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1.0 INTRODUCTION

As part of the 1988 refueling outage, Commonwealth Edison
Company's Quad Cities Unit 2 Nuclear Power Plant performed
ultrasonic (UT) examinations of IGSCC susceptible piping welds,
A total ot 157 weldments were ultrasonically examined during the
current Quad Cities Unit 2 refueling outage. These included:

® 66 welds and 14 weld overlay repairs applied in previous
outages which were the initial examination scope, and

® 77 additional welds which were part of the expanded sample

or post-MSIP UT examinations.

A total of 47 welds in the core spray, residual heat removal
(LPCI), and recirculation systems were stress improved using the
mechanical stress improvement process (MSIP). Furthermore, all
new weld overlays in the recirculation system will be surface
conditioned and UT examined this outage in accordance with tae

EPRI developed techniques.

This report (Volume 1) documents the disposition and repair of
flaw indications found by the above examinations [1]. In
particular, the evaluation of flaw indications and the design of
weld overlay repairs are described in detail. All flaw
evaluations and weld overlay repair designs were performed by
Structural Integrity Associates, incg. in accordance with

NUREG-0313, Revision 2 (2].

A total of six welds in the 28 inch recirculation system piping
were evaluated as being acceptable with flaw indications without
repair for at least one additional fuel cycle. As-welded
residual stress distributions [2) were conservatively employed

for these flaw growth analyses.
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Standard design [2], full structural, weld overlay repairs were
designed for each of the eleven 12 inch recirculation riser
weldments with flaw indications, and for two locations in the 6
inch RWCU system piping. Commonwealth Edison Company elected to
repair all flaw indications in the 12 inch and 6 inch piping,
with the above standard design weld overlay repairs.

In addition to the flaw evaluations and weld overlay repair
designs, Structural Integrity Associates investigated the flaw
indications found in previously IHSI treated welds. This
discussion is also included in Volume 1 of this report.

Volume 2 of this report will be issued after all weld overlay
repairs have been completed. It will include as-built weld
overlay dimensions and the disposition of any flaw indications in
weld overlays. The results of a system shrinkage stress piping
analysis for the recirculation and RWCU piping, from weld overlay
shrinkages, will also be documented in Volume 2. The results of
this shrinkage stress analysis will be compared to the bounding
shrinkage stress of 1 ksi assumed in Volume 1 for flaw

evaluations in 28 inch recirculation system piping.
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2.0 DESIGN CRITERIA

The requirements for flaw evaluations and the design of weld
overlay repairs are defined in NUREG-0313, Revision 2 [2). Flaw
indications are evaluated, and the analytical bases for repairs
are in accordance with the requirements of ASME Section XI,
IWB-3641 (3] as specified in NUREG-0313.

2.1 Flaw Evaluation

Flawed pipe analyses were performed by Structural Integrity
Associates on 28 inch pipe weldments with flaw indications.
These evaluations, for disposition of the flaw indications, were
done in accordance with NUREG-0313, Revision 2 [2]. Crack growth
in the length and depth directions was treated by the methods of
(2], For the purpose of predicting crack growth in the depth
direction, a 360° circumferential crack was assumed, along with
as-welded residual stresses and a bounding weld overlay
shrinkage-induced stress of 1 ksi. The time required to  row the
flaw from the maximum reported 1988 depth to the allowable size
in accordance with IWB-3641 for shielded metal arc welds (SMAW)
was calculated, and compared to the duration of a fuel cycle (18

months) .

Ssustained stresses for the crack growth analyses included
pressure, deadweight, thermal, overlay-induced shrinkage and
as-welded residual stresses, to be discussed later in this
report. Applied primary and secondary stresses for the
evaluation of allowable flaw sizes, in accordance with IWB-3641
(3] for SMAWs, included pressure, deadweight, OBE, thermal and

overlay-induced shrinkage stresses.
2.2 Weld Overlay Repair

Wweld overlay repairs are considered to be acceptable long term
repairs to IGSCC flawed locations if they meet a conservative set
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of design assumptions to qualify as standard weld overlays as
defined in NUREG-0313 [2]. The two principal design requirements

to qualify a weld overlay as a standard weld overlay, and

therefore IGSCC Category E, are:

I The design basis flaw for the repair is a circumferentially

oriented flaw which extends 360° around the compcnent, and

is through the original component wall. This conservative

assumption eliminates any potential concern about the

reliability of the ultrasonic examination to size flaws. In

addition, concerns about the toughness of the original butt

weld material are not applicable, since no credit is taken

in the design process for the load carrying capability of

the remaining component wall ligament.

