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Analysis of Mihama-2 Steam Generator Tube Rupture(SGTR) Event

(Preliminary Analysis)
*
Masashi HIRANO and Jiancheng SUN

Department of Reactor Safety Research
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken

(Received April 1, 1992)

Preliminary énalyses were performed for the SGIR event which occurred
at Mihama-2(Westinghouse 2-loop PWR, 500MWe) on February 92, 1991. The
analyses consisted of the transient thermal-hydraulic analysis and evalua-
tion analysis of pressure vessel integrity during PTS{Pressurized Thermal
Shock) event.

The objective of the former analysis was to obtain better understand-
ing of the event by reproducing the thermal-hydraulic behavior during the
event as close as possible. The analysis successfully reproduced the
overall behavior of the major plant parameters such as the primary system
and secondary system pressures, pressurizer water level and so forth by
adjusting the discharge coefficient for the break flow so that the cal-
culated scram time could agree with that at the event.

The objective of the latter analysis was to evaluate how severe the
event was from the PTS point of view. As a result of the analysis, it
was shown that the temperature decrease of the pressure vessel material
at the downcomer was mot large and therefore there existed sufficient
margin for the propagation of the initial crack at the inner surface of
the pressure vessel, even though a hypothetically large initial crack was

assumed to exist.

* Visiting research engineer from Shanghai Nuclear Engineering Regearch

and Design Institute from March 1990 to February 1991.
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£42 KETOCAZ - FERWTERINAEFTBEEREOY (BEMEESZF » 7R
WIETFTLAESIcaRBER L ZBR/DOTHTREZ

Table 8 Critical Fast Neutron Fluence
for Assumed PVTS Events*

Assumed RCS
Temperature pressure, Critical fast neutron
drop, kg/cm2 Muence, 10'° fast

°C : (psi) m:utrons/cm2
10 105 (1500) 2.77
- 176 (2500) 1.43
—a 166 105 (1500) 0.62
176 (2500) 0.43

*Assumptions: PVTS involves an instantancous RCS
temperature drop and a sustained high RCS pressure;
vessel weld contains 0.35% copper and has a preexistent
longitudinal crack as deep as 15% of vessel wall. Under
such coincident conditions the vessel is computed by
OCA-2 to fail if the indicated critical fast neutron flu-
ence is accumulated.
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OPERATING EXPERIENCES

Table 2 Identified PYTS Events Classified by Severity Categories*

Date ol cvent Reactor Nature of event Remarks or consequences
Severity €
{-22-74 Oconce 2 RCS pump seal failure No information
6-20-76 Zion 2 Water hammer Stilor 15
7-13-76 Oconee 3 ICS design; spurious decrease Pawer increased 3% during 2
in FWin2s spurious decrease in FY demand: at
<0.1 min T, dropped
1-20-78 Salem 1 Operator error in maiching RCS pressure dropped fram 152 1o
pump speed 142 kg/cm?
12-6-78 Cock 2 Faulty drain valve on 5-A RCS T,,, increased
healer crealed unstable FW
cantrol
3.14-79 Millstone 2 LPSI suction air binding SDC iost; Mlow acluated by operalor
from RWST; temperature increased lo 93°C
6.3-79 Arkansas 2 AFW valve would not close No consequence because redundant
valve worked
10-24-79 Farley | Error in replacement of a card No consequences
11-9-7% Indian Point 2 One SG blowdown isolation No consequence because redundant
valve failed to close valye worked
2-4-80 Connceticut Yankee Spurious signal caused PORY RCS pressure decreased [rom 142 to
and MOV o open 140 kg/em?; arrest in 2 min, na Sl
4-256-80 Surry | Maintenance crror Gravity flow {rem RWST; spurious Sl

signal; accumulator water release
into RCS, pressure increased from
1 to 6 kg/cm% wrong jumper caused Si

