JAERI - M
84-200

PWR 79> b 3alb—FIcLk32RE
P PR IRy D TR AT

1984F11H

R BB IEHE

B ®* &®E F Hh W ® BT
Japan Atomic Energy Research Institute



JAERIM b #— b1k, KB T RAAAEME ATIL T 3 HR#E 2T,
AF ORI, AL BRI R T BT (T 319~ 11 BT e
AT BT, BOLIL SO, LB, I0Es LR AT L R

(319 -1 Srebag B BRF RS B AT H AR P A IR T A ) TGNk B Ui &

BN ET,

JAERI-M reports are issued irregularly.
Inquiries about availability of the reports should be addressed te Information Division

Department of Technical Information, Japan Atomic Energy Research Institute, Tokai-

mura, Naka-gun, Ibaraki-ken 319-11, Japan.

{CJapan Atomic Encrgy Rosearch Instituie, 1984
Wl RAT 07 5 - 77 B TR AR

; Wl

I3 hal AR R T N S D]




JAERI-M 84-200

PWRZZ Vb3 al—#iTkdedE im0 EikET

I A ) T B B T 40 4 A 6
PRl ™ « A E A

(19844 10H 15 Hs=M)

AHEEZERPWRT I VPV IaLb— 4 2B EEREROBERTOERICODVTE LD S
DTH5o

RI2Vv =2 FHNI822MWe3 VN —FTDPWRT 7 v bA2BE L&D T, BEEIFD O
FHOEBLREZ TORCEREREE TREITEN TV 3B,

BV —FICHBSENEERE L vV T r V2 v a VRS- TEYD, AHEETIE, h b
D2NT p 7 YEEHEEHAE TEERERSTRESY, BELSDEBIC OOV TR A
AT3

o7y 0 v a v BERECESHKORRE R TARPRKRESZDEL 24 5 60 L4515
FROMEICET LD TH D, TR RIERNDO=LNT 7 v 7 v vAERSEHESMBELNTE
D, ZOTEDLSEROLT ¥ 7 v a YT LB BELEEB—DwLT7 v V0 v a YOESEA
WTHRH L, w7 VI vy YORBEAERET AL EMNTEZ L Edhd o1,

*  HARF MR EER



JAFRI-M 84- 200
Transient Analysis of Multifailure Conditions by using PWR Plant Simulator
Hidetoshi MORISAKI* and Masao YOKOBAYASHI

Department of Nuclear Safety Evaluation
Tokai Research Establishment, JAERI

(Recieved Octorber 15, 1984)

This report describes results of the analysis of abnormal transients
caused by multifailures using a PWR plaﬁt simulator.

The simulator is based on an existing 822MWe power plant with 3 loops,
and designed to cover wide range of plant operation from cold shutdown to
full power at the end of life. Various malfunctions to simulate abnormal
conditions caused by equipment failures are provided. In this report,
features of abnormal transients caused by concurrence of malfunctions are
discussed. The abnormal conditions studied are leak of primary coolant,
loss of charging and feedwater flows, and control systems failure. From the
results, it was observed that transient responses caused by some of the
malfunctions are almost same as the addition of behaviors caused by each
single malfunction. Therefore, it can be said that kinds of malfunctions
which are concurrent may be estimated from transient characteristics of

each single malfunction.

Keywords: Simulator, PWR Plant, Multifailures, Malfunction

Abnotmal Transient, Dynamic Characteristic
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Table 2.1

TIME
[MIN:SEC]

0C:00

" 01:09

04:33

15:00

20:35

21:43

JAERI-M 84-200

Major events and annunciators caused by the malfunctions
tube rupture" and "loss of charging flow".

of "8G (B)
EVENT
SG (B) Tube Rupture

Loss of Charging Flow

Proportional Pressurizer

Heater 100% On

{PRZR Press 2210 PSIA)

Let Down Isolatién
(PRZR Level 14,4%)

Proportional and
Backup Pressurizer
Heaters Off

Main Feedwater Control

Valve Full Close

Safety Injection Signal

On

(PRZR Press 1715 PSIA)

Main Feedwater Pumps
Stop

Auxiliary Feedwater
Pumps Start

TIME
[MIN:SEC]

00:00

00:09

00:50

01:47

12:;35

12:52
13:18

20:35

ANNUNCIATORS

Radiation Monitor
Alarm

4KV Breaker Auto
Trip

Charging Flow Low

Let Down Line High
Temp

Pressurizer Level
Low

Pressurizer
Pressure Low

Reactor Trip
Turbine Trip
Turbine Run Back
Rod Bottom

Steam Dump Armed

Auto Stop 0il to
Drain

Steam Line Flow
High

Tavg/Tref Deviation
S5G Level Error

Exciter Field
Breaker Trip

Generator Trip

Safety Injection
Initiation

Feedwater Isolation
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83 (B) Tube Rupture
Loss of Charging Flow
00:00

h

Pressurizer Pressure
Decrease

v ‘ \

Let Down Isolation Reactor Scram

Pressurizer All Turbine Trip 7
Heaters Off 12:35 (PRZR Press 1875 PSIA)
04:33
(PRZR Level N
14.4%) Tavg Decrease

