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Abnormal Transient Analysis by using PWR Plant Simulator, Part 2
(Secondary System Analysis)

Akira NAITOH*, Yoshimitsu MURAKAMI* and Masao YOKOBAYASHI

Department of Nuclear Safety Evaluation

Tokai Research Establishment, JAERI
(Received May 13, 1983)

This report describes results of abnormal transient analysis by using
a PWR plant 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 EOL.

In the simulater, maifunctions are provided for abnormal conditions of
equipment failures, and in this report, 17 malfunctions for secondary
system and 4 malfunctions for nuclear instrumentation systems were
simulated.

The abnormal conditions are. turbine and generator trip, failure of
condenser, feedwater system and valve and detector failures of pressure and
wvater level. Fathermore, failure of nuclear instrumentations are involved
such as source range channel, intermediate range channel and audio counter.

Transient behaviors caused by added malfunctions were reasonable and

detail information of dynamic characteristics for turbine—condenser system

were obtained.

Keywords: Simulator, PWR Plant, Abnormal Transient, Malfunction,
Dynamic Characteristic, Secondary System, Nuclear Instrumentaticn
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2. PWR 77 ~ b _IRZDHEHIEMN

TRFROFHEET EL TR LIDOHD 35 1 75 —RET» 7. G IBENHOERE 1
T, BB A DEEEAIRCRT HLwAr 7773 ¥N45, 46, 4 9E3FHFNhE
BEZI, 2%, 5 0%MHMEATH b, A8, UTERTAZLEORDMKETIFHEN &S50
PSR RICIHLDHAN Lt vy v EDEFFRULATHD, FLOBRBETZERL TV 5,

2.1 ERRERASEWM

100%A8EHEES, SG (Steam Generator ) —~BOERXERTHME U/FE 0
LTEEFROEERAAFZ2.1i, BRY—Frv2%5K21ic, ZLTEENF 2 —5 DL EK
221L 7, SG-COBNDINEESG —AERKETHD, SG — BEOEDI-HITHEE 1,
(MDET, 3—7HE-BEERT VT 77 va YIE20 T SG —B AWK E LTRIFT
5o )

RMEREI TN TEMEBNCAL L REL T 3 DTERNEE, EOB8LUKMEERET 2,
H7345 2 3 PST AMGE LIS TR TR ERIRESOHBFES 254 5 L, BHESHNZ 7L
— IR B, RAESABRIEES 1.6 5x107 LBM/OR (4712 Lk, SG —BIiE
HOE TP - TRECHRLDT B, 5 5 LBEENESRNEND LR &, SCG-BENEF &0
BOTHEBA SR LB SERET 5.
SG—BEAMAMEEITNTREAIME LN S, SG —C THEEERS v ¥ —HNHB ZEORM
TEMETLT, SCHMEDEHNETHEMIC 1.43x 107 LBM HR(4 188) wigd 3, 49—t
YRy TTY —E CHIERAEL 2o 0 LBM HR b e, Ry v 7ROMBEBEC LD B
BEHNCRP LTH THOXEESIBHBS P U TR HEEILEL S, BEEKY v 7THORERES
F—IRS I EEE TAVG OETHRET 5,

SGHESG —BTit, RIEPHIC LD ZUEICE T L TUBMBESRAE A ERECE L L 5,
SG-CHEIRAECHEATHL 75 PSIA (7T7%) FTENT S, REISFOMMAEET L
ARCECT84Ric925 PSTA (123%) ET S, TORZIRABEOFDITHE - TIRFEICHE
LT, 109 T50PSIA (7% &715,

S GKRIEBEAKAFTOETRENTV S, S G ~BOKMESHUAKKEDE Mz, SG
WHANOFRA FPEMLTL 0 0% L5508, BKFREOKED &EUREOMGEMIZILTH L < HH
LEBLRHELT, 45BX0%BLITELE, SG—-CoKAIZ2E L 0 0ZiZELLE, BKE
BOFDE R4 FIHBIKEZDRBICETT 5, 5 THIRFESREFOHSETEITAN; L1000
LBM/ HRUTF & 54Z, S G —C OKRUOFEE — FHOZEBES N CRERICE D ERT 575, Z#
BOR/D EHLICRKEIIETT 2,

S G DMK IIARMD ERICR U TEDS M, 3REDN 2 RFEDOKNMST 5 B LML TE
kR v i ERES P icnic, SRTELTA, F/miaKE 73 ESS (Engineered
Safeguards System ) {ESOfEElic L DEE L, 1 8 HIEIEFMPEO TEKEREL T 5.

__5__
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BEREZ7 7 AQEKIE, ESSESLsb0T, 2 AR (Safety Injection ) DYEE)
LE ST 5, £/ ESS REFRRES~ v ¥ —EHESGCENLOEN 100 PST Uk
ot lellkd, Ty —EY b o TRETFRAY 7 2MREE B8, EEHC SGKAHHEE
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Table 2.1
Generator Steam Line Leak
TIME EVENTS TIME
{MIN:SEC] [MIN:SEC]
00:00 SG-B Steam Line Leak 00:02
00:04 Safety Injection signal On 00:03
Reactor Scram
Turbine Trip
L 00:04
Steam Dump Valve Position
100%
00:05 Feedwater Pumps
Stop
Auxiliary SG Feedwater
Pump Starts
00:07 Letdown Isolation
Backup and Proportional
Pressurizer Heaters Off
00:17 Safety Injection Initiation
from RWST to Reactor
Coolant Line
00:18 Auxiliary Feedwater Control
Valves Open 00:10
00:22 Backup Pressurizer Heater
00:16
On ~
00:57 Containment Spray Pump 00:22
Starts
Main Steam Stop Valves 00:28
Close '
03:40 Inside Recirculation Pump
Starts
03:43 Pressurizer Spray Valves 00:48
Fully Close
03:46 Proportional Pressurizer
Heater 100% On (at 2210PSIA) 00:57
03:52

JAERI—M 83-(81

Main Events and Annunciators in the case of Steam

ANNUNCIATORS .