5-26-80 Sequayah 1 System foperalor error Pressurizer heatup rate at §4*C/30 min
ti-i7-80 Beaver Valiey | Operator crror S1
3.29-81 North Anpa | Operator errer during 51
maintcnance
4-23-81 Salem 2 Yalve inadvertently opened 5i
4.29.81 MeGuire | Maintenance crror Falsc signal to 5!
5-7-81 McGuire | Ope<rator pushed wrong butten Both 81 and charging pumps were
tagged ouUl; no consequences
6-27-81 Salem 2 FW pump trip Si; BIT decreased to below 20 000 ppm
7-23-81 Cook ! Cold water surging into Heat up of pressurizer exceeded 56°C/h
pressurizer
Sererity 1
2-22-74 Indian Point 2 Accumulator stop valves RCS pressure increased from
opened during testing 10.5 kg/em?and 61°C to 39 kg/em?
and $6°C
12-30-74 Zion 2 FW control valve closed duc to Sl for <30 =
break of crimp connector
10-3-75 Cook 1 S1 lollowing reactor and 3.4 m’, 3 min, AT = 9°C
turbine trip duc lo spuricus
signal
5-25-76 Zion 2 Water hammer Sl for §0s
6-20-76 Zion |} Fals¢c Sl signals duc to Stfor —~20s
water hammer
9-24-76 Zion ] False SI signals caused by SI for 2 min
water hammer
10-28.76 Trojan Operator crroz in adding Si — 04m?!
chemicals too fast
12-21-76 Zion 2 Rcal T, low duc 1o boron SIfor 90 s
inlcakagec and false HSF
caused Sl

NUCLEAR SAFETY, Vol, 24, No. 4, July- August 1883
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OPERATING EXPERIENCES

Table 2 {Continued)

Nature of ereat

Remuarks or coasequcaces

Date of erent Reactor
1-2-78 Beaver Valicy |
1.24-78 Beaver Valicy |
9-14-78 Zion 1
3-20-79 Zion |
9.6-79 Trojan
10-19-79 Oconee 3
1-29-80 Calvert Cliffs 1
2-15-80 Turkey Point 4
4-15-80 Davis-Besse
4-26-80 Surry |
9-3-8C Zion 2
10-14-80 Crystal River 3
t-1-81 Morth Anna 2
3-30-81 McGuire |
4.23-81 Scquoyah !
5-7-81 Zion 2
5-28-81 Zion 1
6-3-81 Salem 2
1-11-81 Cook 2

12-13-75 Cook |

6-1-76 Cock |
7-5-76 Cook 1
8-4-77 Salem 1

12-21-717 Zion 2

‘Table continucs on next page.)

Severity 1 (Continued)

Falsc SI signals due to Ne. 4

vilal bus failure and operator crror
Leaky pressurizer spray; cold

AFW caused Sl

False S signals due to water
hammer at hot shutdown

False SI signal following RT

Main steam valve open due 1o
operator pulling wrong card
from controi

Operator opened cross-connect
valve {in mode 6)

Spurious high-pressure signal
on maintenance; PORY opencd

FW control valve stuck; MSRY
liftcd during hot shutdown
Loss of Lwo buses during
celd shutdown
During first SI, valve cycled,
letting in water from RWSETh
second SI due to eperator error
Water hammer following
RT and AFW start
Fuse failed while channel |
in test node

Overboration and bleed; steam
dump valve fziled to close
S1 during fucl loading due
to mainlenancec crror
First SI in mode 3, caused
by high stcam Mow plus low
Taugt second S in mode 2
caused by Ap belween SGs
False SI signals duc to
faijed inverter
False SI signals duc to
faiied inverter

Stcam dump following RT
due to high SG level

Opcrator crror in using excessive
FW MNow Lo raise SG level

Severity 2

False signals due 1o
maintenance
Loss of vital bus caused
[alse S1 signals
Falsc signals to S1 possibly
duc 10 master relay driver card
Pump spced increased when put
from manual to automatic
Power decreased due 10
baren inlcakage

No information

Sl for ~2-3 min; no other
information

Sl

S1 for 2 min
51 (no information on
duration}

Excessive makeup flow in
cold shutdown

Pressure dropped (rom 18
1o 12 kg/cm?

