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February 9, 1984
JPN-84-10

Director of Nuclear Reactor Regulation
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Attention: Mr. Domenic B. Vassallo, Chief
Operatiang Reactors Branch No., 2
Division of Licencing

Subject: James A, FitzPatrick Nurlear Power Plant
Docket No. 50-333
Induction Heating Stress Improvement (IHSI)

References: 1) NYPA letter, C.A. McNeill to T.E. Murley,
dated July 22, 1983 (JAFF-83-0769).

Dear Sir:

During a short outage scheduled for early March of this year, a
demonstration of Induccion Heating Stress Improvement (IHSI) will be
performed at the James A. FitzPatrick Nuclear Power Plant. This
cutage is teintatively planned to start on March 2 and to end on

March 12, 1984.

As presentiy planned, the IHSI process will bec applied to eleven
(11) welds in the reactor water recirculation system. Table 1 lists
the number, type of joint, pipe diameter, stress rule index, carboa
content and EPRI Damage Index for the affected welds. These welds
are identified on Figures 1 and 2 which are simplified iscumetrics of
the FitzPatrick recirculation system. The stress rule indices and
carbon contents have been factored into the EPRI Damage Index
calculations along with variables such as post-weld grinding and
plant thermal cycles to give & guantitative measure ot possible
future IGSZC. The welds were selected on the basis of equipi2nt
ac-essibility and their future susceptipility to IGSCC.

The object of this proposed demonstration is two-fold: to obtain
plant specific information on the effect of IHSI on possible
pre-existing IGSCC; and %o evaluate the usefulness of IHSI as a
plant-wide IGSCC countermeasure. It is also expected to reduce the
susceptibility to IGSCC of some of the most vulnerable welds. The
first goal is a direct recult of the experiences other operating
plants have had with IHSI. That is, post-IHSI ultrasonic testing
revealed suspected IGSCC indications that were previously not
detected or were evaluated as weld/joint geometry. MOI
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A pre-IHSI and post-IHSI ultrasonic examination will be perrormed on
the sample welds. It is planned that both of these inspections will
be erecuted by the same tecnnicians using the same equipment and
procedures. In this way any changes in ulirasonic indicatiuns will
be more clearly defined and interpreoted.

Because the sample is heavily weighted towards welds most
susceptible to IGSCC, and in light of the extensive inspections
performed during last summer's refueling outage, it is the
Authority's view that in the event of discovery of IGSCC
indications, additional inspections would not need .o be performed
during this outage. Any indications of IGSCC will be evaluated for
impact on piping structural integrity and, if required, will be
repaired. Discovery of IGSCC during the examinations performed
during this March's outage will be considered in selecting the
sample size for inspection during the next refueling outage,
schedu.ed for early spring of 1685.

One of the welds selected for treatment by IHSI is the distribution
manifold end cap in which IGSCC was discovered as reported in
Reference 1, Attached is an analysis performed by Structural
Integrity Asscociates to determine the impact of IHSI on this weld.
This analysis indicates that no crack propagation is expected to
occur during the induction heating of the pipe, and that the tip of
such a crack would experience a negative or compressive stress for a
depth of up to 70% of the wall. Note that the depth of this crack
was determined to be no more than 20% of the pipe wall, which, even
if doubled for conservatism, is well below that depch at which
residual stresses become tensile. Performing IHSI on thiec weld will
help clarify the effects of IHSI on the ultrasonic detectability of
oipe cracks while enhancing the resistanc= of this particular welded
joint to future crack giowth. Finally, if this demonstration of
IHSI confirms the feasibility for full scale application to the
large diameter ctainless steel piping, implementation would be
tentatively scheduled for September, 1984.

1f you have any questions, please contact Mr. J. A. Gray, Jr. of my
staff.

Very truly yours,

{,// L l‘;{ ¢{< »y

J.P, Bayne v
Executive Vice President
Nuclear Generation

cc: Office of the Resident Inspector
U.S Nuclear Regulatory Commission
P.O. Box 136
Lycoming, New York 13093
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Stress Rule EPRI 2
wWeld No. Joint Type Nominal Pipe Diameter cs Index Damage Index
12-4 Swecpolet-pipe 12" .070 1.8 2.13
12-9 ! Pipe-elbow 12" 070 1.53 1.13
12-15 Sweepolet-pipe 12" .050 2.02 3.16

