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This report is oroduced as result of a site wvisit following
the incident on Beznau I which took place on August 20, 1374.

The cbject of the wisit wWas to make a rapid evaluation of
whether the conseguences of the incident weculd Jecpardize safety.
This report confirms the telex of juc. 28, 74 en this subject.

The scope of this repors, therefcre,. is limited %o a descriptic
of the secuence of events and of the damace cbserved tcgether
with a pessible exnlanaticn and &ssessment of safety issues.

It is not meant o be a comprehensive analysis of the eflects
¢f the incident.

II - SEQUENCE OF FVENTS BURING THE INCIDENT

-

Cn Aucust 20, 1374, a trip of cne of the CWo turbines on th

Bez znau I reactor followed Dy failure cf the steam cump svstenm:
to opera:e resulted in a reacsc SIip ané the cpeni ng ¢ th
pPressurizer relief valves. One of these valves subseguently.
failed to clcse and she extended 1

resulted in the Tupture cf the
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followine the incident Tevealed that =he
Y-

ief valve whiech

.4

pPressurizer re

damaced, as had scme cf the supports =c the pre

The secuence c¢f events, with tirzes where rnown, is recsnssructad

telow :
initial condisisns
Da.e : Aucuss 20, 1974 Time : 11.20 a.n.
Pressurizer pressure : 154 bar ?:essu:;:e: level : 50%
Pressurizer relie? =ank level : 30%
Pcwer outpust of turSccererater 1 : 187 MW (a)

" . ” . 2 : 177 MW (e)



Event

Disturbance occurs on the external gri
network.
TGl 'trips out on high casing vibratien.

11 hrs 20 min 07.8 sec Vibration causes low & p signal from

.
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23

hydrogen seal cil svstem.

+= steam éump‘ialves fail to open.
SG ste&m pressures rise.
Pressurizer pressure rises.
Pressurizer level rises.

11.9 Both pressurizer relief valves cpen.
17.8+ ~ =Turbotrsl of 7452 Crees into the emergency
mcde. '

23.0 One pressurizer relief vélve.clcses in

accordance with autcmasis Signal,
pressure ccocntinues =2 fall and level
continues to rise.
Pressurizer relief tank pPressure rises.
Pressurizer relief tank level rises.
TG2 power level falls then rises to an
overpower of 214 MW (e). '
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00.4 | Reacter ¢ sressurizer low pressure.
01.2 TG2 trips. '

SG steam zressures risa. ki
) SG water levels fall.

Pressurizer level falls.

03.5 Secondary sice safetv valves lifs.
13.9 Steam is formed in the RCS ret 1 ¢s and

remains cfi-s
A reasocnaktle
discharge cccurs tarsuch the oren r

valve.



Pressurizer

level falls rapidly as steanm
bubbles in RCS collapse.
Pressurizer re

ruptures.

1lef tank bursting disk

Pressurizer relief tank pressure falls.
Pressurizer relief tank level falls.
11 hrs 23 min 43.5 sec High containment pressure recorded
(peak 1.1 bar abs.). .
24 51.2 High containment temperature recorded
(§3.4°C).

25 17.8 High containment activity recorded
(17.3 mz/hz). :
32 14 3~== "8IS initiatad as Fressurizer level falls

: : to S%. - o
ressurizer lavel rises as SI was2r is ,
' ' added to the RCS. , g
SIS stopred manuallvy. ke

, Subsecuentl: Procedure begun to bring reactor ==

’ cold shutdcwn :cndi:zquusing the atz=os=-:
phoris gteam salia? valves. =8

Fig.. 12 shows zhe reccrd o7 Pressurizer osressure and lavel

transients followinc incident inisziasion. ' .

- - Lad = St hlas e Rl -~ e Tay T AT S mms mr m TN AN M S s e e
11X = TRANSIENT EAAVIOR OF MATN DPLANT VARIAZLES LUR_ NG THE ITMCYIDP

A turbine s$rip 4n a two turkine plant is eguivale
jecticn and no reactor trip should se initiated

stemg work correctly. Since in Seznau I she s
did not work at all, initially the main vas-iable

follows .

l. Steam Generater steam pressure rose (%o abous 68 bars) bus
not encugh in order to acstuaze safety valves.
2. Feecdwater flow, steam flow and stean generassr level cdecreased



3. The reac:or being in automas
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nuclear power
decreased. Vhen reactor was tripped after ascut 49 seccnrds,
it was at 76%.