Pressgurizer Pressure
Decrease

Safety Injection
Initiation

Main Feed Water Fumps
Stop :

Auxiliary Feed Water
Pumps Start

Fnd of Transient

Fig.2.1 Sequence diagram of major events caused by the
malfunctions of "SG (B) tube rupture" and "loss
of charging flow".
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Table 2.2

TIME
[MIN:SEC]

00:00

06:08

21:10
21:53
23:31

47:40

JAERI-M 84-200

Major events and annunciators caused by the malfunctions

of "small RCS leak" and "loss of charging flow”

EVENT

Small RCS Leak
Loss of Charging Flow

Let Down Isolation
(PRZR Level 14.4%)

Propertional & Backup
Pressurizer Heaters QOff

Reactor Scram
Generator Trip

Main Feedwater Control
Valves Full Close

Auxiliary Feedwater
Pumps Start

TIME
[MIN:SEC]

00:00

00:08

01:08

03:33

21:10

21:53

25:13
47:27

ANNUNCTATORS

4KV Breaker
Trip

Auto

Chaging Flow Low

Let Down Line
High Temp

Pressurizer Level
Low

Pressurizer
Pressure Low

Reactor Trip
Turbine Trip
Turbkine Run Back
Rod Bottom
Steam Dump Armed

Auto Stop 0il to
Drain

High Steam Line
Flow

Tavg/Tref Deviation

Exciter Field
Breaker Trip

Generator Trip
S5G Level Error
SG (B} Level Alarm

5G (¢) Level Alarm
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Small RCS Leak

Loss of Charging
Flow

00:00

N

Pressurizer
Pressure & Level
Decrease

Containment
Sump Tank Level
Increase

00:00

"4

Let Down Isolaticn

Pressurizer All
Heaters Off

Reactor Scram

Turbine Trip

06:08

21:10 -

00:00

Generator Trip

21:53

rnd of Transient

Steam Dump
Valve Contrel

5G Level Control

W

Feedwater
Control Valves
Close

23:31

Auxiliary
Feedwater Pumps
Start

47:40

Fig.2.3 Sequence diagram of major events cased by the
malfunctions of "small RCS leak" and "loss of
charging flow".
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280
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[ [—
§eo
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[°F}
20
&x /08
8G (B) Steam h\
Flow Rate
[LBM/HR]
0 : S VN SO SO S VNN S Y S N S W W
j12 08

SG (B) Press
[P5IaA]

[4

Joo
5G (B) Narrow
Range Level
[2]

0
¢xigb

SG (C) Steam
Flow Rate
[LBM/ER]
¢ ' N N
JZo0

SG (C) Press
[PSIA]

[4
o0

5G (¢) Narrow
Range Level
%]

| . I 1 ] L. ] i

0 10 20 38 40 50 60
TIME [MINR)

Fig.2.4 Transient behaviors caused by the malfunctions
of "small RCS leak" and "loss of charging flow".
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2400

Pressurizer
press [PSIA]

J&ae
/80
Pressurizer
Level [%]
_—9\
700

Hot Leg (B)

Loop Temp 1°F]
Joe
200

Cold Leg (E)
Loop Temp [°F]

foe
70¢

Hot Leg (C) \

Locp Temp [°F)
Jee

700

cold Leg {(C)
Locp Temp [°Fl

foe
X 16

Feed water Flow T\\
Rate to SG (B) \

(LBM/HR]

0 ;
o /ot

.Feéd Water Flow [\l\
Rate tc SG (C}
[LBM/HR] !

¢ 10 20 30 40 50
TIME (MIN)

Fig.2.4 Continued
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Total Vapor Fress .
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/o
1

Contajrnment Sump
Tank Level (%]

exio?

RC (B} Loop Flow
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2x/87
&xfo?

RC (C) LOCP FLOW
{LBM/HR]

zx/0"
feo r
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Steam Press at Main
Steam Header {PSIA]
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0 10 20 30 40 50 60

TIME(MIN]}

Fig.2.4 Continued
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4x 107

Surge Line Flow
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4z fot
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J
Volume Control
Tank Level [FEET]

)

/o8

Charging Flow Control
valve Position [%]

0
& xjo¥

Charging Flow Rate
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2x/0"
Aux. Feed Water
Flow Rate to
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&

2x S5
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Table 2.3

TIME
[MIN:SEC]

00:00

00:02

00:45
01:24

03:30

09:24

JAERI-M 84-200

Major

charging flow".