2~23 4 Pipe-safe-end 12" .044 1.59 1.22
12=75 Pipe-safe-end b o .057 1.53 1.14
12-76 Plpe—c ilow 12" .079 1.84 2.03
12-77 Pipe-olixw 2" .070 1.67 1.41
11-78 Sweepo let=-pipe 12" -044 2.28 1.04
22-22 Pipe-end cap " .079 0.98 C.95
28-44 Pipe=-safe-end 28" .058 1.06 0.87
28-49 Pipe—e ibow 28" .053 1.36 1.15
28-106 Pipe-safe-end 28" .051 1. 6 0.69
25-107 Pipe=-clbow 28" 0.52 i.N 0.80

) Altermnate welds to be substituted 1n case of accessibility problems.
2) Values after seven years of operation.
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Mr. David Sancic

New York State Power Authority
123 Main Street

White Plains, New York 10601

Subject: IMPACT OF IHSI ON POTENTIALLY CRACKED PIPE WELDS AT FITZPATRICK

Dear Davs:

This letter report addresses several guestions you raised regarding the
upcoming IHSI sampling program planned at Fitzpatrick. The questions arise
due to the fact that IHSI will be performed on one weld with a known, IGSCC-
like UT indication, and several welds which, although not cailed out to be
c¢rezked in the recent UT examinatior program, did contain some "geometric"
inc.cations, and were identified as potentially susceptable to IGSCC by the
Structural Integrity (SI) Associates damage index evaluation (Reference 1).
This report summarizes a substantial hody of data (References 2 and 3)

which exists on the impact of IHSI on cracked or potentially cracked welds,
and addresses it to three potential concerns at Fitzpatrick:

1. To what extent will the IHSI residual stress improvement be realized
in welds which are already cracked?

2. What will be the effect of IHSI on.predict:d IGSCC crack growth,
(such as that reported for end cap weld 22-02-2-22 in Reference 4)?

3. Is there any potential for propagation of existing cracks during
the IHSI process?

NDetails of the SI review in each of these areas are presented below. In
summary, the preponderance of analytical and experimental data, both in the
U.S. and Japan suggest that IHSI is effective in producing a deep, compressive
residual stress field in the vicinity of existing IGSCC in pipe welds.
Incorpcrating this residual stress field into fracture mechanics based

IGSCC crack propagation analyses (such as Reference 4) results in highly
compressive stress irtensity factors, even [or crack depths of up to 60

or 70 percent of the wall thickness, from which it can be concluded that
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IHSI treatment of existing IGSCC should promote crack arrest under operating
condition lcads. Finally, analytical as well as destructive metallographic
evaluations have confirmed that no crack 2xtension occurs during an IHSI
treatment. Som= data have shown, however, that changes in UT amplitude can
occur either as a result of operational variables or changes in UT reflectivity
as a result of the IHSI process. It is noteworthy, however, that where such

UT reflectivity changes have peen observed in the laboratory, they were

not due to physical growth of the defects, but rather were due to a change

in crack tightness or acuity, such that it produced ' UT signal change.

RESIDUAL STRESS IMPROVEMENT

The effect of pre-existing defects on IHSI residual stress improvement was
studied by both analytical modelling and experimental 2asurements (X-ray,
strain gage and magnesium chloride) as reported in section 5.1 of Reference
2. Results of the analytical modelling are summarized in Figure 1. This
plot shows through-wall axial residual stress distributions in a 26-inch
diameter pipe as a function of crack depth (a/t) for a pre-existing 360°
crack. The plot shows that the magnitude of compressive stress and the depth
or the compressive zone actually increase with craclk depth for depths up

to 40 percent of the wall thickness. Experimental confirmation of this
analytical prediction is illustrated by Figure 2, which is typical of many
such strain gage residual stress measurements reported in Reference 2.

This plot represents data on a 4-inct pipe weld which was precracke~ by the
pipe test technique and then given an IHSI treatment. The strain gage
resi“ual stress measurements were also borne out oy surface residual stress
measurements "n pre-cracked pipe using X-ray defraction and boiling magnesium
chloride techniques. The later tests were particularly noteworthy in that
they produced transgranular cracking TGSCC on the cutside surface of the
pipe, in which tension is predicted after IHSI, but none on the inside surface
(see Figure 3).

Analytical modelling performedin Japan (Refereice 3) for 12 inch diameter
pipe, precracked up to 25 percent of the wall thickness yieldeu essentially
identical results as the GE 26 inch pipe results discussed above (see
Fignre 4), IHI also performed magnesium chloride testing of a pipe with an
EDM notch in the weld HAZ, both with and without IHSI treatment. As illus-
trated in Figure 5, cracking at the notch was experienced with no IHSI,

but not at the IHSI treated notch.

