEDWATER PUMP

ReELATED ICS INPUT SIGNALS: ReELATVED RupTURE MATRIX INPUT SIGNALS:

e STEAM GENERATOR PRESSURE e STEAM GENERATOR PRESSURE, F <750 psia
e STEAM GENERATOR LEVEL e STEAM GENERATOR PRESSURE, P <600 psia
e MAIN FEEDWATER FLOW

o FEEDWATER TEMPERATURE

e [URBINE INLET TEMPERATURE

e RCS FLOW

e RCS TEMPERATURE

Columbus Laboratories

u £%Battelle




OPERATIONAL SURVEY OF RELATED INSTRUMENTATION SHOWS THE FOLLOWING
ARE POWERED BY THE NNI-X POWER SUPPLY:

e STEAM G-NERATOR PRESSURE, P< 600 psi
STEAM GENERATOR LEVEL
e MAIN FEEDWATER FLOW

SURVEY OF THE NNI-X POWER DISTRIBUTION SHOWS THAT THE FOLLOWING ARE
ALSO DEPENDENT ON THIS BUS:

e STEAM GENERATOR LOW/LOW PRESSURE INSTRUMENT
e PORV CONTROLLER
e (CONTROL ROOM INDICATORS

L4Battelle

Columbus Laboratories




«Z %5 2230 wlB, 254 ESSDd ok
QAT OCEXETE --u-£§ ?—:Egm ;3%8 béSE

CRR 0110 0000 0000 0OO0OO0 OOOO OCGOOO
TGPV 0000 0000 0000 OCOO O0OOO0 OOOOD
PC 0001 0000 0110 0000 0000 0100
MFfWF 0000 1111 0000 0OOUC 0000 0O0O0O
Ciw 0000 0000 0O0OOO0O OOOO0 OOOO OOOO
MFP 0000 0000 1000 0000 0000 00O00O
MFCV 0000 0000 1000 0000 0000 0O0O00O
MFSY 0000 0000 0001 0000 COOO 0OO0O0O
ICS 0000 0000 0OOOO OO 1000 00O0O
FWSv. 0000 0000 0001 0000 0000 0O0O00O
MSOV 0000 0000 0001 0000 0000 CQOOO
RM 0000 0000 0O0OOO0 OO10 0100 0000O
THR 0010 0000 0000 0100 0000 0000
T 0000 0000 1000 0000 OOOOC OOOO
SGP1 0000 0000 OOOO0 0O0OOO 0OO10 00O00O
S 0000 0000 Q000 OOOO OO10 0O0OO
MFFT 0000 0000 0000 0O0OO0O0 OO1C OOOO
SGPz2 0000 0000 0O0O0O0 OOOO0O OCOOO OOOO
NNIX 0000 0000 0000 0OO0OO0 OOOOC OOOQO
SGLL 0000 0000 0OOOO OOOO OO10 OO0OO
EFP 0000 0000 0000 OOOO OOCO1Y OOOQO
AFWF 0000 0000 0000 0000 0000 1011
CST 0000 0000 OOOCO O0OOO OOOO OOOO
MFPT 0001 0000 0000 0000 0000 0O0O00O

Gganeue

umbus Laboratories
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o

FMEA OF NNI-X FAILURE

SioNAL OR COMPONENT

MAIN FEEDWATER FLOW

FEEDWATER TEMPERATURE

STEAM GENERATOR LEVEL

STEAM GENERATOR PRESSURE

TURBYNE INLET TEMPERATURE

RCS FLOW

RCS TEMPERATURE

STEAM GENERATOR LOW/LOW PRESSURE

CONTROL ROOM INDICATORS
PORV CONTROLLER™

ISOLATION OF BOTH BUSES.

EFFecT oF FAILURE

FEEDWATER CONTROL VALVES FAIL TO 50%
OPEN

A. INCREASE REACTOR POWER
B. REDUCE FEEDWATER PUMP SPEED

REDUCE FEEDWATER PUMP SPEED
REDUCE FEEDWATER PUMP SPEED
OPEN TURBINE CONTROL VALVES
REDUCE FEEDWATER PUMP SPEED
INCREASE REACTOR POWER

DISABLE EMERGENCY FEEDWATER PUMP
AUTO-START

FAIL TO MIDSCALE

A. PORV opPens
B. PORV LOCKED OPEN

BASED ON SHORT TO GROUND ON POSITIVE BUS, FOLLOWED BY AUTOMATIC

L2 Baltlelie

Columbus Laboratones

-




COMBINED EFFECTS OF NNI-X FAILURE

KEACTOR POWER INCREASES

MAIN FEEDWATER FLOW DECREASES

RCS OVERPRESSURIZES

PORV OPENS PREMATURELY

PORV FAILS TO CLOSE AT DESIGN PRESSURE
EMERGENCY FEEDWATER AUTO-START DISABLED
STEAM GENERATOR 1SOLATED

MAJORITY OF CONTROL ROOM INDICATORS DISABLED

&#Batelle

Columbus Laboratones

e