4. Pressurizer pressure rose rapidly frem 154 bars to a maximunm
of 160 bars (pressurizer relief valves actuation) in about
11 seconds.

S. Reactor cooclant s stem average tcomperature rose rapidly fr-em

298.5°C to a maximum of 305.5°C in about 30 seconds. .

6. Cold leg temperature rose rapidly fzom 275°C tc 29C6°C, =hen
decreased to 240°C in 10 minus es, to 220°C. 1a next 100 minuces
and to 140°C in next 170 minutas., o

7. Pressurizer level rose from 50% £0. 67% in asout 50’ seccnds.
Due to the fast pressurizer Pressure increase, both pressurizer
relief valves were rapidly actuated. Their actuatisn tsek slace
almost simultanecusly. dcwever, it is very probable that the

valve actuated by the compensated pressure error sicn
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elaborated v a 2ID consr +ler) cpened scme seconds before she
ther cne due to the derivative term of the PID controlles.

.-

When pressura decreased below relief valves actuaticn se=
the valve directly controlled frem an uncemn nsated pres
signal éid not shut. This resulted in

of abcuz 0.7%

i approximazely 49 secconés.
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Reactor coclant system average te u decreased =9 about
285°C and pressurizer level £o 23% in abous ! minute a‘fsar
feactor trip. € this point pressurizer pressure had fallen

to hot leg saturaticn (70 bars). Subsegquently, hoes leg £flashing
resulted in an increase of pressurizer level until the pressurizers
filled about I minutes after reactor =rip, resulting in probable
liguid water discharce from the relief valve and bulk boiling

in the core. x Then the osperator iscldted the failed relief valve,
and pressurizer level decreased reaching the sctpeint (5%) for
safety injection actuaticn (safety injecticn is acsuated oy
€oincident low nressurizer pressure and level 35.I. sicnals) abou:
11 minutes after reactor trip. The system thnen starsed refilli
When pressurizer.level reached about 70%, safety injection pumps
were shut off manually.

The reactor was then brougnt ncrmally <o colé shusiown conditions.

IV = DAMAGE TO THE RELIEF PIPE RESTRAINTS AND SU202TS

toc the power relief valves comes cut of =4

2 2
Pressurizer top and runs directly down (versizal run of §.8 m) .

a
the flocor and the pige insulation exists. (Gap abcout 28 =m).

At the bottom ©f the ver?ical run there is a consale tyre
s

n

restraint. (Locatien 1l in
given in fig. 2. There is ccntact evidence, as shown on the
figure, but no damace.

5 A% 2 (2ie, 1)
This restrains limits motion ¢f the Pipe in a horizcntal direcsior
Perpencicucar o the pipe axis (See fig. 3). Scrazzhes an =he
shoes :ndiczacte thatz the pirfe movesd assus 25 == axially. The =cp
fart ¢f the insulatian is slighclv smasned (See 24¢ -3

solv oo
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The line then runs vertically dewn (2.77 m) and separates inro
twe branches each fNaving a stcp valve and a relilef valve.
Fig. 7, 8 and 9 shew the damace to the valve.

Examination of the pressurizer relief valve which failed to
close revealed that the ycke had broken off completely. Cne
arm of the cast iren voke had broken at the tep and the other
arm at the bcttom taking part of the yoke ring with it. The
top break showed the presence of a very larce flaw (inclusion).
All broken faces showed classic bristle failure together wis!
evidence that the faces had rubbed together following failure.
In addition it was reported that she valve spindle had been
slightly bent. This was rot observed since repairs had already.
been starsed.

Fig. 6 and 7 show the pedestal of the Suppeort -etween the swo
valves. Fiz. 4 is a sketech of the suppeort and decails the
damage. ) ¢

The darace correspends to a rotation of the pipe around a
horizeontal axis Perpendicular to the Pipe axis. Neo evidence of
translaticn has been founs. Cens

e

dering fig. 7, the back Sclcs

were strainecd much more “han the front cnes.

The bolts of the undamaged valve suprort have Lee
It was fcund that the Paint was cracked a: the he
No other cdamace could be found.

After the valves the two Sranches ¢f the #iPe dreo to the
lower Zloecr. fig. 10 shews the Penetraticn correspending o

the daraced branch.