2, Following the repair, the surface finish of the repair must
be sufficiently smooth to allow ultrasonic examination
through the overlay material and into a portion of the
original wall. The purpose of this examination is, in part,
to demonstrate that the repair thickness does not degrade
with time due to continued flaw propagation.

In addition to the requirements of Reference 2 , the requirements
of the Structural Integrity Associates Technical Specification
§1S-88-001, Revision 0 (4] apply to the application of weld
overlay repairs at Quad Cities Unit 2. This document defines the
technical requirements for the application of weld overlay
repairs, and also specifies inspection requirements for the

in-process and completed repairs.

As required by ASME Section XI, IWB-3640 [3], pressure,
deadweight, and seismic (OBE) components were considered in the
evaluation of the weld overlay repairs. Thermal and other

secondary stress components were not required to be addressed,
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since the toughness of the original butt weld material is not a

concern for a standard weld overlay, and since no credit is taken

for remaining ligament in the original component wall.
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3.0 ANALYSIS

Flaw ~haracterization (by UT), stresses, flaw evaluation and weld
overlay repair design results are presented in this section of
the report, for flaw indications found in piping welds during the

1988 outage.
3.1 Flaw Characterization

During the 1988 augmented stainless steel examination program at
Quad Cities Unit 2, flaw indications requiring evaluation
(disposition) and repair were identified in the recirculation
system 12 inch and 28 inch piping, and in the RWCU 6 inch piping.
These UT examination results are summarized in Tables 3-1 (for 28
inch welds to be evaluated for acceptance without repair) and 3-2
(for 12 inch and 6 inch welds to be repaired by weld overlay).
Details [1] and the results of previous UT examinations are given

in Appendix A.

The reported flaw indication lengths and depths shown in Table
3-1 were employed as starting crack sizes to be grown to

allowable flaw sizes in accordance with NUREG=0313 ([2]. The
crack depth was assumed as the maximum reported depth for the
entire 1length. Although the cracks were grown in depth by

assuming a 360° circumferential crack, the cracks were also grown
in length (in accordance with [2]), from the initial length in
Table 3-1, for comparison against IWB-3641 allowable flaw lengths

and depths.

The reported flaw indications in Table 3-2 for 12 inch and 6 inch
pipes are not relevant to the weld overlay repairs for these pipe
welds, since 360° through-wall cracks are conservatively assumed

for the original unrepaired pipe in tl.e standard design basis [2]

overlay.
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3.2 Stresses

Applied stresses for the pipe welds shown in Tables 3-1 and 3-2,
were computed from the pressure, forces and moments [rom the
system strese reports (5], conservatively using the minimum wall
thicknesses shown in Tables 3-1 and 3-2. The stresses employed
in the 28 inch pipe flaw evaluations and the 12 incth and 6 inc.
pipe weld overlay designs are summarized in Tables 3-3 and 3-4,

respectively.

The general equation used to compute deadweight, thermal and

seismic (OBE) stresses is:

2 2.1/2
y 2
Z

where: ‘
P Axial force, local coordinates
MY' Mz = Bending moments, local coordinates
A = Pipe cross sectional area
Z = Pipe section modulus

Using the above equation, OBE stresses were computed for the x, y
and z global coordinate directions, and the maximum stress in
either the x or z direction was added to the stress in the y
direction absolutely, to obtain the OBE stress in the same manner

as in the stress report (5. The effects of stress
concentrations (e.g., stress indices or stress intensification
factors) are not included in these stresses (2], since the weld

locations are considered to be removed from stress concentrations

(such as elbow crotches) and are under the influence of nominal

pipe stresses.

Several conservative assumptions, aside from using tae pipe
minimum wall thickness for calculating stresses, were employed in

arriving at the stresses for flaw evaluation and weld overlay

SIR-88-018 3=g ‘(%‘
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repair design. Axial pressure stresses were computed using the
conservative thin-wall pipe formula:

= PR
el :
where:
p = Design pressure, 1250 psig for recirculation discharge
and RWCU, and 1150 psig for recirculation suction.
R = Pipe outer radius

t = Pipe minimum wall thickness.