Tne above analytical and expsrimental results confirm that IHSI is effective

in producing compressive residual ctresses even in the presence of pre-
existing IGSCC in a pipe weld.

EFFECT ON PREDICTED IGSCC CRACK GROWTH

GE used the above analytical residual stress data as input to a fracture
mechanics formulation to determine crack tip stress intensity factor as a
function of crack depth. The results, for a 26 inch diameter pipe, are
illustrited in Figure 6. The predicted stress intensity factor is increasingly
negative for crack depths up to 60% of the wall thickness. This result

should be sufficient to counteract any positive stress intensity factor

STRUCTURAL
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data due to applied loading, and effectively negate any further propragation
of the crack.

SI has incorporated an expectecd post IHSI residual stress pattern into our
crack growth analysis of the Fi::zpatrick end cap weld 22-02-2-22 (Reference 4).
The results, illustrated in Figures 7 and 8, are similar to the GE results
described above. The crack tip stress intensity factor for residual and
applied stress is negative for cr~ack depths up to 70% of the wall indicating
no crack growth. Thus a substancizl improvenent is predicted over the pre-
IHSI crack growth results of Reference 4.

Finally, experimental crack growth cata cn pre-cracked, IHSI treated pine
obtained using pipe test methodolog” are reported in Reference 2. These

data indicate a slight improvement :n time to failure versus non-IHSI

treated pipe (See Figure 9), but =he degree of improvement is not nearly

as dramatic as that predicted by -..2 above analyses. The reason for this
apparent discrepancy is that the >ipe test methodology is not a good one

for testing residual stress improvements such as IHSI. Pipe tests are loaded
significantly above expected serv.c2 loads to accelerate the cracking phenomenon,
and the subsequent yielding overwhelms any apparent benefit of IHSI. In
order for pipe tests to adequately represent IHSI, they must be conducted

at lower loads, which results in much longer failure times in non-IHSI
treated piping, and extremely long (bordering on impractical) test times to
demonstrate factors of improvement associated with IHSI.

It is thus concluded, based on analytical results, that IHSI of pipes con-
taining pre-existing IGSCC, should promote crack arrest, and that the GE

pipe test data, although not substantiating the magnitude of this claim,

does not contradict it.

CRACK PROPAGATION DURING IHSI

Extensive analysis and testing, both {7 the U.8, and Japan have been condu.ted
which demonstrates that the IHSI process in itself does not prepagate pre-
existing defects. The elastic plzstic residual stress analysis reported in
Ref'erence 2 was further examined -0 determine the maximum strain excursion

in the innermost vicinity of the crack~tip. The resulting stress-strain
history is illustrated in Figure 0. This figure does not exhibit nearly
enough strain to produce ductile tearing or other forms of crack extension

in a material as inherently tough as 30+ stainiess steel. Similar analytical
work conducted by IHI in Japan [Reference 3] demonstrates that the maximum
crack-tip opening displacement [CTOD. during the IHSI process is well below
the critical CTOD value for crack extension.

These analytical results are borne out by extensive destructive metallurgical
examinations of pipe test specimens reported in Reference 2. In these tests,
specimens were pre-crac<ed, IHSI trea%ed, then destructively examined.
Metallurgical examination of several such specimens si.owed no evidence of
crack propagation in any mode other than intergranular stress corrosion,
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which is positive eviderce that IHSI did not propagate the pre-existing
cracks in these specimens. An interesting by-product of these experiments,
however, is tha fact that IHSI did appear to chinge the UT reflectivity of

the cracks in some cases. This phenomenor is illustrated by Figure 11 in
which there was a substantial increase in UT ampilitude (> 40% of full

screen height) in a precracked weldment befor: and after IHSI. GE did ex-
tensive investigations of (7 operational verianlies, crack morphology, and
actual crack size of these soecimens from which they concluded that the IHSI
process, while not causing auv physical cracy growth, may affect the crack
tightness and acuity such thai it wil: nproduce a UT signal change.

I hope that the absve infcrmation satisiies your licensiny/internal review
needs for the upcoming IHSI outage, Pleases ~all if you have any questions
on it or reed our assistance on Any oLaer aggert of the job.

: ']
v r yfgg;Zs,,'
/ : :

Peter C. f¥cr ardella
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