No drastic change of
temperature in RCS
AT = 17°C [rom 60°C;

St = 132 m?
Pressurc of accumulaters

dropped to 8.4 and

21 kg/cm’. respectively
51 for | min

Sl = 0.9 m% ap = 3 kg/em?
(from 154 10 141 kgfem?)

AT < 11°C

81 by RHR pump orly: no
significant amount of water

First S1 for 2-3 mir; no
information on secand Si

No information -

Nuo information

81 caused BIT concentration

10 violate Technical Specifications
RCS lemperature dropped

below 283°C

Sl for 7 min, 8 m?,
AT = 12°C
Si for 4 min, AT ST 11-17"C

Sl 2.3 mY, 4 min

AT = 20°C: 8p = 4.6 kgfem?;
t = 2 min

RCS temperature decreased
1o 282°C for 90 s

NUCLEAR SAFETY, Vol. 24, Na, 4, July-August 1983
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OPERATING EXPERIENCES

Table 2 (Continued}

Remarks of coascquences

Date of crent Reactor MNature of ereat
Severity 2 (Continued)
11-27-78 Salem | Recovery from RT caused by S1 for 3 min
vital bus failure
12.2-78 TMI-2 Operatar crror pinned open Sl for 2 min
FW valve
9.20-79 Beaver Yalley | Bus failure caused first SI; Mo information
operator error caused second S1
12-2-79 Farley | Atmospheric dump [ailed RCS temperature dropped to
to close 277°C for a fow minutes;
operator blocked valve
1-19-30 Cook 2 OF due to manual change AT = 11-17°C
from AFW to FW Ap = 1 kg/em?
5-23-30 North Anna | False SI signals due 1o foss Sl for 5 min
of vital bus
6-3-80 Surry | False SI signals duc Lo loss First S1 duc to HSF and low
of vital bus {rom lire T vy sccond Sl due o
faulty signal
6-8-80 Salem | False S1 signals due 10’ Two main sleam pressure
lightning transmitters failed
10-2-80 Sequoyzh 1, event FW flow OF duc 1o inadequale AT < 22°C for z few minutes
1 {(mode 1, 10% power} scaling of flaw control
] during manual eperations
10-2-80 Sequoyah i, event Samc as above Same as above
2 (mode 2)
7-3-81 North Anna 2 Fire alfected feeder cables AT =22°C
Severity 3
10-12-70 Connecticut Yankee Steam dump valve stuck open AT = 24°C in 9 min
10-20-73 San Onofre FW regulating valve caused OF AT = 43°C in 10 min
10-31-73 Ginna Transmission disturbances; Sl AT = 47°C in 10 min
12-8-76 Calvert Clifls 2, FW control difficulties AT = 22°Cin 10 min
cvent 1
12-8-76 Calyert Cliffs 2, FW control difficultics AT =28°Cin 10 min
event 2
5-28-78 St Lucie 1 Bypass cantrol valve stuck AT =33°C
12-14-78 Oconee | Short circuit related to ICS RCS pressure < 1035 kg/cm?
1-29-80 Arkansas 2 Stcam dump and bypass valve RCS pressure — 95 kg/em?
2-23-80 North Anna [ Falsc SI AT =~ 23*Cin 15 min
4-3-80 MNorth Arna | SI duc to MS stop valve AT = 40°Cin 15 min
tlosure.
1-29-81 Robiason 2 Letdown line break; pressurizer 17-23 m?SI
spray leak; Si
4-23-81 Salem 2 Sicam dump valve usced to 5 min of SI
control cooldown
Severity 4
10-1-72 Surry 1 SG leaked >56°C/h
11-5-72 Raobinsen 2 PORY stuck open S1 fer 87 min
1.4-74 Oconec 2 Exccssive auxiliary >56°C/h
sleam use
4-17-74 Fort Calhoun FW regulating valve AT — 67°Cin 19 min
tluck apen
10-7-74 Rancho Seco Excessive suxiliary stcam usc 56°C/h
5-1-7% Robinson 2 RCS pump seal failure 500 m* lost