Use of a more exact pressure stress equation gives axial stresses
significantly lower than above. Furthermore, in advance of the
completion of weld overlay application and the corresponding
shrinkage stress analysis, shrinkage stresses of 1 ksi were
conservatively assumed for flaw evaluations in 28 inch
recirculation piping. Shrinkage stresses in this piping are
likely to be significantly less than this enveloping value, based
on the analysis performed after the last outage (6], which gave a
maximum repair shrinkage stress of 0.424 ksi in 28 inch pipe.

s law Evaluations

A summary of the flaw evaluations performed for 28 inch
recirculation system piping welds is given in Table 3-5. All
fracture mechanics evaluations were done using Structural
Integrity's pc-CRACK computer program (7], and following the
procedures of NUREG-0313, Revision 2 [2]. All flaw irdications
in the six welds evaluated are acceptable without repair for at
least another 18-month fuel cycle (13,140 hrs.). The minimum
calculated 1life, to reach the flaw acceptance limit, is
approximately 14,000 hrs. for weld 02BD-F8. Details of the flaw
evaluations follow, and are given in Appendix B, for the six

welds of interest.
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The circumferential flaws in Table 3-5 were conservatively grown
(7] as 360° cracks with an initial depth corresponding to the
maximum shown in Appendix A (summarized in Table 3-1). Crack
growth was in accordance with the following law [2]:

da/dt = 3.590 x 10~ % g 2+161

where:
da/dt = crack growth rate, in/hr.
K = stress intensity factor (2,7)

Weld residual stresses were conservatively assumed as
"as-welded" and were in accordance with the fourth order
polynomial given in ([2), but were curve-fit to a third order
polynomial for use in pc-CRACK [7). Excellent agreement for this
curve-fit is demonstrated by the example in Figure 3-1. Third
order polynomial coefficients for both suction (1.203 inch thick)
and discharge (1.359 inch thick) 28 inch pipe welds are given
with the pc-CRACK runs in Appendix B. As mentioned, bounding
repair shrinkage stresses of 1 ksi were assumed for crack growth
(and flaw acceptance limits). Pressure, deadweight and thermal
stresses from Table 3-3 were added to the above repair shrinkage
and weld residual stresses to compute K for the crack growth
predictions. Crack length was grown in accordance with
NUREG-0313, Revision 2 (2], including multiple crack effects for

weld 02BD-F8.

The times predicted for the 360° cracks to grow in depth from the
initial size to the final allowable size are summarized in Table
3=5. The allowable sizes are computed by pc-CRACK (7] and are
based upon the ASME Section XI IWB-3641 table for SMAW welds.
These allowable flaw size calculation results are also given in
Appendix B of this report. It can be seen in Appendix B that the
allowable flaw depch depends on the flaw length, as a fraction of
the pipe circumference. Growth of the flaw in the length

ASSOCIATES INC



direction was performed in accordance with [2). For example, the
multiple flaw indications in weld 02BD-F8 are grown in length so
that the flaw aspect ratio increases as a multiple of the
increase in predicted flaw depth. This growth in length has the
effect of approximately quadrupling the crack length for each of
the three 3 inch to 3.5 inch flaw indication segments. The total
flaw length, as grown, is greater than 30% of the pipe
circumference; thus, a 360° flaw length is required ([2] to

compute the final allowable flaw depth.

For the computation of final allowable flaw sizes in Appendix B,
the tabular solutions [7] from IWB-3641 (3] are employed, and are
slightly more consecrvative than the source equation solutions
permitted by IWB-3642 [3]. Stresses are taken from Table 3-3,
with the primary membrane stress equal to the pressure stress,
the primary bending stress equal to the deadweight plus OBE
stresses, and the thernmal expansion stresses equal to the thermal

plus repair shrinkage (1 ksi) stresses.

3.4 Weld Overlay Repairs

Volume 1 of this repcrt documents the weld overlay repair designs
for the 12 inch recirculation riser and 6 inch RWCU welds, as
summarized in Table 3-6. Details of these designs are given in
Appendix C. Volume 2 of this report will include "as-built"
overlay dimensions, as well as a repair shrinkage analysis to
evaluate the influence of these overlay repairs on piping
stresses. These repair shrinkage stresses are of particular use
in evaluating the flaw indications in 28 inch recirculation pipe
welds, which were accepted for another fuel cycle without repair.