At the lcocwer Zloor, =he restraint R4 (See fim., 1) Ra
0ff the floor (see cetail 8 £
ampesed on the frare Sy the bar of zhe fhancger pa

a 50 mm slet in the frame (See fig. 11).

sofees

o



Pestraiat RS, which is only a column Supporting a sliding shoe,
shcws a moticn of 70 mm as shown in f£.9. §.

The pipge then jecins a header and nesses throuch the flosr (R6 en
£ig. 1). There is evidence of 25 m» upward displacemens.

At the lower flecor the header has an elbow.
By a snubber. T.e bol:s fixing the snubzer
were found o -e locse. ;

V = EVALUATION OF THE INCIDENT

This evaluation covers the incidents

Moticn is restrained
to the concrete

effects anéd a

preliminarv estirate of magnitucde and prooatsle causes of damacge
tO the nmressurizer relies BSining and sucporss.
1. Comsariscn wish Zfesicn transients

This Beznau I incidens is similar to the

which aze normally considerad amnong react

design transients :

£a11 A ; ¢ &
twe Icllcewing incidents
o

eT cceclant svstem

.

= Loss of lcad (up to pressurizer relief valves actuaticn). ,
= RCS depressurizaticn (frem Sressurizer relief valves
actuaticn).
, .
from the standpoints of core sewer. neat transfers and systems
Pressures and temceratures, the reuncrsad inmcid ST is less severe
than the desicn transiencs considerad akcove.

The macgnitude and variasicn rate af =a temperature and gsrassure
Fans.ents resulting from the incident are ancesd fully ccovered

Sy the values useé for ecuipment desicn.

Flant variacle behavior during s=e sfanslent &id not rcesuls i

an uncontreolled or damacing situasisn, and the released acsivizy

’
s o) s s



rerained well hselow dangerous
systems

incident aveiding core and eculip

lip

LS.

Evaluasicn cf darace *o the pressuy

rizer reli

All

(steam generascr safety valves, reac:so
injection) werked Properly and were adeguate =g

- -

ex.ls

-
-

re

ment damage.

ting prote
Tip,

handle

sa:z

relief valves and SUNDOr:s.

The relief line “etween the pressurizer and the power relie?
valves is parsz of the reactor ceolant
therefcre is importans to.the safety ¢f the plant.

‘The one pover relief walve whiczh

-
-

in accord wish design intent

loss ¢f cocolans occurred.

The review cf she relief

line
reliel line supporss and the
PCV=-436.

The damage evaluaticn and

by

=N

sal

%

Sressure boundary and

ence

shcwed damacge

the cperatcr
appropriate relief isclaticn valve and h

clesing the

4=}

relief valve

ied to clcse was isclated

N0 uncentrelled

the

Prodable causes are treatad Lelow,

2) Disgussicn 2% _the_inciden: Zelazeg =S_cause_cf Zamace.
Examinaticn of the relief line and SUPBCrts alcng with =he
records of prirary reactor cSclant system pararecers leads
to the following cbservacions.

(1) It is probatle thas the oObserved damage to zhe supperes
is the resul: of nydraulis SAccks Irom a seguence cf
water and steam discharse through the relief lirme.

(a) The pressurizer rel:ias -ine Irom the relief valve
t0 the pressurizer can f:12 Wila ccongensate. This
iistance :is dPPICoXiractely 12 meters, a~i =an conta.l
a volume cf 0.08 =~. Crening of the relie? valves

ool sin

——



will cause a rap:id cischarge of the water. The
resulting dvnamics are cne ocssible cause cf zhe
Piping displacements coserved.

(b) Based upon the recorder zhars of pPressurizer water
level, it appears prebable that scme water discharge
occurred later in tre transient when the Prossurize:
was completely filled.. The records indicate that
this event could cnly have occursed aftar auteomatic
clesure of the uncaraced valve (PCV=455C).

Dynamics related o this event are another zessible
Cause cf the observed pPiping displacements and
support damace.