High Steam Line Flow

SG Level Error
SG B Alarm

Reactor Scram
Turbine Runback

Rod Bottom

Turbine Trip
Tavg/Tref Deviation
Steam Dump Armed

SG C Alarm

Safety Injecticn

L.ow Steam Line
Pressgure

Feedwater Isolation
Auto Stop 0il to
Drain

Charging Flow Low
Rod Stop

Pressurizer ILevel
High

Pressurizer Relief
Tank Trouble
Containment Portial
Pressure

Exciter Field
Breaker Trip

Generator Trip

Tavg Low

Pressurizer Pressure
High

Consequence Limiting
Safeguard Initiation

Steam Line Isolation

Pressurizer Pressure
Low
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SG—B Steam Line Leak

00:00

3

§G Press/Steam Header Containment Sump
Press Deviation> 100PSI ||Tank Press

l

ESSLOG Signal

2 4

Increase 23 PSIA

|

ESSLOG Signal

h

Main Steam Stop
Valves Clocse

safety Injection Reactor Scram
00:04 Turbine Trip

] 00:04
Letdown Isolation | Tavg Decrease

PREZR All Heaters
Off

00:07

I

1 00:57

Containment Sump
Tank Spray Pump
Starts

l;, 00:57

Inside Recirculat-
ing Pump Starts

Water Injection
Initiation

) 00:17

PRZR Level
Increase

h

Backup Heater On

l, 00:22

PRZR Press Decrease

(PRZR Ligquid Temp

1 03:40

SG Level Control

!

Feedwater Pumps
Stop

00:05
{SG Level 75%)

AuxX. SG Feedwater
Pump Starts

00:05

Low 600°F)

Y
PRZR Spray Valves }
Close . .

l - Generator Trip
Proportional
Heater 100% On

03:46

(at 2210 PSIA) 3

00:48

End of Transient

Fig. 2.1 Sequence Diagram of Main Events Caused by Steam
Generator Steam Line Leak
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Fig. 2.2
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Transient Behavicrs Caused by Steam Generator
Steam Line Leak
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Fig. 2.2 Continued
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Hot Leg (B)Loop
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TITHE(HNIN)

Fig. 2.2 Continued



JAERI-M 83-081
2.2 I—EVH@FIANA—T

H ok o — KEESEOMRET L0 5 — © U EER 4 @D 1 EFEHT 5. 10 0 BB SRR
&,ﬁﬁﬁ(27%)b%ﬁﬁiﬁ$l%/MniT&ﬁiﬁﬁ&bk%ﬁ@Z#ﬂzmowfﬁﬁ
21T -7

(1) 100 SAFETEE

- RS REREA O E LT, TEEROARIERNEE2.21C, £ 74 -2 DELE
52 3iTxRds ' '

No 4 ¥ — E CHIEFEEAKED /b 8 5 % (EREE) 510 0B \BEIGET 5, D5 —
EVEIEFR LS — E BRSASFEIEE - F TRV AHIE, N 1IZRRENLEIICAETH S,
BT 4 — & HIER TR (349 3.8 BT 5,

ESREL Y — R OSSR TRISICIIL T, 85°T5.7 x 10 LBM/HR(L 6
%) OEINME SIS, S GHEAEMITRMER A/ EYD, 85 T17 PSI (2.3%) BTF45.5G
KELZZEGRBO 27 v 7TROBMITEN SC REHNOE B Tk L84 FEMOIH 1.2 % ER
4 B4, #HKkEIEEIC LD LOKRAICEEY %,

g UBERE RN T v e YAEMAS T THEPLBTLTNED, TNiZ100%
ﬁﬁ@ﬁ%m%wrﬁ%ﬂ%@%%ﬁ%fﬁéo9—Byﬂ@#®7l4w¢~fyfzﬂml4
MWe (1.7%) FRT44, HIEHOM FiTikn s — 2 YAOHEARIEIHDT 512D RBI
EFLT826MWe iR T %,

_PAHMIRRE (2, T — 0V F L2 SG TOREETBROBAI XV ZRENE A DIRAIET
54, BEBRTIZ8ATHIP 1.4°F TH b,

Ny DEREER, ¥ —CrRESHAO LRIV 3F k0 0.5 STEP (0.4 %) 3Hkphii
He, BETHER T SR 2 BT 5, BTAHARHTAIC LR LTSS TL00.5%IC
me 2, (PHEFHERCETE R T 38IRESR e M~ 7 7 ¥ 7 ¥ a VICHBAKTEL
ﬁ?&m;5%®f$5o)&—EV%%ﬁﬁﬂﬂﬁﬁLf%ﬁﬁﬁﬁﬁkénawmﬂ,ﬁ@%m
EXF )Y RERITOEDLTH S,

(2) EEF» OO LA EER

B LRt s 35 — CVERR 7 < 4 vd =T v OEBER Srodic, 2T BOFHNEDY
@K&—EV%%&&ﬁiﬁﬁ%l%/MnﬁT@%?éo@ﬁﬁ%ﬁﬁ%o@méﬂi%$%@i
EWE45E2 310, S EEESKOEE vy 2 —sOFELER2 41, T LT20®RNSFY—F
BISHESRE LB AOR— 7 4 — 5 OFFER 2.5 ITRT . .