EVENT

Ejected Rod D-12
Control Bank C

Loss of Charging Flow
Reactor Scram
Tubine Trip

Steam Dump Valve .
Position 100%

Generator Trip

Steam Dump Valve
quition 50%

Steam Dump Valve
Position 0%

Let Down Isolation

Backup and Proportional
Pressurizer Heaters Off

—16—

TIME

[MIN:SEC]

00:00

00:02

00:09
00:45

01:30

11:42

12:04

events and annunciators caused by the malfunctions
of "ejected rod D-12 control bank C" and

"loss of charging

ANNUNCIATORS

4KV Breaker Auto
Trip

Charging Flow Low
Reactor Scram
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[End of Transient

Fig.2.5 Segquence diagram of major events caused by the
malfunctions of "ejected rod D-12 control bank C"
and "loss of charging flow".
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Fig.2.6 Transients behaviors caused by the malfunctions
of "ejected rod D-12 control bank C" and "loss
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Table 2.4 Major events and annunciators caused by the malfunctions

of "total loss of feedwater", "both pressurizer spray
valves fall close" and "pressurizer relief valve sticks
cpen™.
TIME EVENT TIME ANNUNCIATORS
[MIN:SEC] [MIN:SEC]
00:00 Feedwater Pump Trip 00:00 Reactor Scram
Both Pressurizer Spray Turbine Runback

Valves Fail Close rod Bottom

Reactor Scram Turbine Trip

Turbine Trip

00:20 Auxiliary SG Feedwater
Pumps Start

00:47 SG Level 0%

Steam Dump Armed

Autc Stop 0il to
Drain T

High Steam Line Flow

Tavg/Tref Deviation
00:13 SG Level Error
Pressurizer Relief 00:24 SG (B) Level Alarm
Valve Sticks Open SG (C) Level Alarm

00:43 Exciter Field
Breaker Trip

08:32 Pressurizer Relief
Valve Open

Generator Trip
01L:56 Pressurizer Level
High
04:34 Tavg Low

05:27 Pressurizer
Pressure High

12:06 Pressurizer Relief
Line High Temp

15:46 Pressurizer
Pressure Low

26:30 Pressurizer Level
Low
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Feedwater pumps Trip

Pressurizer Spray
Valves Fail Close

00:00
A
Reactor Scram
Turbine Trip
00:00
Steam Dump Tavyg Decreasgj
Valve Control 00:00
00:00
, |
Pressurizer Pressure SG Level
Increase Control
00:00 - 100:00
\
Pressurizer Auxiliary
Relief Vvalve Feedwater
Open Pumps Start.
08:32 : 00:20
\
Pressurizer . réG Level O%J
Relief Valve 00:47
Sticks Open :
08:32

End of Transient

Fig.2.7 Segquence diagram of major events caused by the
malfunctions of "total loss of feedwater", "both
pressurizer spray valves fail close" and "pres-
surizer relief valve sticks open".
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Table 2.5

TIME
[MIN:SEC]

00:00

00:20

00:47

01:30

08:30

JAERI-M 84-200

Major events and annunciators caused by the malfunctions

of "total loss uf feedwater",

"loss of auxiliary feed-

water", "both pressurizer spray valves fail close" and
"pressurizer relief valve sticks open”.

EVENT

Feedwater Pump Trip

Both Pressurizer Spray
Valves Fail Close

Reactor Scram

Turbine Trip

Auxiliary SG Feedwater
Pump Starts

SG Level 0%

Auxiliary SG Feedwater
Control vaves Fail
Close

Pressurizer Relief
Valve Open

Pressurizer Relief
Valve Sticks Open

TIME
[MIN:SEC]

00:00

00:13
00:24

00:43

01:58

04:35
05:30

12:03

15:41

26:30

ANNUNCIATORS

Reactor Scram
Turbine Runback
Rod Bottom
Turbine Trip
Steam Dump Armed

Auto Stop 0il to
Drain

High Steam Line
Flow

Tavg/Tref Deviation
SG Level Error

SG (B) Level Alarm
585G (C)

Exciter Field
Breaker Trip

Level Alarm

Generator Trip

Pressurizer Level
High

Tavg Low

Pressurizer
Fressure High

Pressurizer Relief
Line High Temp

Pressurizer
Pressure Low

Pressurizer Level
Low '
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Feedwater pumps
Trip

Pressurizer Spray
Valves Fail Close

00:00

Reactor Scram

Turbine Trip

!

Steam Dump
Valve Control

00:00

'

Pressufizer
Relief Valve
Open

08:30

Pressurizer
Relief valve
Sticks Open

08:30

00:00
¥
Tavg Decrease
00:00
_V
Pressurizer SG Level
Pressure - Control
Increase 00:00
00:00
Auxiliary
Feedwater
Pumps Start
00:20

End of Transient

L

SG Level 0%

00:47

L

Auxiliary
Feedwater
Suction Valves
Fail Close

01:30

Fig.2.9 Sequence diagram of major events caused by the
malfunctions of "total loss of feedwater™, "loss

of auxiliary feedwater",

"both pressurizer spray

valves fail close" and "pressurizer relief valve
sticks open".
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Fig.2.10 Transient behaviors caused by the malfunctions
of "total loss of feedwater”, "loss of auxiliary
feedwater", "both pressurizer spray valves fail
close" and "pressurizer relief valve sticks open".
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Table 2.6

TIME
[MIN:SEC]

00:00

00:20

00:47

03:00

11:01

13:08

18:12

JAERI-M 84-200

Major events and annunciat
of "total loss of feedwater
valve sticks fully cpen”.

