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A Doviation Analysis Report (DAR 037) was initiated in October 1980 and an
investigation vas conducted to determine the extent, nature and significance of
these indications.

It vas generally agreed that the fissuras were the result of the veliding
process and would not lead to fracture or failure of the structure. There vas
also little likelihood of stress corrosion cracking cf the stainless steel
because of the lov temp.rature and benign ervironment. Metallographic
examination disclosed that the indications were intergranular fissurey in the
heat affected zones of the stainless sterl cladding. The cladding is A/SI type
304 stainless steel with a carbon content of 0.049 to (.,076 percent. Altheugh
the stainless material was found to have a larye amount of carbide precipitated
at the grain boundaries as a result of heat treatment folloving ciadding,
evidence indicated that the fissuring resulted from hot cracking during welding
rather than by corrosion. Analysis using the design loads indicated that the
fissures would not propagate to a critical size by fatigue nor would they
initiate fracture in the structures. The potential for corresion of the
sensitized stainiess was found to be emall because cf the relatively low
temperature in the suppression pool. However, crevice attack on the underlying
carbon steel at unrepaired fissures wvas consideved a possibility.

Because opinions differed about the future behavior of the existing
microfissures, their potential corrosive effect on the underlying carbon steel
and vhat mitigating action(s), if any, should be taken, a monitoring program
vas instituted. By letter dated May 31, 1983, the Cleveland Electric
I1luminat.ug Company (CEI) submitted a plan of action which outlined the
Suppression Pool corresion monitoring activities that would be taken, and the
proposed corrective actions to be taken should crevice corrosion occur in the
cladding fissures adja ent to veld seams in the PNPP suppression pool wall.

The monitoring was des‘ _ned to evaluate the potential for crack propagation and
the possibility of detrimental effect on the pool wall. The efforts included
periodic visual examination of the suppression pool wall, installation of
surveillance specimens in the suppression pool for destructive examination and
initiation of electrochemical potential (ECP) monitoring of fissured and
nonfissured areas of the pool wall. 0.2 037 was closed in July 1985, atter the
monitoring program was put in place.

Since its discovery, extensive research has been performed t» acsess the
stainless steel cladding sensitization condition of the PNPP suppressicn pool
valls. Intense effort and ingenuity was required from a wide spectrum of
disciplines to develop an essentially custom-made pregram for the
‘nvestigation, from which a significant amount of data was accumulated.
Furthermore, the inplant monitoring of this problem has evolved to the point
vhere conclusions can be drawn and steps taken to update our current action
plan. A synopsis of the theory involved, the mechanics of the program
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conclusive considering that the estimated capability of the e}ectr?chemical
monitoring system to detect active cracks is of the order of 5x10°° cm/s
(C.25 inch/year).

Surveillance Specimen Program Description

Due to the uncertainty of the sensitivity of ECP monitoring in this no ol
application, a surveillance specimen program was also instituted. Pre-fissured
specimens of clad steel were exposed in the pool and removed at intervals for
metallographic examination. Archive specimens were alsoc examined
simultaneously for comparison. Actual specimens of the suppression pool wall
were not available for the program, making it necessary to prepare them from
virgin clad steel. The pool wall material was duplicated and welds similar to
the ones in the pool wall were made.

Producing cracks in the cladding proved to be quite difficult but was finally
achieved by using a sodium thiosulfate procedure. However, this could only be
accomplished with the aid of a corrosive environment and increased stress. One
sample of the finished product was destructively examined to determine the
extent of the cracking that had been induced by this process. The cracks were
intergranular in nature, restricted to the HAZ, ran parallel to the fusion
lines and extended to the stainless steel nickel interface.

Specimen Results

Surveillance specimens were removed from the pool twice for metallographic
examinations by scanning electron microscopy. Archive specimens were also
examined at the same time using identical t< hnigues. The first specimen was
removed in 1987 after more than two years of exposure in the pool and another
two were removed in 1989 after four years of exposure. In both sets of samples
the results for pool and archive samples were essentially the same. All had
crack progressions highly branched with a number of defect indications (veids!)
at the nickel flash/carbon steel interface. However, ‘here was one difference
between the two sets, Cracks propagated into the carbon steel for both pool
and archive specimens in the first inspection, but did not penetrate into the
carbon steel in any of the second samples.

In light of the above, crack behavior at the nickel flash is worth addressing.
The g neral belief of all investigators was that cracks would be either stopped
or deflected at the flash and the carbon steel .ould remain unaffected. This
was generally true for the actual failures of the suppress.on pool wall. In
all of those examined, there was only one "reported” instance of a crack
penetrating the nickel. This was by Newport News Industrial Corp. of Ohio
(pool installer) in their first report on the fissure problem. However, the
sample could not be produced upon Perry's reguest and no such condition was
ever found in any of the examinations made by other investigators.
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