]

(2) It is not gessible frenm avallable evidence to pravide
cne secuence ¢f evenzs which unicuely explains she

cbserved results ¢f the transient.
€ is not cerzain thas =he valve damace was th
consecuence ci the sare hvdéraulic shock that resulsed
'
in the suppert damage. ; y
The cobserved secuence cf svent indicates that one ¢
likely scenario is as follows

(2a) The undamaced relies? valve, PCV=43
on tihe derivative corrensatzed pressure consroller

a few seconds befsre the second valve cpens

-~ » %, - s 3 -
(B) The wazer S-ug Icrred v cznde
2

team in the relief line is ) Tze.y dischargesd
throuch the undaraced valve Ye nete thas this

T A
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(e¢) The second valve, PCV-436, cpens on continued
fessure increase and the transient, combined
with the larce flav in the valve yoke resulss in
valve failure.

viith this hypothesis, there is no reason to expect
a hydraulic sheck hicher than in opening of the
first valve hence pipiﬁq displacement sufficient
to damage supports mioht net yut have occurred.
(d) The first valve closes autsmatically upen a reducin
pressure signal before pressurizer water level
reaches 100%. :

Wy

(e) Water discharge czcurs upen $illing the pressurizer
creating a subdstantial hvdraulic shock in the relieZ
line. Since the undamaged valve has alreadv closed

the resultant pipe displacement was most prenguncec
 in the porzicn ¢f line where the damaged valve is

‘located.

Other scenarios can alsc Se postulated, but none has

sufficient sucpers cf evidence =o rermis idensificaszien
©f a single secuence of events as the cause c$ coserved

damage.

(3) The events which lead to ¢
pressurizer and the secznd water discharse zthrou
the relief line recuired more =han a

w
.A.
e |
¥
PO
w
"
»
'
.l
4
"
w

(a) The failure of all the secocncary steam dump valves

(B) The failura cf zhe srassurizer reliaf valve s
close. It is likely znat such a failure would nos
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(4)

(s)

oll-

have cccurred
without
valve ycke.

Considering the

of about 60,000

the disk lif:s,
dynamic ef#¢

tc 80,000
this
ects.

This c*"scd a4 moment te he
resultire in berﬁirc of ¢t

©f the base.
typical of bricse
rubbing contacss a1

rose about 2,5 cm, the norm s

ith the broken vcke, the
Oynamic fcorces due to the
bedy may have czntributed

Appendix A calculazes ==
relief
ameng the mo

marginally cverss

check of the ?VC-435 valve

" 2 -
even wish an initial

force can be
The prescnce of
the arms cverss tressed that arm (area reduct
stress concentraticn), which caused

s
The broken me=a
le failure

Vil v

raulic sheeck,

'rno‘:
R

existence of a large flaw in the relief

valve PCV=-456 itsel?, when in the cgen
pesition, tiere is a spring force

producing a tensicn
in the ycke. When
arplified due =0
the flaw in one of
and

st tO break.

Vewtons

ien

with scme polishing cdue o
-ckn fFeparaticon. The veke ta:

oke ¢f the valve.

valve failed to close.

Sree moticn of =ke operazor

to damage to the suge

to show no defect, we canncet see any reascn to =hink
that the plan: weuld cFerate in unsale gssnédizicn wizh
the line in the gresent szisa. This Statement assumes
of course tha:z all :=e SUPESTT system of sne piping
will have :teen rezurned =5 i3 desisen esndision tefcra

the



sefone

(1)

(2)

To gain fursher assurance o
line we weculd :eéc:mend tha
of all welds near the fixed
the earliest cocnvenience.

the pressurizer nezzle, the
and the intermediate suppor

Plant cperaticn with cne pressu
closed off dces not presen:z a s
pressure reacszcr

-

STip and the p
provide the necessary sreotecstic
©f the reacter coolant sressure
The existence cf the pPower reli
unneécssa:y crening of the main

during cer+ain Plant desicon =ra

The safety inj
a reported t

injcc;eé water raised the

n the safezy of the

T a dye penetrant check
points be made at

The lcocaticns include
relief tank nozzle

ted or restrained points.

Tizer pcwer relief valve
afety problem. The high

Te@ssurizer safety valves

7 against overprassure

Soundary.

f valves is to prevent

code safety valves

nisients. : : '

ctioned nermally wish
ef 40 1l/sec. T=
urizer level Zrom 5% =2

75%. Assuring the injection watzer S0 Je inicially as
16°C and acx Spheric pressure in the RWST and S0 endéd up
in the pressurizer a: 283°C and 110 bars than the
quantity of water leaving the 2WST muss fave zeen azcus
10 m3. This would cause a decrease in RWET level c¢f
abocut 0.7%. The indjecticn tire would Se abcus 4.1/2
minutes asswrTing a consstans injecticn race.