EVENT

Feedwater Pump Trip

Pressurizer Relief
valve Sticks Fully
Open

Reactor Scram
Turbine Trip

puxiliary SG Feedwater
Pump Starts

56 Level 0%

Accumulator Injection
Initiation (in 8 sec)

TL,et Down Isolation

Backup & Propotional
Pressurizer Heaters Off

safety Injection
Initiation

Pressurizer Relief
Tank Level 100%

Rupture Disk Break

TIME
[MIN:SEC]

00:00

00:08

00:13

00:25

00:43

01:48

03:21

04:35

ors caused by the malfunctions
" and "pressurizer relief

ANNUNCIATORS

Reactor Scram
Turbine Runback
Rod Bottom
Turbine Trip
Steam Dump Armed

Auto Stop 0il to
Drain

Pressurizer
Pressure Low

SG Level Error

Pressurizer Relief
Line High Temp

sG (B) Level Alarm
56 (C)

Exciter Field
Breaker Trip

Level Alarm

Generator Trip

Pressurizer Level
High

Pressurizer Relief
Tank Trouble

Tavg Low
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|
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00:00
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00:00

Pressurizer

Pressure
18:12 Decrease
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03:00
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Steam Dump
Valve Control
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Control

00:00
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Feedwater Pumps
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00:20

5G Level 0%

00:47

Fig.2.1l1 Sequence diagram of major events caused by the
malfunctions of "total loss of feedwater” and
"pressurizer relief valve sticks open"”.
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Fig.2.1l2 Transient behaviors caused by the malfunctions
of "total loss of feedwater" and "pressurizer

relief valve sticks fully open”.
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Table 2.7

TIME
[MIN:SEC]

00:00

00:20

00:47

01:28
03:00

11:01

13:02

18:03

JAERI-M 84-200

Major events and annunciators caused by the malfunctions
of "total loss o feedwater", "loss of auxiliary feed-
water" and "pressurizer relief valve sticks fully open".

EVENT TIME ANNUNCIATORS
[MIN:SEC]
Feedwater Pump Trip 00:00 Reac¢tor Scram
Pregsurizer Relief Turbine Runback

Valve Sticks Fully Open Rod Bottom

Reactor Scram Turbine Trip

Turbine Trip Steam Dump Armed
Auxiliary SG Feedwater Ruto Stop 0Qil to
Pump Starts Drain

SG Level 0% High Steam Line

Flow
Auxiliary Feedwater © - ravg/Tref Deviation
valve Fail Close
00:08 Pregssurizer Pressure
Accumulator Injection Low
Initiation (In 8 sec)
00:13 5G Level Error

ati . .
Let Down Isolation Pressurizer Relief

Rackup and Proportional Line High Temp
Pressurizer Heaters Off

_ 00:25 5G{(B} Level Alarm
SI Initiation SG(C) Level Alarm
Pressurizer Relief Tank
Level 100%

Rupture Disk Break

00:43 Exciter Field Breaker
Trip

Generator Trip
01:48 Pressurizer Level High

03:21 Pressurizer Relief
Tank Trouble

04:38 Tavg Low
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Transient behaviors caused by the malfunctions
of "total loss of feedwater", "loss of auxiliary
feedwater" and "pressurizer relief valve sticks
fully open".
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Table 2.8 Major events and annunciators caused by the malfunction
of "turbine trip without steam dump flow".

TIME EVENT TIME ANNUNCIATORS
[MIN:SEC) _ [MIN:SEC]

00:00 Failure of 20ET Solenoid 00:01 Turbine Trip

00:01 Turbine Trip Steam Dump Armed
Steam Dump Valve Auto Stop 0il to
Fail Close Drain

00:02 Reactor Scram

00:18 Auxiliary Feedwater Turbine Runback

Pumps Start
(G Level 13% 2/3) Rod Bottom

High Steam Line
Flow

01:40 Steam Dump Valve{to Tavg/Tref Deviation

Atomos.}Open
(SG Pressure 1060 00:09 SG Level Error

PSIA 1/3) 00:18 SG (B) Level Alarm
§G (C) Level Alarm

00:43 Exciter Field
Breaker Trip

05:20 Feedwater Control
Valves Fully Close
Generator Trip
01:56 SG Level Error

02:34 Pregsurizer Level
High

05:11 SG Level Error
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Fig.2.1l4 Transient behaviors caused by the malfunctions
of "turbine trip without steam dump flow".
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Table 2.9

TIME
[MIN:SEC]

00:00
C0:01

00:18

01:40

03:20

JAERI-M 84-200

Major events and annunciators caused by the malfunctions
of "turbine trip without steam dump flow" and "atmos-
pheric steam dump valve fails close”.

