siment of arn Gener
- e

during a Secondary Side Accident

P, HERNALSTEEN
LABORELEC, Linkebeek, Belgium

The tube bundle of Pregsurizad Water Reactor (PUR) Steam Generators (5G)
been affzcted by numerous corrogion damapges, =1l over the world. One of
main problems iz Primary Water Strs orrogion Cracking (PWECC)
trangition of Mill Annealed (MA) In 00 itubes, mechaniczlly

the 8G tube sheet. Muliiple awxial cracks zre initiated from th

and grov rapidly through the tube wall 3 they further grow in 1

propagate OULSTde CE the voll transitions. This propagation co

sto opped by shot £ ingide d of the roll transition are
as pr esenLWy perfor B I merican planis.

The policy applie U oL tries, and presently proposed by

the USA Utilities (EPRI Report, 19920}, iz tc accept 3G @DQIELiOM with axial
Trough Wall Depth (TWUD) cracks below a maximum lengih (called “plugging
1imit™) which still provides adeguate marging against tube bursting. Tubes
reaching or exceeding the plugging limit must be either plugged or repaired
(aleaving).

Hovever another saiety resuﬂm fr he 8G primary to
secondary leak rate in 8 ndary gide sccident.
Bacavze of the larger asgocliate fferantial %@uru, wimal operation
leak rvate could be con bly i 2ad to an excessive radio-
active release to the » envir i 3 consideraiion may resuli in
more tube plugging/repair than dictated by the gtruciural plugging limit.

Tils paper describes the » pilistic methodology developed by LABORELEC
to provide a direct assessment of SG leakrate under accidemi conditions

|

2 PROBABILISTLC ASSESSMENT OF 3G LBEAK RATE UNDER ACCIDENT CONDITIONS
Operation cf an 8G with a large number of (close to) through-wall cracks
raizses a p@Lential concern of leakage duving :
. Nermal operation.
. Accident conditicons (the highest differential pressure being associaied
[ Break - FYLB).

with a FeedWater Linz B
A gimplified deterministic model for leakage from an axial crack in s pres-
surized tube iz given by :

0= KS /2 &u/p
SMIRT 11 Transaciions Yol. F (August 1991) Tokyo, Japan, © 1991
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The four ifirst disg P ’e vag wnile
last one rssulis from the "erack propagation pradiciion maden previgusly
developpad by LABORELEC (Hernalsteen F., SMIRT 10y 19389 .
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ch@d@h b PrOgran,
2 1. N API ienied on a
al £ - LABOL! LEARrate
QHGLLDTStcem P., orglec Revort W0O0-9! —@2?/P—Hu9 199205 .
As illustrated by Fig. L, the program calculates resulting probability
digtribution functiong for
. Flow S*r &3 ﬂkub
. Crach the tubeshest ifect (cl, CL).
> The @f the current operating cycle
( (ml, ML) ; thiz iz based

the previgualy refersnced
of cyele (BOC) inspection

assumed shape
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5 LABOLEAK PROGRAM USES

The program is curvently ussd to perform parsmetric and sensitiviiy studies
of the degraded S5C under accideni conditionsz.
Results are typically printed out as illusgiraied by Tig. 2 combining

. & summary of all input data.

. A plot of the lesk raie disivibution ameng the various crack lengih cate-
gories, with indication of the totsl leak raie.

. A comparison ploi between the espected crack length distrib
of cycle) and the critical crack length dist ibuti@ng wi

-
=
[CR =
[C =R
B O
e g
e
—
5]

Tube Rupture, in ¢
ution, allowing to

the resulting probability of having a SG
. The plot of the total 5G leak rate dis
degign value for any predefined coni
The available resulils confirm that,
PWSCC, the "best estimate leak rate"
expecied.

N

o

6 CONCLUSIONS

On the basis of the statisztical analy mount of gcourate ins-
pecition data, @WDl@T’L' d extensiv ield an boraitory experience, a
COMPULEr Program ] . s besn developed for e probabilistic assess-
meni of 3G lezkrate under accident conditions.

This tool is used to perform safetiy evaluationsy to verify the adequacy of
the tube plugging limit and to support the long iterm vepalr/replacement stra-
tegy of siteam generztors afiected by PVWSCC in the tube roll transiti

This methodology has drawn international interes i hag

¢t and in, part lcular
been adopted by ithe Mechanism Specific Defect Management (LSDM3 mmltteeg
conducted by the U.8.A. Electrical Power arch Ingt
a Uvilities propogal for tube i ; i
¢ within the latter context b
to make it svailable to all U.5. Utilit

RT Rm'ﬁ»cvtn 1990)
n@ JA 0‘EA& RLOgran

._s

tg - Technic

o

Lim

EPRI report NP 6864~L (1990). “PWR SG Tube Plugging
Support Document f@_ EBxpansion Zone PW3ICCY

f‘C]

Hernalsteen P., (1989) "A Predictive Model for Steam Generator Degradaiion
Through BPWSCC in Roll Traznsitions™, Transactions of the 10th Internaticnal
Conference on SMIRT, Anaheim, olaD pp. 183-182.

Hernalsteen P., (1990) "LABOLEAK" : Laborelec Leakraite Probabilistic
Assessment Program for PUSCC Cracks in Steam Generater Tube Roll
Transitions - User’e Manual, LABORELEC Report M00-90-023/R-PH.

Harnglgteen P., {199 ) "LABDLEAR" : Laborelec Leakrate Probabilistic
Azsessment Program for PWSCC Cracks in Smcam Generator Tubs Loll
Transitions - Description and Validation, LABORELEC Report MO0O-S0-024/R-PH.
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