R 2.4 B0 TR, - vHlEREEoan FREs i ) BRI » TARRRRY
§ - v RBRENS ERT 5, |

v o DB AR E RN L TR s ih btk T o, BFFRHY), £LT TAVGH
FOREBAEFZUEPO LR LTS,

2.5 Tid, 25%N4 s — & EI@AEES2 0%» 510 05105, TOBRFICS -
I TR, 5 — v RERMIN A A — N — Y 2 — PR ONE. CHERERNICHT
et B HERARD Dy — € VEEFOSHSETHBNICHIR LcinTH Y, 5 — EVEE
#¥ﬁ%§?5%(ﬁ%%§ﬁﬁt6%)@%mm;bﬁ_EV%%ﬁ&ﬁBOMWe(6%)01



JAERI-M 83-081

L5,

v o DB S EE A RS TRFFRAZBFHEICGERSE TV 3,

MK@HMEEH,ﬁ?ﬁmﬁwﬁmwﬁé¢wbV¢®Lﬁéﬁﬁ%Eﬁ®%ﬁw$é%ﬁ§®
BN T =L F L7 BETLT, ERREALEZHBRSNG 0 TAVG KIZERN - 72870
PTintilny,

PEED 10 0BaMEEEF, OHNERERDPKEBET 55 - VHER 7 =4 1A - T v OF
BOEW A<D,

FIED X 5 HEARE TRy — U VHlHAEEEESSDEML TS, SCREADETERALLT
Hic s - URHBEBREANET T2, ChdFETFHAORMERICT 5 B0 %5 i OF HE
Wik, BREEHEARAEEDTH DL, 7 FEfle— FTITAE, T2 CAamEH%E i
D % — & EIE O FER TN LTRICEZ BB S,

BEFY -y RESE A —EO FRRTERET-THD, VI FEfle - EA50AH
T8 AR/ NRICHiE TS, BWMEGICT L TERBBBNC EBbd 5,



JAERI—M 83-081

Main Eventse and Annunciators in the case of Turbine

ANNUNCIATORS

Table 2.2
Governor Valve Fails Open ( at 100% Power)
TIME EVENTS TIME
[MIN:SEC] [MIN:SEC]
00:060 No.4 Governor Valve Fails

00:02

00:03

00:04

00:07

Table 2.3

TIME
[MIN:SEC]

00:00

02:00

02:02

08:24

Open

Steam Flow and Turbine
~-Generator Power Commence
Rapid Increase

Control Rods of Bank‘D
Step Out (in 5 Seconds}

5G Swell (Level) Due to
Decreased Pressure

Turbine-Generator Power
Commences Slow Decrease

None

Main Events and Annunciators in the case of Turbine

Governor Valve Fails Open

EVENTS

At 27% Power, Unit Ramp
Increase 1%/MIN

No.4 Governor Valve Fails
Open and Other Governor
Valves Close

Steam Flow and Turbine
-Generator Power Commence
Rapid Increase

SG Swell {Level) Due to
Decreased Pressure

Other Governor Valves Open

-ed by Governor Valve
Control Signal

TIME
[MIN:SEC]

02:00

{(at 27% Power)

ANNUNCIATORS

Tavg/Tref Deviation

Steam Dump Armed
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Mean GoOVernor
Yalve Position
[%]

ENo.4 Position

Steam Flow Rate
[L.BM/HR]

: SG_(E} Press >
[pSIA] =

sSG (B)
Narrow Range
=Level [%]

S recdwater Flow:
ate to 5G (B)
[LBM/HR]

TIMECKTIN)D

Fig. 2.3 Transient Behaviors Caused by Turbine Governor
Valve Fails Open (at 100% Power)
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Fig. 2.3 Continued
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R

= A
F Governor Valve I
FNe.l Position
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CHART NO. PZ4
T

SRE =8
EREECEE=E=ce
G (B) Press;
[PSIA}

HRate to 5G (B)
8 [LBM/HR]

e

TIMECHTIND

Fig. 2.4 Transient Behaviors Caused by

Power Increase
under Normal Conditions

{at 27% Power}
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Fig. 2.4 Continued
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B
Mean Governor
valve Position

Generator
Power [MW]

Steam Flow Rate

F WATANABE INSTRUMENTS CORP.
= ==

= T

Feedwater Flow

Rate. to SG (B}
{LBM/HR]

S R O IR T 73 O S B R e s AnE Tt T Ay {2 B BN R EEEE RN

L 1 1 a

1 1
0 5 10 15 20 25
TIMECMIND

Fig. 2.5 Transient Behaviors Caused by Turbine Governor
Valve Fails Open {at 27% power)
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Fig. 2.5 Continued
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Table 2.4 Main Events and Annunciators in the case of Turbine
Governor Valve Fails Clcse

TIME EVENTS TIME ANNUNCIATORS
[MIN:SEC] [MIN:SEC]
00:00 No.l Governor Valve Fails 00:00 Tavg/Tref Deviation
Close High Steam Line Flow

Steam Flow and Turbine
-Generator Power Commence
Rapid Decrease

Control Rods of Bank D
Insert {(in 5 minutes)

Steam Dump Armed

00:05 SG Shrink (Level} Due to
Increased Pressure
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Mean Governol
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© Generator
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Fig. 2.6 Transient Behaviors Caused by Turbine Governor
Valve Fails Close
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Fig. 2.6 Continued
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Table 2.5

TIME

[MIN:SEC]

00:

00:

02:

02:

03:

18:

00

12

48

50

34

23

JAERI-M B3—081

Main Events and Annunciators in the case of Leakage
{(Escape) Valve

of Atmospheric Steam Dump

EVENTS

100% Leakage of Atmospheric
Escape Valve

Steam Flow Commence Rapid
Increase

Turbine-Generator Power
Commences Slow Decrease

Reactor Power Commences
Slow Increase

Governor Valves Controled
to Close Due to Turbine
Runback

Contrecl Rods of Bank D
Insert {in 5 minutes)

Feed Water from Condensate
Storage Tank to Condenser

Condenser Hotwell Level 0%

TIME

[MIN:SEC]

00:54
02:48
03:18

04:25

ANNUNCIATORS

Rod Stop
Turbine Runback
SG Level Error

Tavg/Tref Deviation
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Transient Behaviors Caused by Leakage of Atmos-
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Table 2.6 _
L.oss of Feedwater
TIME EVENTS
[MIN:SEC]
00:00 Tube Failure in lst Point

00:

Gl:

01:

08:

09:

09:

10:

11:

35

15

18

54

37

48

45

32

- Insert

Highest Pressure Heater
and Partial Loss of Fead-
water

Feedwater Temperature
Decrease

lst Polint H.P. Heater

Level 100%

Feedwater Control Valves
Fully Open

Control Rods of Bank D

{in 4.5 minutes)
Reactor Scram (SG Level Low)
Turbine Trip

Auxiliary 8G Feedwater
Pump Starts

Steam Dump Valve Position
100%

Backup Pressurizer Heater
Oon

Steam Dump Valve Position
50%

Feedwater Control Valves
Fully Close

Steam Dump Valve Position
0%

TIME

[MIN:SEC]

01:08

08:54

09:37

12:45

Main Events and Annunciators in the case of Partial

ANNUNCIATORS

SG Level Error

Reactor Scram
Turbine Runback
Rod Bottom

SG C Alarm

Turbine Trip

Tavg/Tref Deviation
High Steam Line Flow

Steam Dump Armed
SG B Alarm

Auto Stop 0il to
Drain

Exciter Field
Breaker Trip
Generator Trip
PRZR Level High

Tavg Low
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Tube Failure in 1lst|
Point High Pressure

Heater
' 00:00
v
Feedwater Flow 1st Point H.P.
Decrease ) Heater Level 100%
00:35
5G Level Control Steam Flow
l Decrease
Feedwater Control lL
Valves Fully Open| Turbine-Generator
l 01:15 Power Decrease
5G Level Decrease Control Rods of
Bank b Insert

i ] _ 01:18

aux. SG Feedwater Reactor Scram
Pump Starts , Turbine Trip
08:54 08:54
Iy (SG Level<13%)
Tavg Decrease
l : Generator Trip
Backup Heater On 09:37
09:37 |
Steam Dump
Valve Control
Feedwater Control
Valves Fully Close
10:45 .
(Tavg 554°F) End of Transient
Fig. 2.8 Sequence Diagram of Main Events Caused by Partial

Loss of Feedwater
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Table 2.7

TINE
[MIN:SEC]

00:00

0G:20

00:50

01:54
02:10
03:18
64;00

19:56

JAERI—M 83—081

Main Events and Annunciators in the case of Total

Logs of Feedwater

EVENTS

Feedwater Pump Trip
Reactor Scram

Turbine Trip

Steam Dump Valve Positién
100%

Auxiliary SG Feedwater
Pump Starts

5G Level (Narrow Rancge) 0%

Backup Pressurizer Heater
On

Steam Dump Valve Position
50%

Feedwater Control Valves
Fully Close

Steam Dump Valve Position
0%

Steam Dump Valve Position
50% Sometimes

TIME
[MIN:SEC]

00:00

00:24

00:26

06:45

01:54

04:36

Feedwater Pumps Trip

00:00

Reactor 5cram

Turbine Trip

h

00-00

Steam Dump
Valve Control

[Eévg Decrea§EJ

ANNUNCIATORS

Reactor Scram
Turbine Runback

Rod Bottom

Turbine Trip
Tavg/Tref Deviation
High Steam Line Flow
Steam Dump Armed
Autq Stop 0il to
Drain

5G Level Error

SGC B Alarm
SGC C Alarm

Exciter Field

Breaker Trip

Generator Trip
PREZR Lewvel High

Tavg Low

Fig. 2.10

Generator TripJ

00:45

End of Transient

!

[SG Level Control

!

2Aux. S5G Feedwater
Pump Starts

00:20

[Eé Le;el 0%]
00

:50

Feedwater Control
Valves Close

03:18

Sequence Diagram of Main Events Caused by Total

IL.oss of Feedwater
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Fig. 2.11 Transient Behaviors Caused by Total Loss of
Feedwater
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Table 2.8 Main Events and Annunciators in the case of Partial
Loss of Circulating Water Flow

TIME EVENTS TIME ANNUNCIATORS
[MIN:SEC] [MIN:SEC]
00:00 Circulating Water Flow None

Reduce by Half

00:05 Condenser Vacuum Begine to
Decrease {Pressure Increase)

Turbine-Generator Power
Commences Decreasge
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Table 2.9

TIME

[MIN:SEC]

00:

00:

00:

00:

Ol}

02:

05:

00

15

16

35

56

53

48
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Main Events and Annunciators in the case of Total

Loss of Circulating Water Flow

EVENTS

Circulating Pumps.Trip Due
to Bus Failure

Condenser Vacuum Decrease
Turbine-Generator Power
Slowly Decrease

Turbine Trip Due to Conde-
nser Vacuum Low
(pressure>»5.3 PSIA)

Reactor Scram

Auxiliary SG Feedwater
Pump Starts

Atmospheric Escape Valve
Opens : -

TIME

[MIN:SEC]

00:

00:

00:

00:

(SG Mean Pressure > 1070 PSIA)

Backup Pressurizer Heater
On

Feedwater Control Valves
Fully Close :

00:

02:

15

16

25

35

58

53

ANNUNCIATORS

Condenser Vacuum.
Trouble

Turbine Trip
Auto Stop 0il to
Drain

Reacteor Scram
Turbine Runback
Rod Bottom

Tavg/Tref Deviation
SG Level Error

SG B Alarm
SG C Alarm
Exciter Field
Breaker Trip

Generator Trip

Pressurizer Level
High
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Circulating Pumps Trip

l 00:00

Condenser Vacuum
Decrease

L

Turbine-Generator
Power Decrease

1

Turbine Trip

Ny

A

SG Press Increase

Reactor Scram

00:16

Atmospheric Escape
Valve Opens

Tavg Decrease

01:56

{ 8G Mean Press> 1070 PSIA )

00:15

(Condenser Vacuum Low)

1

Backup Heater On

02:53

Fig. 2.13

n

Generator Trip

00:58

!

End of Transient

—

SG Level Control

&

Aux. SG Feedwater
Pump Starts

l 00:35

Feedwater Control

-|valves Fully Close

05:48
(Tavg 554°F)

Seguence Diagram of Main Events Caused by Total
Loss of Circulating Water Flow
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Fig. 2.14 Transient Behaviors Caused by Total Loss of
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Table 2.10 Main Events and Annunciators in the case of Loss of
High Pressure Heater Drain Pump

TIME EVENTS . TIME ANNUNCIATORS
[MIN:SEC] [MIN:SEC]
00:00 H.P. Heater Drain Pump None
Trip

00:02 H.P. Heater Drain Tank
Level Increase

Feedwater Flow Decrease
{in 34 seconds)

Feedwater Contrel Valves

Slowly Open to Compensate
00:20 Loss of Feedwater Through

H.P. Heater Drain Pump

Water Supply Commence from
H.P. Heater Drain Tank to
Condenser

00:23 Condenser Level and Pressure
Increase

00:24 Turbine-~Generator Power
Commences Slow Decrease
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Fig. 2.15 Transient Behaviors Caused by Loss of
High Pressure Heater Drain Pump
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Table 2.11 Main Events and Annunciators in the case of Turbine

Trip
TIME EVENTS TIME ANNUNCIATORS
[MIN:SEC] [MIN:SEC]
00:00 Failure of 20 ET Solenoid 00:01 Turbine Trip

00:01 Turbine Trip Steam Dump Armed

Steam Dump Valve Position SG Level Error

100% . Auto Stop 0il to
Drain

00:58 Backup Pressurizer Heater

On 00:02 Reactor Scram

01:14 Steam Dump Valve Position Turbine Runback

50% Rod Bottom

02:24 Feedwater Control Valves Tavg/Tref Deviation

Fully Close High Steam Line Flow
03:22 Steam Dump Valve Position 00:43 Exciter Field
0% Breaker Trip

07:24  Steam Dump Valve Position Generator Trip

20% Sometimes 00:58 Pressurizer Level

High
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Fig. 2.16 Transient Behaviors Caused by Turbine Loss
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Table 2.12 Main Events and Annunciators in the case of Loss of
Main Generator

TIME EVENTS TIME ANNUNCIATORS
IMIN:SEC] [MIN:SEC]
00:00 Generator Trip Due to 00:00 Exciter Field
Breaker Trip (Exciter Field) Breaker Trip

00:03 Turbine Trip voltage Regulater

Steam Dump Valve Position Trouble
100% Generator Trip
00:04 Reactor Scram 00:03 Turbine Trip

01l:00 Backup Pressurizer Heater Steam Dump Armed

On Auto Stop 0il to
Drain
01:17 Steam Dump Valve Position

509 SG Level Error

02:26 Feedwater Control Valves 00:04  Reactor Scram

Fully Close Turbine Runback
03:25 Steam Dump Valve Position Rod Bottom

0% Tavg/Tref Deviation
07:26 Steam Dump Valve Position High Steam Line Flow

50% Sometimes 01:00 Pressurizer Level

High
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Fig. 2.17 Transient Behaviors Caused by Loss of Main Generator
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Table 2.13 Main Events and Annunciators in the case of Failure
of Automatic Turbine Runback

TIME EVENTS TIME ANNUNCIATORS
[MIN:SEC] [MIN:SEC]
00:00 Dropped Control Rod P-6 00:01 Rod Bottom
of Bank A Turbine Runback
OO{Ql Control Rods of Band D 01:07 Rod Stop

Commence Withdrawal
{ in 66 seconds’ )

01:48 Control Rods of Bank D

Commence Withdrawal
( in 2 minutes )
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Fig. 2.18 Transient Behaviors Caused by Failure of
Automatic Turkine Runback
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Main Events and Annunciators in the case of Failure

of Steam Header Pressure Control in High Direction

Table 2.14
TIME EVENTS
[MIN:SEC]
00:00 Steam Header Pressure
Control Fails High
00:03 Steam Dump Valve Position
15% to 45%
00:57 SG Feedwater Pump Stops
and Auxiliary Feedwater
Pump Starts
05:48 Backup Pressurizer Heater
On
08:15 Létdown Isolation
Backup and Proportional
Pressurizer Heaters Off
13:40 Volume Control Tank
Automatic Make-up
19:30 Reactor Scram Due to

SG Low Level

60—

TIME

[MIN:SEC]

00:

00:

01:

03:

06:

19:

09

57

04

28

45

30

ANNUNCIATORS

SG Level Error

Feedwater Isoclation

SG B Alarm

SG C Alarm
Tavg/Tref Deviation

Tavg Low

Low Steam Line
Pressure

Pressurizer Level
Low

Reactor Scram
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Steam Header Pressure
Control Fails High

00:00
.

| Steam Dump Valve Open More

00:03
¥,

Main Steam Flow Increase

i

Tavg Decrease

SG Level Decrease

PRZR Press Decrease

Backup Heater On

05:48
{(Press 2224.7 PSIA)

{ I ¥
5G Level Control Reactor Scram
l 19:30 !
Feedwater Pumps (ESWETEZ%
Stop and Aux. SG
Feedwater Pump
Starts
00:57
(Tavg 554°F) ¥
PRZR Level Decrease
= *
Letdown Isolation
PRZR All Heaters Off
08:15
(Level 14.4%)
End of Transient . —l -
' ' | Charging Flow Increase

VCT Level Decrease

)

VCT Automatic Make-up

19:30

(VCT Level 24%)

Fig. 2.19 Sequence Diagram of Main Events Caused by Failu;e
of Steam Header Pressure Control in High Direction
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Table 2.15 Main Events and Annunciators in the case of Failure
of Steam Header Pressure Control in Low Direction

TIME EVENTS TIME ANNUNCIATCORS
[MIN:SEC] _ [MIN:SEC]
00:00 Steam Header Pressure 09:07 Tavg/Tref Deviation

Control Fails Low
00:04 Steam Dump Valve Fully
Closes
SG Pressure Increase
Reactor Power Decrease
12:36 Atmospheric Escape Valve
Opens
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Fig. 2.21 Transient Behaviors Caused by Failure of
Steam Beader Pressure Control in Low Direction
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Main Events and Annunciators in the case of Steam

ANNUNCIATORS

SG Level Error

Table 2.16
Generator "C" Level Control Fails in High Direction
TIME EVENTS TIME
[MIN:SEC] [MIN:SEC]
00:00 5G-C Level Control Fails 00:01
High
01:41

01:41

01:48

02:37

02:54

03:00

04:03

04:50

10:24

5¢-C Level Decrease Due to
Decrease Feedwater Flow to

sG-C

Turbine Trip

Reactor Scram

Steam Dump Valve Position
100% '

SG~C Level (Narrow Range)
0%

Backup Pressurizer Heater

On 02:25
Steam Dump Valve Position

50%

Feedwater Control Valve 0237

for S8G-C Closes

Other Feedwater Control 03:39
Valves Close

Steam Dump Valve Position

0%

Steam Dump Valve Position
50% Sometimes

SG C Alarm
Turbine Trip

Auto Stop 0il to
Drain

Reactor Scram
Turbine Runback

Rod Bottom

Tavg/Tref Deviation
High Steam Line Flow
Steam Dump Armed
Exciter Field
Breaker Trip
Generator Trip

Pressurizer Level
High

Steam Line Isolation
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85G~-C Level Control
Fails High

l 00:00

Feedwater Control Valve
for SG-C Operated to Close

' 7

Feedwater Flow for 1

SG-C Decrease Feedwater Control
l valve for SG-C

SG-C Level Rapidly Fully Close
Decrease 03:00

|

Reactor Scram

Turbine Trip

01:41
{(SG Level Low

W < 13%)

Tavyg Decrease _

W ' Steam Dump
Feedwater Control Valve Control
vValves for SG-A&B
Fully Close

04:03 W
: Generator Trip
{(Tavg 554°F) 02:25
PRZR Press Decrease
Backup Heater On

02:37 N
End of Transient

Fig. 2.22 Sequence Diagram of Main Events Cause by Steam Generator
"C" Level Control Fails in High Directicn
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Fig. 2.23 Transient Behaviors Caused by Steam Generator
"C" Level Ccntrol Fails in High Direction
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Table 2.17 Main Events and Annunciators in the case of Steam
Generator "C" Level Control Fails in Low Direction

TIME
[MIN:SEC]

00:00

48:06

49:03

49:18

50:38

50:46

51:30

55:22

EVENTS

SG-C Level Control Fails
Low

SG-C Level Increase Due to
Increase Feecdwater Flow to
SG-C

Reactor Scram

Turbine Trip

Steam Dump Valve Position
100%

Backup Pressurizer Heater
On

Steam Dump Valve Position
50%

Feedwater Control Valves
for SG-A,B Close

Feedwater Control Valve
for SG-C Closes

Steam Dump Valve Position
0%

Steam Dump Valve Position
50% Sometimes

TIME
[MIN:SEC]

00:01
01:18
05:36

06:36

48:06

48:49

49:03

ANNUNCTIATORS

SG Level Error

SG C Alarm

Rod Stop

High Steam Line Flow

Reactor Scram
Turbine Runback
Rod Bottom
Turbine Trip
Tavg/Tref Deviation
Steam Dump Armed
Auto Stop 0il to
Drain

Exciter Field
Breaker Trip
Generator Trip

Pressurizer Level
High '
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SG-C Level Control
Fails Low

00:00

L

Feedwater Control Valve
for SG-C Opens More

4

Feedwater Flow for
SG-C Increase

[

SG-C Level Rapidly
Increase

Primary Coolant
Temp Unkalance

!