EVENT TIME ANNUNCIATORS
[MIN:SEC]

Failure of 20ET Solencid 00:01 Turbine Trip

Turbine Trip Steam Dump Armed
Steam Dump Valve (to Auto Stop 0il to
Condenser) Fail Close Drain

Auxiliary Feedwater 00:02 Reacter Scram

Pumps Start .
{SG Level 13% 2/3)

Steam Dump Valve (to

Turbine Runback
Rod Bottom

Atomos.) Fail Close High Steam Line
(SG Pressure 1060 Flow
PSIAa 1/3) '

Tavg/Tref Deviation
00:09 SG Level Error
00:18 SG (B) Level Alarm

SG (C) Level Alarm

00:43 Exciter Field
Breaker Trip

Feedwater Control
Valves Fully Close

Generator Trip
02:13 5G Level Error

03:10 Pressurizer Level
High
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Fig.2.15 Transient behaviors caused by the malfunctions
of "turbine trip without steam dump flow"
and "atmospheric steam dump valve fails close"
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Table 2,10

TIME
[MIN:SEC]

00:00

00:39

0L:21
01:24
01:57

02:30
03:12

04:00

JAERI-M 84-200

Major events and annunciators caused by the malfunctions
of "SG (C) level control fails high" and "pressurizer
pressure contreol fails high™.

EVENT

SG (C) Level Control
Fails High

SG (C) Level Decrease Due
to Decrease Feedwater
Flow to S5G (C)

Pressurizer Pressure
Control Fails in High
Direction

Pressurizer Relief Valve
Open (in 52 sec)

Reactor Scram
Turbine Trip

Steam Dump Valve Position
100%

Generator Trip
SG {C) Level 0%

Steam Dump Valve Position
50%

Feedwater Control Valve
for SG (C) Closes

Other Feedwater Control
Valves Close (Tavg 554°F)

Steam Dump Valve Position
0%

TIME

[MIN:SEC]

00:00

00:01
00:24

00:39

00:54
0l:18

01:21

ANNUNCIATORS

Pressurizer
Pressure High

SG Level Error

Pressurizer Relief
Line High Temp

Reactor Scram
Turbine Runback
Rod Bottom
Turbine Trip
Steam Dump Armed

Auto Stop 0il to
Drain

High Steam Line
Flow

Tavg/Tref Deviation
SG (C) Level Alarm

Pressurizer Level
High

Exciter Field
Breaker Trip

Generator Trip
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Fig.2.16 Seguence diagram of major events caused by the
malfunctions of "SG (C) level control fails high"
and "pressurizer pressure control fails high".
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Table 2.11 Major events and annunciators caused

TIME
[MIN:SEC]

00:00

01:39

02:22

15:45

23:28
27:39

JAERI-M 84-200

by the malfunctions

of "SG(C) level control fails high" and "pressurizer

pressure control fails low".

EVENT TIME
[MIN:SEC]

SG {C) Level Control 00:00

Fails High

5G (C) Level Decrease 00:01

Due to Decrease 01:39

Feedwater Flow to SG (C) :

Pressurizer Pressure

Contrel Fails in Low

Direction

Proportional Pressurizer

Heater Output 100%

Reactor Scram

Turbine Trip

Steam Dump Valve

Position 100%

Generator Trip

Pressurizer Safety .

Valve Open 02:22

{(PRZR Press 2485 PSIA)

Let Down Isclation

s 02:44

Auxiliary Feedwater

Pumps Start
03:39
10:20
13:12
l6:14
21:27

ANNUNCIATOS

Pressurizer
Pressure Low

SG Level Error
Reactor Scram
Turbine Runback
Rod Bottom
Tubine Trip
Steam Dump Armed

Ruto Stop 01l to
Drain

High Steam Line
Flow

Tavg/Tref Deviation
SG (C) Level Alarm

Exciter Field
Breaker Trip

Generator Trip

Pressurizer Level’
Low

High Steam Line
Flow

Charging Flow Low
Let Down High Temp

Pressurizer Relief
Line High Temp

Pressurizer Level
Low :
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SG (C) Level
Control Fails
High

Pressurizer
Pressure Control
Fails Low

00:00

Y

Feedwater Control
Valves for SG (C)
Operated to Close

00:00

Feedwater
Contrel valves
for 8G (C)
Fully Close

02:58

Pressurizer
Proportional
Heater

Cutput 100%

00:00

Feedwater Flow
for S8G (C)
Decrease

Pressurizer
Pressure
Increase

h
SG (C) Level
Rapidly Decrease

¥

Pressurizer
Safety Valve
Open

Reactor Scram

Turbine Trip

01:39

15:45

v

Tavg Decrease

-

Generator Trip

Feedwater Control
Valves for SG (a),

(B} Fully Close
) 04:00

02:22

Steam Dump
Valve
Control

End of Transient

Fig.2.18 Sequence diagram of major events caused by the

malfunctions of "8G (C)

level control fials high"

and "pressurizer pressure control fails low".
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Transient behaviors caused by the malfunctions
of "SG (C) level control fails high" and "pres-
surizer pressure control fails low".
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Table 2.12

TIME

[MIN:SEC]

00:00

02:01

02:43
26:25

JAERI-M 84-200

Major events and annunciators caused by the malfunctions

aof "sSGI(C)
A fails high".