(3) The reascn whv the turscarsl cear cf tuzbine 2 dropped
into the ermergencv mcde is nct e e
that the effect of this would te to lock the turbine
inlet contrsl valves in their last pesiticn. Thus the:
would no longer respond to changes in steam pressure.
This may account for the overpower excursicn exgerience
on turbcgenerator 2 just prior to its tripping.

(4) The failure of the stearm durp valves to cpen was
reported to be the result of a wrone wirine connecticn
which was not discoversd during sesting. The con
€ircuitrv of the steam dump valves had seen cut Ior
maintenance a:z scrme Previcus cdate. Zefore beinc put
Sack on line, the circuissv had seen =as-
halves. Fach hal?f wa

ed in swo
S checked indenendenctlv of the
other half and each nalf checrad ous satisfactorily.
A fault at the interface of she two halves <hus

rerained unrevealed. '
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1. The PiPing displacements and susgors camage which cccurred
have indicated the POSSibilicy that zhe Pressurizer relief
line was Marginally overstressed. The likelihcod is that
the displacements resulted from either discharge of a water
slug initially in the line or from relief of water when the
Pressurizer was corpletely filled.

The initial evaluaticn of stress was Ceduced from ohbserved
Support displacerents and supsert bols Stra.ns. As such, s
definisive indicaticn of PCssiZle stress levels with this
transient exists as Basis for an evaluazicn ¢f fatigue damace
for the entire PiPing lengta.

We would recommenc a dynanmic analvsis be pericrmed, considesr
at a

)

inizum the effects of =he Stear ceondensace
in the line. The force time Ristory funcsion can then e use:

: for evaluatien ef faticue damagce as well as the adeguacy of
festraints, '

2. The failure ©f the power Telief valve YCKe is msra Frobakle
due o the use cf casz~- s

e
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B
"
"
L
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$e
[
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[
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LA
0
O
be

impace nrorerties are PCor andg

feasizle ze Tmade o ascer=ain that no flaws oF SNLS tvre exis-s

-

s e/ e
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system to the steam dump valves

eliminate the possibility of un

The tes:t procedures followine maintenance of tne con

.
Ic.

o

should ©e rewritsen =o

l\'

revealed faulcs.

It would be useful =a provide means (i.e. 2 serarace alams

one actuated bHv the uncempensas
other bv the comnensated nressy
know if certainlv each oressuri
4 pressure excursicn.

ed nressure sicnal and the
Te error sienal) in crder to
zer relief valve opens during



APPENDIX A

Stress ard Carce Evaluation in she nise between valves

1..23am3ge_s2_she_supsoz

bt

The two bolts on the righc side on ficure 3 were strained
about 3 mm. The two bolts on the left side were also
Strained but only to the 20int of getting locse.

2:_Eyaluaczion_cf_she_momens

Bolt size : M10 - Shafs size (diamecer)

8.888 < d < 9,128 =m '
(Catalogue MARC-GZRARD - 1370)

. : F adi 2
Section (averace) = (8.833 - 3.128)° _ 6§3.73 nm '

+Assume Ior the belt material a yield stress of
°Y = 32 kg/mmz
Hence the mcment to strain the twe Solts is

M= 63.73%3222x.135 = 350.8 Xg.m

‘R
e
F
| Jés | R,
— |
| L
|
Y '
T T i
f ; T » ; |
- 3 | { | |
{ 1:.15 :.;' ¢35 ; ;ljil i—:L-: 5-" |
:' { B — '
480 | 483 26¢




-17 - ‘ A=2

If one neclects the effect of the surporss located downstreanm
of valve 435, one can write .he ecuation

135xl" = 135xnt
Knowing that axx.xas = 550.6 kgm
Henze T -.1430 13-4

It is felt that such a force is in the possible rance.

Stresses_in_the_pripe (Primary stresse< only)

Pipe : 3" sch 160

llence : OD = 3.5 in = 88.9 mm t= 1l.13

Bending modulus =

<lv4

W
ds
-4
-

» -
~1
P
o

Bending stress :

G oM _ .50.610
AT I/v " 7.7 160

Pressure stress (ASME III, Article NB 236 52)

-’
- Sa “9R8 o
g. = o200 o 164.8210 “=»88.9

P It 3% 11.13 = 6.57 kg/ma
Combination (Article MNB 36 52)
8 o 3 %f "y
3l ané 32 dre taken from table 3683.2-1
Bl = 5: = ]
Hence ® 6.87 + 11.67 & 18,24 ke/mm°