Reactor Scram

Turbine Trip

48:06 (Partial High Flux)

: 109%
¥
Tavg Decrease : ¥
' Steam Dump
Valve Control
Y

Feedwater Control
Valves Close

50:38 ' R
(Tavg 554°F) Generator Trip

48:49
Iﬁ

PRZ%2R Press Decrease
Backup Heater On

49:03 ¥
End of Transient

Fig. 2.24 Sequence Diagram of Main Events Cause by Steam Generator
"C" Level Control Fails in Low Direction
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Fig. 2.25 Transient Behaviors Caused by Steam Generator
"Cc" Level Contrcl Fails in Low Direction
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2.17 EHCE8HBROMME

5 0 %AMED 4B/ MIN THAERLERS, 492FBLAECAT, EHC (Electric
Hydraulic Control)NiC$HEI v bo—Ndr iy PO 1RO ) v PRSI L /2720,
HA LR KL B EDT T v b DBBI RN,

5 0% LD AR EEAMGLAZEEA 0 ELT, FEREROELRLAEE2.1 81, FEH I A
— 7 OEREK 2.2 6iTR LT,

g —EvHERORE S, - URBEBHE, BERNERE (4E/MIN)KHE- TRAIC
BN 555, 45 (w27 A Tey b LA KEHBARSEEE KDL, 2R
BENFROED, 4 1.5%, 54 TMWT—EDTT &ML, -7, S GHEXHE L, BHKRE
51 NEEOBEENLRE > TRBEDEEEZ L, SGENE, ThEFOEE 2T 5,

—RFICH - T, HEER, —RRUIC—KROARTEMRE B0, T TRIVFHREDES
T, Mok bRicELEET S, 7, PHETHE, HEBOSHEEHRE TAVG OBROD
HRIC L DNO & S HELE T B, —H, BFEHETIE, SIS S P8 -0 L 3ERERIC—E
HEiib,

—IRAHMIBEOHEEIC> 0TI, v b LZRER, FEEsRSMTERL, Bk 5L~
SEEIY, T— L ZBER, JREONNERESEO LY, BbE A5, —REHABEEN
E|ET 3 9 NER—E L D,

SRR & F A, TAVGHSERNICATHMERICSH D, T OFREMB DTS20,
ETFLTb,

TDE S IHEESRE LIES, 77 Mg, FORATOS — vy RERINICERE L IREII
EHEOC, —EHNTEELRI ST EITHL D,

Table 2.18 Main Events and Annunciators in the case of Main Turbine
EHC { Electrical Hydraulic Control ) System - Loss of

Automatic Control

TIME EVENTS TIME ANNUNCIATORS
[MIN:SEC] . {MIN:SEC]
00:00 Operate to Increase Turbine 06:34 Rod Withdraw Limit
Load

Control Rods of Bank D
Commence Withdrawal

Reactor Power Increase

04:00 Failure of Card in the EHC
System Control Cabinet

Governor Valves Position
is Constant (Uncontrollable
by Automatic)

Turbine lLoad is Constant
Due to Be Controlled by
Governor Valve Position

06:34 Control Rods of Bank D
Withdrawal Limit
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TIMECHINS

Fig. 2.26 Transient Behaviors Caused by Main Turbine EHC
(Electrical Hydraulic Control) System-Loss of
Automatic Control
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3.1 HEEEBEHOHHESHREN
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WA EORESHA LB 0 & LAEEREROERFA AR 3. 1ic, TE N7 4 —
5 DELER 3 1R Lis 4, 3.1 0D 3FIANAREEIRETOENL, TD 4 FIBIZRES
ke SEREBFHEROEN AR LD TH S,

T35 b AR P IREED & &, BB LB O EEEI 0 CPS ( Counts “sec) TH 7
boh, 0BLEFFL, WIBTIXx10° CPS KFEdd, A—F«4AH 7y —DESLH
@mEQE%%EﬁLt%®?%%km,ﬁ&%&é<@t£&%bfwéomﬁiﬁ$m,&5@
DEETHE 2 OOBEBOHKEBEOELLR LI bDTH Db, £ 1 al—5 BRHRIEARTHE 1
XERFE LTV ADOTHRHEBORESRETAH], TOBERMNOLSBEHE LTS, 0BLDHE
faa R, # 18T DPM (DecardMin ) iKEL, TORMRL TOIKREL TV S, &
i, BHEEROESLHELARIEDEEEM 126D TH 51, HMERELOFTEEL 1
X10° CPS KHE< £ TOH 2 BEOBEREIC DS, 0.5 BEETH - et RIICZSE L
TEERLTO S,

L AR T EEER, STRAIN/IREBICS 508, HRERNREHEOEENS 0.8 8
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Table 3.1 Main Events and Annunciatcrs in the case of Source
Range Channel N31 Fails in High Direction

TIME EVENTS TIME ANNUNCIATORS
[MIN:SEC] [MIN:SEC]

{1) Shutdown, N¥Nc Startup in Progress

00:00 Source Range Channel 00:00.8 High Flux at
Fails High Due to Log Level Shutdown
Aamplifier Fallure Reactor Scram

(2) Reactor Startup in Progress

00:00 Source Range Channel 00:00.8 High Flux at
Fails High Shutdown

0G:00.8 Reactor Scram Reactor Scram
Turbine Runback

Rod Bottom



FRT TR TR RIS AT SR P RS SR

JAERI-M 83-081

Source Range
Detector Signal
[COUNTS/SEC]

Bource Range

Normalized

Audio Signal
[%}

Source Range

Rate Sencer

Signal -

{DECADES/MIN]

Deﬁe&tor Signal
FCOUNTS /SEC]

Source Range
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Rate Sencer
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Fig. 3.1

0.1
TIMECHIND

Channel N31 Fails in High Direction

Transient Behaviors Caused by Scurse Range
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Table 3.2 Main Events and Annunciators in the case of Inter-
mediate Range Channel N-35 Failg in High Direction