EVENT

SG (C) Level Control
Fails High

SG (C) Level Decrease
Due to Decrease
Feedwater Flow to SG (C)

Resister Temperature
Detector Failure High
in Cold Leg of Loop A

Initiation of Insertion
of Control Rods

Reactor Scram
{SG (C) Level 13%}

Turbine Trip

Steam Dump Valve Position
100%

Generator Trip

Auxiliary Feedwater
Pumps Start

TIME

[MIN:SEC]

00:00
00:01
02:01

02:43

03:06

03:55
26:25

level contrel fails low" and "RTD in cold leg

ANNUNCIATORS

Tavg/Tref Deviation
SG Level Error
Reactor Scram
Turbine Runback

Rod Bottom

Turbine Trip

Steam Dump Armed

Auto Stop 0il to
Drain

High Steam Line
Flow

SG (C) Level Alarm

Exciter Field
Breaker Trip

Generator Trip

Pregsurizer Level
Low

Tavg High
SG (B} Level Low
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Fig.2.20 Transient behaviors caused by the malfunctions
of "SG (C) level control fails low" and "RTD

in cold leg A fails high".
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Table 2.13 Major events and annunciators caused by

TIME

[MIN:SEC]

00:00

00:39

0l:22
02:50
03:00

JAERI-M

84-200

the malfunctions

of "SG(C)} level control fails low" and "pressurizer
pressure control fails high".

EVENT

Pressurizer Pressure
Control Fails in High
Direction

Pressurizer Relief valve
Open{in 52 sec)

sG (C) Level Control
Fails Low

5G (C) Level Increase
Due to Increase
Feedwater Flow to SG (C)

Reactor Scram
Turbine Trip

Steam Dump Valve Posirion
100%

Generator'Trip
sG (C) Level 100%

Feedwater Control
Valves Close
{Tavg 554°F)}

TIME

[MIN:SEC]

00:00

00:01
00:25

01:13

01:22

01:43
07:23

ANNUNCIATORS

Pressurizer
Pressure High

SG Level Error
Reactor Scram
Turbine Runback
Rod Bottom
Turbine Trip
Steam Dump Armed

Auto Stop 0il to
Drain

High Steam Line
Flow

Tavg/Tref Deviaton

Pressurizer Level
High

Exciter Field
Breaker Trip

Generator Trip
SG (C) Level High

SG (C) Level High
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5G (C) Level
Control Fails
Low

Pressurizer
Pressure
Control Fails
High

00:00
Pressurizer Feedwater
Relief Valve Control Valve
Open for 8G (C)

Pressurizer
Spray Valves
Open

Operated to
Open

00:00

y

00:00

Pressurizer
Pressure
Decrease

Feedwater
Flow for
SG {(C)Increase

Reactor Scram

Turbine Trip

SG (C) Level
Rapidly
Increase

00:39

v

[Tavg DecreaseJ

Feedwater
Control VvValves
Fully Close

03:00
(Tavg 554°F)

(PRZR Press
1875 PSIA

Generator Trip

|

01:22

Steam Dump
Valve
Control

End of Transient

Fig.2.21 Sequence diagram of major events caused by the

malfunctions of "SG (C) level contreol fails low

"

and "pressurizer pressure control fails high".
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Fig.2.22 Transient pbehaviors caused by the malfunctions
of "SG (C) level control fails low"” and "pres-
surizer pressure control fails high".
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Table 2.14

TIME

[MIN:SEC]

00:00

00:05

04:41

05:23
07:09

13:23

JAERI-M 84-200

Major events and annunciators caused by the malfunctions

of "SG(C)

pressure control fials low".

EVENT

Pressurizer Pressure
Control Fails in Low
Direction

Proportional Pressurizer

Heater Output 100%

8G (C} Level Controcl
Fails Low

SG {C} Level Increase
Due to Increase

Feedwater Flow to S5G. (C)

Feedwater Control Valve
for 8G (C} Full Open

Reactor Scram

Turbine Trip

Steam Dump Valve Position

100%

Generator Trip

Feedwater Control Valves

Full Close (Tavg 554°F)

Pressurizer Safety Valve

TIME

[MIN:SEC]

00:00

00:01
0l:02
04:41

05:23

05:46

Open {PRZR Prass 2485PSIA)

09:45
12:13

13:39

21:47
23:49

31:49

level control fails low" and "pressurizer

ANNUNCIATORS

Pressurizer
Pressure Low

SG Level Error
5G (C)

Reactor Scram

Level High

Turbine Runback
Rod Bottom
Turbine Trip
Steam Dump Armed

Auto Stop 0il to
Drain

High Steam Line
Flow

Tavg/Tref Deviation

Exciter Field
Breakey Trip

Generator trip

Pressurizer Level
Low

Charging Flow Low

Let Down Line
High Tenmp

Pressurizer Relief
Line High Temp

Charging Flow Low

Pressurizer
Pressure High

5G (B) Level Low
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h
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07:09

Fig.2.23 Sequ
malfunctions of.