- 18 - A=2

S:.Allowable _ssrosses

SA 376 Grad: 116

b

s~ at room teme. = 20 ksi = 14 kg/uwz

s_ ac 650°r (=343°C) = 16.6 ksi = 11.6 ka/mm

Allowable stress = 1.5 8. (ASME III, article NB 26 S52)

1.9 sm = 21 kq/mwz (rocm terperature)
= 17.4 kg/mmz (343°C)

6..Conclusion for mriTary _stresses_in_she _cine

Since it anpears that hot fluid has been carried by the pipe
for a time of abcut 1 min, the hot allcwatle stress needs
to be taken. Then it anpears that the actual stress is
slichtly higher than the allowadle :

18.24 > 17.4 kg/n'm2

. It should be noted that the fiaure of 18.24 kf/mmz is a
minimum, since it corresnonds to the plastifizaticn of the
support (M = 5350.6 ker).

Bripazy_and |

The evaluation of secondary es (article NB 3652.1)

v
9
3 ®
o
"
[
it
‘
"
[

s
reaulires the knowledoe cf the teny gradients in
the pire. It was thus not nessible to evaluate these

stressaes.

. DZivasy 351
- ——

n
L}
(10
i

condibiieccias - - _—" 3 &
Buending roment 1
M= 1330% (385 = 2 (405 - 135) ke mm
-

~——



ly = A=-4

reducer 2% ® sch 140
OD = 2,875 in = 73.02 mm ts ,37%5 in = 9.52 mm
1 3 o 26.9 opd

- - }.64 in

Pressure stress = 2%89 = §.28 k"/xw2

Rending stress = T;V = 13.28 k;/mmz
Total stress = 19.56 kg/mm2

This stress should be considered more as indicative since

it depends s0 much on the assumpzion ¢f the force locaiion.

The same conclusion holds as for zhe cipe stress.
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Bolts

(6 total) :

liexagonal head

Damage = no general distortiun

= no rudbing evideucve
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NOX RF20RT ON REZMNAU ACCINDENT OF AUGUST 20, 1974
TRIP T™G-1/RFACTNR TRIP/SI/
On Auaqust 20, 1974 at 1l1:20 a.m. a trip on turbine TG-l

occurred resulting to high bearing and casing vibrations

(Bearine 6:60 )

At trio time, generator

Resulting from a failure of the steam cumn system to

operate, with the consagu

not oven. That resulted i

temperature, steam ocressur

pressure.

At 160 har of pressure
nressus relief valves

in t*. orimary. Ahout 10

the pressure

izer pressure relief valves were rasactuated to close.
2

to a disturbance,
in a lowerings of
1l minute. Reactor trinned

%9

sicnal (126.5 bar).

-t h
-1 gpeninqa

RCS

Due te

4
a1

prassure

minutes
£

cf the rel.e
valve 531, The w

operated

ce

..

ccenec,

hadéd reached such

valve PCVU=455,

RC3 nressure

ence %hasz

-
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<
-

a raoid

e and

Dressur

the primarvy,
lowering

E -

- - -

seconés
a low
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up

rasyl

level

e of coclant

s
anc

Level

the oressurizer
ranidly

valve

ctening,

S

that th

a
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2 was deliverina about 140 MvVar.

the relief valve did

Press

the pressur

Cue



Page 2.

SI systems worked normallv and ahout 40 litres per second of
water was soilled thiouch the four SI pumo nozzles into “he
Primary, causing a rise of pressure to 110 bars and a
further rise of level to 70 %. The ST npumos were then

turned off and the power operated valves of :ho spray pipings
were closed.

From that moment on, the pressurizer level could be controlls
throuch charging numos and release of steam, assunina the
orimarv to cool down.

About 3 minutes after tr=in, the containment oressure alarm
signal was actuated because of £oo high oressure, and 1
minute later the hich acst vity alarm. Maximum pressure in
containment reached 100 mbar over‘no:nal. The overators
activated the containment fan coolers. Since several

safety alarms ¢f the pressurizer relief Zank were on, it was
cuickly assumed that the rusture disc wa

-

5 broken and thats
the Aischarce channel was defectucus. After TG-

due to steam dum failure, steam pressure rose t0 66 bar.

