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pansion Zone
P. HERNALSTEEN

Laborelec, Liunkebeek, Belgium
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tc 10 Z/cyele, the percanitage being tsken with respect to the torzl tube
bundle (as illustirated by Fig. 3 for 2 Belgian SG).
The reason for this unexpecied evoluiion is unclear ; whether the "new"
cracks were inltisied before or aiifer peening iz zlse an uarzsolved issus

3.3 Decreasing the enviremment agressiveness

An effective way to reduce aggressiveness
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of TWD axial defects, seversl experimenta ava

various countries, with rather large dis th

(from 20 to 50 Z, according to a recent com is

clesrly vesulting from somz non represent Tory “Li 8.
& recent verification program conducied qwev More w@@r@teLLatim
ve conditions {(nc sealing for the test Spe Tﬂﬂ flavs, mads possi-
ble by the uss of a high pressure, high Elavr ate estxmg ity) allowed to
identify the reliable data and to remove excessive congem ref, 4).

5.3 Leakage limit

Leakage is a consideration for both Normal Operation (WOP} and for postulaied
accident conditions.

opergiion limiy

Even plant e g
PWSCC ex D@fLLﬂCg bLl Im

G»A

33}
—
i =

racord of

In fact age @ 1
known popu kg, T O
laboratory The &1 3 the
tight PWSC imarv m {« cipitates).

Thiz deiracits somewh from mﬂe raliahillLv of the Le Brealk {(LBE)
approach wh een advocated by zome countriss Lormance
of 100 2 & 8. Bven reducing the alWGu ed level e
leskage (d for some french nlanig) cammot resi of
absolute ¢

Anyway i ugging limit is reguired ioc Limit NOP leakage.

Another safety velated limitation may resuli 5CG prima
eak rate in cage of ostulated 1 rgc scm@ﬁualy glde accidan
rger zgsocliar iferentia al eral
be conzliderably i saged { £ ih

and lead to z2n excessive radicact 2

consideration may resuli 1
plugging limit,

Az 1t does not appear pessible to establish a
service leakape, no exirapolation can be per
conditions.

|
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One possible approsch iz the uwse of a p modal
reci assessment Of 58G l=ak raite under acc cng. Tk h@‘@1ogv
consisis in & gtochasiic combination of ¢ 1 dist lons azsumed
for each of the cwwcributing parameters. listr ng {as for
mechanical W@pcrtiesc tube gecmetry, cracl eritain .) are
approximated by Gaussian curves while the ck len stribution
{ai the end of the next operation cycle) propa prediciion

model®.

Surh a program hag bee
used in Belgium for param
the Iuruhe_ safety analys

bv AAJGBFL?C and iz now
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cig in excess of ithe plupging limit ar

from service {plugging) or by repairing

iz to restitute a resistant and/or lsalk
transition aresz.

CthO LLb@Sg i.e. tubes with def:
ither by removing them

ve of repalr methods
gs the cracked roll

=a ( [

Plugs zre instzlled in boith tubz ends by varlous expansion technigues, which
unaveldably lntroduce high residual stress fields in the plugs. Pirst
generation plugs ofien made from Inconel 00 TT ¢ a la ﬂgc number of L @n
are nov observed by PYSCC and large scale lacement (by Inconel 690
LT) ated Blugs are often of the Wx@mUVﬂ1V type, thus

[ a
g of 5G thermal ewchange surface, through

6.2 Repair technigues with structural zapability

eeve9 of corrosion

!
ord tube both above
of
o
azi
- welding by TIG or hnigues.

The most critical pa?ﬁ of a sleeve vepair assembly is the original itube
section just above tn; LWOCL end mLdehnﬂl Ucc use of the key combination
of the 3 unisvorable factors (unchanged medium sggressivensss, unchanged
meterial susceptibili iy and new field of idu91 SLrRsSses).

For long lasting repairs the upper ﬁnd esidual siress field must be either
redua;d @T izolated from the mrimary waier. Tmi
- for by 1 stress reliseving heat

bv a prior nickel plat

When pn@pg 91@ eving provides an

which, 1 4 5] t technological 2 QL

two blgﬂifiC&Lt shoricomings

- poor inspectability of the uppsr end zttachment,

- poor repalr sccessibility to higher elevationg, should it be required by
other tube corrosion problems (such as ODSCC at the supp a2s levelg).
$.3 Repalir technigues vithout structural capability

The only such techni 1 vailable iz nickel plating. It is
considered as a a ) n the nickel layer is applied across an
alrezdy cracked sectien, thus restoring leakiighiness in the case of already

THD cracks.
The thin (typically 0.1 mm thick) nickel 1 T
giruciural strength ; thos the method iz only applicable
i ng re

i
i ibeg with an
accepiable residual sir

engih, i.2. not having r ‘ a plugging limit.
Most of the field applications have been zchieved im Belgium, on Doel 2
(part depth rolled S5G) since 1985 and Deel 3 (full depth rolled 8G) since
1988. ¥For the latter case, a key consideration wae the verification that ihe
PWSCC, bepesih the nickel laysr would indesed no wore prepegate in lensth
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HERNALSTEEN P, %A tive Model for 5G )egrﬁeatwow th gugh PYSCC in
Roll Transitions® EMIRT 10, vol 0, p. 183, Anaheim

TPWR 3G Plugging 7Lo° Technical Suppoerit Deocument for ZZ FWsCCw,
EPRT report NPGSO4, December 1980. N h
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Processing Steps Year Methodology / conciusion
Problem detection and 1983 RPC {prototype )
characterization PWSCC
Dedicated Sample Monitoring 1984--1987 RPC {improved )

Preventive Methods (davelopment 1984 Heat treatment / Peening
gimpementaﬂon 1985 Shot Peening { Framatome )
Specific Plugging Criteriz
Structural  ( development (1920 ) fo87| R.G. 1121 (- interpretation )
Eimplementa"[ion 1088 14 mm plugging fimit { RT )
Accident Leakage 1989 —=- Probabilistic { LABOLEAK program }
Dedicated 100 % Inspection 1988 - RPC { optimized ) ; 2 days/SG
Repair Methoos (odevelopment 1984 1987 | Nickel Plating { Kiss—Sleeving )
E,mp[emeptat,on 1988 Lasar Sleeves { W) -+ Nickel (F)
Adjusted Sample Monitoring 1989 — 100 % RPC + UT (repairs }
Repair / Replacement Strategy 1987 - 1988 | Frediction model SG degradation
1989 - 1990 | Technico—economical assessment
1920 Replacement decision
1993 Replacement schedule

PWSCC prablem management / Doel 3 case history

oogL. 2
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