TIME EVENTS TIME ANNUNCIATORS
[MIN:SEC] [MIN:SEC]
00:00 Intermediate Range Channei 00:03 Reactor Scram
Fa}ls High Due to Amplifier Turbine Runback
Failure
Rod Bottom
00:03 Reactor Scram ‘ Turbine Trip
Auto Stop 0il to
Drain
Table 3.3 Main Events and Annunciatcors in the case of Inter-

mediate Range Channel N-35 Fails in High Direction

TIME EVENTS TIME ANNUNCIATORS
[MIN:SEC] [MIN:SEC]

00:00 Intermediate Range Channel 00:03 Reactor Scram
Fa}ls High Due to Amplifier Turbine Runback
Failure

Rod Bottom

00:03 Reactor Scram Turbine Trip
Turbine Trip Steam Dump Armed
gggam Dump Valve Position Tavg/Tref Deviation

Auto Stop 0il to

Feedwater Control Valves .
Drain

Fully Close
SG Level Exrror

00:30 Backup Pressurizer Heater
Oon 00:30 Pressurizer Level

High
01:05 Steam Dump Valve Position
0% 00:43 Exciter Field
Breaker Trip

Generator Trip

01:56 Tavy Low
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Table A.1 VEPCO SURRY-1 Design Data (at 100 % Power)

1. Primary System

PARAMETER DESIGN VALUE

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

1. Total Flow Rate 100.7*106 [LB/HR]

2. Effective Flow Rate for Heat Transfer 96.2*106 [LB/HR]
(4) Reéctor Inlet Temperature . 543 [°F]
(5) Reactor Outlet Temperature 605.8 [°F]
(6) Average Temperature

1l. in Core 577 [°F]

2. in Vessel ' 574 [°F]

{7) Total Volume of Reactor Coolant System 8.935*103 [Ft3]

(8) Heat Transfer

1. Active Heat Transfer Suface Area 42460 [th]
2. Average Heat Flux ‘ 1.911*105 [BTU/BR/Ft]
3. Maximum Heat Flux 5.341*105 [BTU/ER/Ft]
4. Average Thermal Cutput 6.2 [Kw/Ft]
5. Maximum Thermal Output ' 17.3 [Rw/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*105 [LB]
6. Number of Fuel Assemblies 157
(10) Fuel Rods
1. Number 32028
2. Outside Diameter D.422 [IN]
3. Diametral Gap 0.0075,0.0075,0.0085 [IN]
4. Clad Thickness 0.0243 [IN]
5. Cocld Material - Zircaloy-4
6. Fuel Enrichments 1) 1.85 2} 2.55 3) 3.1 [wW/0]
7 .Maximum Clad Surface Temperatur 575 [°F]

at Norminal Pressure
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Continued

PARAMETER

Fuel Central Temperture at 100% Power
at Over Power
U0, per Assemblies
Control Rod Assemblies
Neutron Absorber
Number of Rod per Assembly
Total Rod Worth (4K/K)

Effective Multiplication
(Beginnig of Life),Keff,Hot
Full Power,Xe and Sm Equilibrium

Boron Concentration to Shut Reactor
Down No Cocntrol Rod Assemblies Inserted

(Kef£=0.99) Cold
Hot

Kinetic Characteristics

Moderator Temperature Coefficient
Doppler Coefficient
Core Structure
Core Diameter (Egquivalent)
Core Height {Active Fuel)
Pressurizer

Ligquid Volume

Steam Volume
Pressurizer Operating Relief Valve
Number of Valves

Capacity

Openning Set Point
Pressurizer Safety Valve

Number o©of Valves

ASME Rated Flow

Openning Set Point
Pressurizer Spray Valve Openning Press.
Pressurizer Relief Tank

Total Volume

Stand by Water Volume

DESIGN VALUE

4050 [°F]
4300 [°F]
157

5¢ Cd,15% In,80% Ag
20

8.85 (47 Rod In)
1.09

1250 [PPM]

1240 [PPM]

[AK/K per °F]
+0.3%10 *to-3.5*107%
~1%10 Jto-1.6*%107°
119.5 [IN]

144 [IN]

780 [Ft>]

520 [Ft ]

2

Maximum 2.1*1055[LB/HR}
Normal 1.79*10° [LB/HR]
2335 [PSIA]

3

293330 [LB/HR]

2485 [PSIA]

2260 [PSIA]

3
1300 [Ft ]

900 [Ft>]



Table A.1l

Continued

PARAMETER

(21) Main Coolant Pump

)
1
2
3.
4
5

Number of Pumps
Rated Speed
Flow at 543°F
Design Head

Moment of Inertia

2. Secondary System

(1)

= W N
B . . .

O O = Oy A
. . - . .

{2)
(3)
(4)

PARAMETER

Steam Generator

Number of Steam Ge

JAERI—-M 83081

nerater per Unit

Total Heat Transfer Surface Area

Heat Transferred at 100%

Load

Steam Condition at 100% Load

Steam Flow

Steam Temperature

Steam Pressure

Feedwater Temperature

Total Length of SG
Total Length of 5G
Cverall Helght

Number of U Tubes

Secondary Side Water
Secondary Side Steam
Secondary Side Fluid

Narrcw Range

Wide Range

Volume
Vo lume
Heat Content

DESIGN VALUE

3
1170 [RPM]
33.57*106
280 [Ft]

4 2
7%*10° [LB*Ft"}

[LB/HR]

DESIGN VALUE

3
51500 [Ft°]
2.778%10° [BTU/HR]

3.506*10° [LB/HR]
516.1 [°F]

770 [PSIA]

430 [°F)

12 [Ft]
48.669
67.8
3388
1688.5 [Ft
3830 [Ft°]

45.53%10°

[Ft]
[Ft*IN]

3

{BTU]
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