The tucbatrol of TG-2 was actuatad
TG~1l trio. TG-2 was unrecular
Pesition of the control valve remained S
Pressure transient. The performances cf TG=-2 rose %o ahous

213 MWe due to higher steam pressure (rise from 52 bar

After TG-2 trio, follewina T@ACTCr trilp, steam pressure rose
to over 70 har, actuatinag tha safetv valves and thus lower
a

Ll
hSout A8 bhar.,




2.1. Reactcr Trino

2.2.

Reginning cf

incident

TG-1l main hreaker off
Pressurizer nressure low=-trid

Rpacto: trip breaker oven
TG-2 main breaker cf£f
SI actuation (pressurizer

Page 3.

il B -20* 12”
39,7" later
39,8" later
40,3" later

pressure and level low) 11'SS,3" later

Events as Recistered or Alarm Tvnewriter

TIME

11:18 TG~-1 power hich 135,5 Mvar

11:20 Allowable ©il1 =ressure
af TG-1 too lcw

11:20 Pressurizer pressur 158.2 har
high.

11:20 Pressurizer cressure 159.9 bar
high.

Reactor Trip.

11:21 Tavg RCS-A high 302 .2%C

1):21 team nr. uvstream of 66.3 bar
TG-1 stoop valve hich.

11:21 Tava RCS~-A hich 305.2°C

1)s21 SG-A steam cressure 87.3 har

ich.

11:21 SG=-8 steam oressure 67.2 bar
high.

i3:21 Steam pr. unstream of 77 .6 baz
T™G=1 stop valve.

di2 8l SG-A steam srassurs t3ed DEE
hiah.

1l:21 SG=A steam sressure 65.4 bar
hiah.

1li22 Safety oil nmressure of
TG=2 ton low.

11:22 Tave RCS=-A 285.2°C



2.3.

TIME

11:23
11:23

11:24
11:24
11:24
11:24

11:24

11:38
11:25
11:25
11:26
21:27
11:32
11:32
11:33
11:34

Secuence of

Steam pressure upstream of
TG-2 stop valve.

Pressurizer
temperature

Pressurizer
Pressurizer
Containment

Pressurizer
low.

Pressurizer
high.

Pressurizer

relief tank
higch.

level
level
oressure hich

relief tank leavel
relief tank pressure

-
calX

oressure

SG=A+B steam oressurss normal.

Containment

activity high

Locp B RCS flow low.

Containment
Pressurizer
Pressurizer

air temverasure hich
level low.

level normal.

Surge line temverature %oc low.

Pressurizer

Fvents for Pressurizer

levels hich.

i
3
L

‘U

"

b
wn

n

Paqge 4.

68.1 bar
62.8°C

79 %
88 %

1.1 bar abs.
20.2 §

0.59 bar

0.1l5 bar
63.7
17.3
8 %
$3.4 %€

6.8 %
18 &

271.1°%C
58 %

bar
mr/h

TIME

11 h 20'

I

11.1" Pressurizer pressure above ntrol rance.
b . Lo Pressurizer relie? wvalve.

A R Pressurizer relief tank oressure hich
23.0" Pressurizer reliae? valve lccked

23.0" Pressurizer nresstr?2 norma

231" Pressuricer relief zank level hich

28, 2" Pressurizer level hich.

33 .0" Pressurizer relief tank sressure =co hich.
a5 s O™ Pressuricer cressure under ncrmal.



TIMF

11 h 21' 00.4"

0l.2"

05.1"
13.5"

11 h 23' 27.6"
43.3"

43.5"

Pressurizer

Pressurizer
unlocked.

Pressurizer

Pressurizer
unlocked.

Pressurizer
Pressurizer
Containment

Page 5.

oressure low = Trio.
pressure low - SIS

relief tank level hich.
pressure low - SIS

level high = 1 channel &r:-
relief tank level tco hig-

preassure too high.

£7.1" Pressurizer relief tank level low.
11 h 24' 29.4" Pressurizer relief tank mressure norma
-5 (- Containment temoerasura hich.
1l h 25*' 17.8" Containment activity hich.
AVATYSIS OF THE CASSS NF ™2t INOIDENT
TG-1 trioned due %o hich casing vikrations, eso cially in
casinag 6. It had already been ncticed at TG-l was

sensitive to shocks. A

set to functicn under maximum effore,

suppeort a maxinmum of wvi

-t
-

s not unf

3
s 4
o

‘0
"

dumo A

-
-

-
ks

o
(13
0

in

3
R

howed that the voke

[ ) T 2
-
"

t th

brations.

z ‘9
aé ncrmally

the moment ¢f

ar ané woul

TG-1 was

$O that it coul
d neot have affacted =he
been actuated.