NUCLEAR SAFETY. Vol, 24, No. 4, July- August 1983
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OPERATING EXPERIENCES

Table 2 (Continued)

Date of cvent

Retarks or consequences

6-13-15

9-19-76

3-2-77

4-16-77

7-2-77
3-20-78
4-23-78
12-27-78

1-5-79
3-1479

3-28-79

9-25-1%
11-10-79

2-26-80

10-17-80

9-14-81

Reactor Nuture of eveat
Sererity 4 (Continued}
Oconee 3 PORY stuck open

Zion 2

Crystal River 3

Crystal River 3

Indian Point 2

Loss of d—¢ power caused

RCS temperature ™ 249°C,
pressure = 51 kg/em?
AT = 39°C in 30 min, §]

RT but not trip of sleam-driven

F¥ pump

1CS caused transicnt on
loss of power

FW valves caused OF

RCS pump seal failure

Rancho Seco Loss of NNI caused transicnt

Three Mile island 2 Steam reliel valves stuck open

Arkansas 2 Stcam dump and relief
valves stuck open

Rancho Seco Short in [CS caused transicnt

Millstone 2 Cold water from RWST
flooded RCS

Three Mile [sland 2 Loss of FW and PORV
stuck open

North Anna ] Steam dump valve stuck open

QOceonce 3 Overleeding due to turbine
bypass valve

Crystal River 3 Loss of NNI caused
Lransicnl

[ndian Point 2

McGuire |

Reactor vessel cxposed to
river water {rom outside

Overcooling during
loss-al-control-room test

AT = 91°Cin 15 min

AT =~ 56*C in 20 min

AT = 78*Cin 1.1 h
AT = 172°Cinlh
AT = §3*Cin é min
AT = 59°Cin 52 min

AT = 13*Cin T min

AT = 81°C at low pressure
Corc melted

AT = 61*Cin 16 min
AT = 83°Cin 15 min

AT = 71*Cin 13 min;
S1 repressurized RCS
Nine feet was under river

waler for extended period
AT = 65*C in 20 min

*Abbreviations:

AFW Auxiliary feedwater, RCS
BIT Boron injestien tank. RHR
FW Fecdwater. ) RT
HSF High stcam flow. RWST
ICS Integrated control system. SG
LPSI Low-pressure safety injoction. Sl
MOV Motor-operated valve. sDC
MS Main steam. !
MSRY  Main steam relicf valve. Tove
NNT Monauclear instrumentation. ap
OF Qverleeding. AT
PORY  Power-operated relicl valve,

Reaclor coclant system.
Residual heat removal.
Reactor Lrip.
Recirculaling waler storage fank,
Steam generator,

Safety injection,
Shutdown cooling.
Duration of trznsient.
Average temperalyre.
Differential pressure.
Differential lemperature,
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Fractional crack depths and
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1/1 1 ] 0
b c Z 0.02647 6
3 0.05588 11
4 0.07641 14
5 0.10147 16
6 0.1500 17
7 0.20147 19
8 0.2500 21

0.3011 23

10 0.40147 25
. ) 11 0. 5000 27
] 12 0.60012 il

13¢

14 0.70735 34

15 . 8000 37

16 0.8500 37

17 0. 9000 37
‘/I. 4Cylinder has a 172-in. ID x 189-in. OD

n bused fnternally in OCA-I.
Kilal = 20 0 63; K[ (o, al CNot used.

i=1

Illustration of stresses along crack line in uncracked
cylinder and application of unit load to crack face.
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