05:23

h |

N

Steam Dump
Valve
Control

End of Transient

ence diagram of major events caused by the
ngg (C) level control fails low"

and "pressurizer pressure control fails low".
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Table 2.15 Major events and annunciators caused by the malfunctions
of "SG(C) level control fails low" and "RTD in cold leg
A fails high".

TIME EVENT TIME ANNUNCIATORS
[MIN:SEC] [MIN:SEC)
c0:00 Resister Temperature 00:00 Tavg/Tref
Detector Failure High Deviation

in Clold Leg of Loop A

Initiation of Insertion
of Control Red Bank D

SG (C} Level Control
Fails Low

00:01 5G Level Error

00:59 5G (C) Level High

12:33 High Steam Line
Flow

SG (C} Level Increase
Due to Increase
Feedwater Flow to SG (C)

00:05 Feedwater Control
Valve for SG (C) Full
Open

01:27 Initiation of Insertion
of Centrol Rod Bank C

02:05 5G (C) Level 100%

04:05 Completion of Insertion
of Control Rod Bank D
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Transient behaviors caused by the malfunctions
of "SG(C) level control fails low" and "RTD in

cold leg A fails high".
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Table 2.16

TIME
[MIN:SEC]

00:00

00:39

01:21
03:58

27:40

JAERI-M 84-200

Major events and annunciators caused by the malfunctions

of "RTD in cold leg & fails high" and "pressurizer

pressure control fails high".

EVENT TIME
[MIN:SEC)

Pressurizer Pressure 00:00

Control Fails in High

Direction

Pressurizer Relief

Valve Open (in 52 sec) 00:24

Resister Temperature

Detector Failure High

in Cold Leg of Loop A 00:139

Initiation of Insertion

of Control Rods

Reactor Scram

{PRZR Press 1B75PSIA)

Turbine Trip

Steam Dump Valve Position

100%

Generator Trip

Feedwater Control Valves

Close {(Tavg 554°F) 01:21

Auxiliary Feedwater

Pumps Start

(SG Level 13% 2/3) 02:04
02:43
03:25
13:08
27:40

ANNUNCIATORS

Pressurizer
Pressure High

Tavg/Tref
Deviation

Pressurizer
Relief Line
High Temp

Reactor Scram
Turbine Runback
Rod Bottom
Turbine Trip
Steam Dump Armed

Auto Stop 0il to
Drain

High Steam Line
Flow

Exciter Field
Breaker Trip

Generator Trip

Pressurizer Level
High

High Steam Line
Flow

Tavg High
S5G Level Error
SG (B) Level Low

SG (C) Level Low



JAERI-M 84—200

Resister
Temperature
Detector
Failure High

Pressurizer
Pressure
Control
Fails High

00:00

Pressurizer
Relief Vvalve
Open

Pressurizer
Spray Valves
Open

00:00

Pressurizer
Pressure
Decrease

!

Reactor Scram

Turbine Trip

00:39 . _
(PRZR Press 1875 PSIA)

I

"

[Tavg Decrease |
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Valve
Control
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Fig.2.26 Sequence diagram of major events caused by the
malfunctions of "RTD in cold leg A fails high"
and "pressurizer pressure control fails high".
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Fig.2.27 Transient behaviors caused by the malfunctions
of "RTD in cold leg A fails high" and "pres-
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Table 2.17

TIME
[MIN:SEC]

00:00

04:28

05:10
06:47

14:48

23:40
30:50

JAERI-M 84-200

Major events and annunciators caused by the malfunctions

of "RTD in cold leg A fails high" and "pressurizer
pressure control fails low".

EVENT

Pressurizer Pressure
Control Fails in Low
Direction

Proportional Pressurizer
Heater Output 100%

Resister Temperature
Detector Failure High
in Cold Leg of Loop A

Initiation of Insertion
of Control Rods

Reactor Scram
Turbine Trip

Steam Dump Valve Position
100%

Generator Trip

Feedwater Control Valves

Full Close {Tdvg 554°F)
Pressurizer Safety Valve
Full Open

{PRZR Press 2485PSIA)
Let Down Isolation

Auxiliary Feedwater
Pumps Start
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TIME

[MIN:SEC]

00:00

04:28

05:10

05:23

06:13
08:44
11:02
14:27

15:04

22:20

27:57

30:50

ANNUNCIATORS

Pressurizer
Pressure Low

Tavg/Tref
Deviaticn

Reactor Scram
Turbine Runback
Rod Bottom
Turbine Trip
Steam Dump Armed

Auto Stop Qil to
Drain

High Steam Line
Flow

Exciter Field
Breaker Trip

Generator Trip
Pressurizer Level
High

Tavg Low

SG Level Error
Charging Flow Low

Let Down Line
High Temp

Pressurizer Relief
Line High Temp

Pressurizer Level
Low

Pressurizer Relief
Line High Temp

SG (B) Level Low

SG (€) Level Low
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Fig.2.28 Sequence diagram of major events caused by the
malfunctions of "RTD in cold leg A fails high"
and "pressurizer pressure control fails low".
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Table A.1l VEPCO SURRY-1 Design Data (at 100 % Power)