- = : e ~4 % - -~
ament alter orimary had ccelad dewn,
o | -y 4 = o ¥ ow - 3
tween the PCV=-456 valve hocusinc and
~ 9 < - : -~ & & -
and Probasly due 2 a dynamic effors
ol = ¥
€ ¢£ the valve.
) R 8 dosd .
sdsien 0 ¢lose and iniciater a
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Page 6

WATER COLLECT®D IN CONTAINMENT SUMP

Regen. hold up water Tank A 38 § - 100 % = 9.8 m3

Regen. hold up water Tank B 16 § - 36 % = 3,2 m3

Total quanlily of water collected ., w330 m3
Pressurizer relief tank 80 ¢ - 19 % - =11.2 m3
Water out cf system. = 1.8 m3

Since no further damage was noticed in containment, it
3 o
could be assumed these 1.8 m” of water were blown out.

Thermal Stresses in RCS

Beside a rapid water temperature rise of abcut 5°C
TG-1l tripoed, a rarcid primary oressure rise £ 1
to 160 bar, there was also an imocortant temperature
transient in area of SI nczzles. Hcwever, since the
reactor's main pumos operated all the time, thus mixing
cold snray water with hot coclant, it can he assumed thas
other components didn't underso hich temoerature sradients.
Furthermecre, nozzle temperature and stress remained wiszhi:
design limiss.

Damaces to Relie? Svstenms

3

Durine insnectien i

1 contalinment after cocling c¢f orimacy,
the following damaces in the oress
were cbserved :

= relief wvalve PLV 4356 : Mechanisn hroken on hota sides
and her+ smindle.

= One ancher acint of the relie® svssam ninine Aftar valve

- Relie: cank pressure disc broken. was locse.

- s : .
- -
FUrcier canaces .0 ccntainmen



Pace 7

It must be said that the relief tank is not designed ¢o
accent steam from the pressurizer for a orolcnced tinme.
The damaces to the relief valve is <herefcre a Zdirecs

cause to the breakina of the rupture disc.
Turhines

G-l

The cause of vibrations to the casina are most nrobanly
the stresses and shccks. The P sicnal from hydrcgen
seal cil svstem is due to casina vibrations.

Damages to the seal or casing are mest imorobahle.

TG=2
The cscillation from 172 Mwe to 110 MWe, and then %£2 213 Mue
suggested that the bolts cf the hich pressure cvlinder were

locsened and had lost scme ©f <hei

tension.
A too small stress was noticad, due to leakacs cf the
seals of the high pressure cvlinder. Due &0 too hish

rotaticnal mcmentum at 2135 MWe, the couvnling between turbine
and generator was clcosely controlled.

When reviewing the sequence of events, the failure ¢f <wo
syst :ms, narmely the steam dumo and the oressurizer relief
svstem, we came to the conclusion shat it 4id not brine

to an unconcrolable nor a damaagine situatica. Nuriag the

incident, no ac:ivi:y (in qas or licuid form) in the

(9]
e
®
(9
[
o
|
=
0
(8]
o
t
'
'
3
[+
<
'
17
b
o

surrounding area rea

b ol e 3 % *
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6.2.

6.3.

Page 8

be tried to see if the reculator can ce medified in order
to have a quick action.

Pressure Reculator

Tests will be made to see if the first row of impellers in
the pressure reculator of the turbine must not be reviewed
in order to limit power to 190 MWe.

team Dump Svstem

a) Revisions and calibrations shoculd =e made in ste

?‘o
£
e
&}

system (bDefore coening cf steam dumo valve.)

b) Studies will be made, to make mericdic contrsls of
steam durp while in operation. It shculéd hels to insure

hetter safety limits (for examole : unwanted omening of
steam dump valve).

€) A control tvpe writer linked %o the steam dumo wil
he installed in corder tc co ol the orcening of steanm

dume valves ané to check the zocd working of cil numcs.

inmg,
The oressurizer relief tank zusture é.sc muss be replaces.
2 ¥ 3
With these recairs start~uo shculid be possible.

TO see how the relief svsiam nicine can be Letter secured
and how Sheck at opening of relief valve can be avoided

are Sfurther measurss &£o he taxen.