1. Primary System

PARAMETER DESIGN VALUE

f1) Total Core Heat Output 2441 [MWt]
(2) System Operating Pressure Norminal 2250 [PSIA]
{3) Coolant Flow

1. Total Flow Rate 100.7%10° [LB/HR]

> Effective Flow Rate for Heat Transfer  96.2%10° [LB/HR]
(4) Reactor Inlet Temperature 543 [°F]
(5) Reactor Outlet Temperature 605.8 [°F]
(6) Average Temperature

1. in Core 577 [°F]

2. 1in Vessel 574 [°F]

(7) Total Volume of Reactor Coolant System 8.935*103 [Ft3}

(8) Heat Transfer
2

1. Active Heat Transfer Suface Area 42460 [Ft7]
2. Average Heat Flux 1.911*105 [RTU/HR/Ft]
3. Maximum Heat Flux 5.341*105 [BTU/HR/Ft]
4. Average Thermal Output 6.2 [Kw/Ft]
5. Maximum Thermal Output 17.3 [Kw/Ft]
(9) Fuel Assemblies
1. Design Canless 15*15
2. Rod Pitch 0.563 [IN]
3. Overall Dimensions 8426*8426 [IN]
4. Fuel Weight (at UO,) 1.762%10° [LB]
5. Total Weight 2.262%10° [LB]
6. Number of Fuel Assemblies 157
(10} Tuel Rods
1. Number 32028
2. Qutside Diameter 0.422 [IN]
3. Diametral Gap 0.0075,0.0075,0.0085 [IN]
4, Clad Thickness 0.0243 [IN]
5. Cold Material Zircaloy—4
6. Fuel Enrichments 1) 1.85 2) 2.55 3) 3.1 [W/0]
7 .Maximumr Clad Surface Temperatur 575 [°F]

at Norminal Pressure
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Tablea .l Continued

PARAMETER DESIGN VALUE

8. Fuel Central Temperture at 100% Power 4050 [°F]
at Over Power 4300 [°F]

9. UO2 per 2Zssemblies 157
(11} Control Rod Assemblies
1. Neutron Absorber % Cd,15% In,80% Ag
2. Number of Rod per Assembly 20
3. Total Rod Worth (AK/K{ 8.85 (47 Rod In)
{12) Effective Multiplication

{(Beginnig of Life) ,Keff,Hot
Full Power,Xe and Sm Egquilibrium 1.09

(13) Boron Concentration to Shut Reactor
Down No Control Rod Assemblies Inserted

(Keff=0.99) Cold 1250 [pPM]
Hot 1240 [PPM]
(14) Kinetic Characteristics ' [AK/K per °F]
1. Moderator Temperature Coefficient +0.3"'10_4to—3.5"‘]_0-4
2. Doppler Coefficient ~1%10 2 to~1.6%10""
(15) Core Structure
1. Core Diameter (Egquivalent) 119.5 [IN]
2. Core Height {Active Fuel) 144 [IN]
(16) Pressurizer
1. Liguid Volume - 780 [Ft3]
2. Steam Volume 520 [Ft3]
(17) Pressurizer Operating Relief Valve
1. Number of Valves 2
2. Capacity Maxirmum 2.1*1055[LB/HR}
- Normal 1.79*107 [LB/HR]
3. Openning Set Point | 2335 [PSIA]
(18) Pressurizer Safety Valve
1. Number of Valves 3
2. ASME Rated Flow 293330 [LB/HR]
3. Openning Set Point 2485 [PSIA]

(19) Pressurizer Spray Valve Cpenning Press. 2260 [PSIA]
(20) Pressurizer Relief Tank
1. Total Volume 1300 [Ft
2. Stand by Water Volume 900 [Ft3]

3
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Table A.1 Continued

PARAMETER DESIGN VALUE
(21) Main Coolant Pump
1. Number of Pumps 3
2. Rated Speed 1170 [RPM]
3. Flow at 543°F 33.57*10% [LB/HR]
4. Design Head 280 [Ft]}
5. Moment of Inertia 7*104 [LB*th]
2. Secondary System
PARAMETER DESIGN VALUE
{1l) Steam Generator
1. Number of Steam Generator per Unit 3
2. Total Heat Transfer Surface Area 51500 [Ft2]
3. Heat Transferred at 100% Load 2.778*106 [BTU/HR]
4. Steam Condition at 100% Load
Steam Flow 3.506*106 [LB/HR]
‘Steam Temperature 516.1 [°F]
Steam Pressure 770 [PSIA]
5. Feedwater Temperature 430 [°F]
6. Total Length of SG Narrow Range 12 [Ft]
7. Total Length of SG Wide Range 48.669 [Ft]
8. Overall Height 67.8 [Ft*IN]
9, Number of U Tubes 3388
(2) Secondary Side Water Volume 1688.5 [Ft°]
(3) Secondary Side Steam Volume 3830 [Ft3]

(4) Secondary Side Fluid Heat Content 45.53*106 [BTU]
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