As discussed in Section 2.0 of this report, standard design basis
(2] weld overlay repairs were designed for flaw indications in
eleven 12 inch recirculation risers and for two 6 inch RWCU pipe
locaticns. As shown in the repair drawings for the 6 inch RWCU
piping in Appendix C, in one case a single weld overlay was
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employed to cover two adjacent butt welds and a plugged location

where a sockolet was removed. The stresses from Table 3-4 were
used to design these full structural overlays, with the primary
membrane stress equal to the pressure stress, and the primary
bending stress equal to the deadweight plus OBE stresses. Again,
these designs are in accordance with the methods of NUREG-0313,
Revision 2 [2] and Section XI, IWB-3641 tables [3] using pc-CRACK
(7). The minimum design width of the 360° overlays exceeds the

dimension 1.5 yRt, where R is the original pipe outer radius and
t is the original pipe wall thickness, except where piping
component geometries justify less width. Details are given in

Appendix C.

In accordance with the Structural Integrity technical
specification (4], the surface of ths 12 inch recirculation riser
welds toc be weld overlay repaired will be liquid penetrant (PT)
examined and any indications repaired prior to weld overlay
application. The first weld overlay layer will contain a minimum
delta ferrite content of 7.5 FN. Each of these weld overlays
will be surface conditioned to allow for UT examination using the
EPRI developed weld overlay examination techniques.

IGSCC-1ike flaws were evaluated in two 6 inch RWCU system
weldments outside of the drywell (see Table 3-2). Several
repair options were evaluated and, based on a successful
hydrostatic testing of the inaccessible welds, a standard design
basis weld overlay in accordance with NUREG-0313, Revision 2 (2]
was chosen. Two differences in these weld overlay repairs have
been presented to the NRC staff and found acceptable; these
being: application of a "dry first layer" and the final weld

overlay surface finish.

Due to the through-wall axial and other flaws, a first weld
overlay layer, not considered in the design thickness, will be
applied to the RWCU weldments with the system drained. This

SIR-88-018 3=6
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layer is intended to provide an additional "barrier" against
welding problems. This completed layer will contain 7.5 FN
minimum, be PT examined and any repairs made prior to refilling
the system. The weld overlay will then be applied in the normal
manner in accordance with the Structural Integrity technical
specification [4].

The weld overlay repairs applied to the RWCU system will not be
surface conditioned for ultrasonic examination at this time for
ALARA and other reasons. If the service life of these repairs is
intended to be longer than two fuel cycles of operation, the weld
overlays will be surface conditioned and UT examined using the
EPRI developed weld overlay UT examination techniques.

SIR-88-018



TABLE 3-1
Flaw Characterization in 28 inch Pipe Locations
- 1988 Outage =~

PIPE FLAW _INDICATION
WELD PIPE O.D. THICKNESS ORIENTATION LENGTH DEPTH SIDE
NUMBER = (INCHES)  (INCHES) (AXIAL OR CIRC) (INCHES) (a/t,%)* _____
02AD-F12 28 1.359 CIRC 1 17 PIPE
02AD-S6 28 1.35%9 CIRC 3 7 ELBOW
02AS-F14 28 1.203 CIRC 42.5 12 PIPE
02AS-S12 28 J.203 'IRC 8 8 PIPE
02BD-F8 28 1.259 CIRC 3 25 ELBOW
CIRC 3 26 ELBOW
CIRC 3.5 26 ELBOW
02BS-S12 28 1.203 CIRC 36 13 PIPE

*Flaw depth "a", as % of pipe wall thickness "t"

widaden "~ STRUCTURAL



TABLE 3-2
Flaw Characterization in 6 inch and 12 inch Locations
1988 Outage =

PIPE FLAW )
WELD PIPE O0.D. THICKNESS ORIENTATION LENGTH DEPTH SIDE
NUMBER (INCHES)  (INCHES) (AXIAL OR CIRC) (INCHES) (a/t.%)*
02D-S3 12.75 0.585 CIRC 1.5 41 PIPE
CIRCS(3) 4 26 ELBOW
AXIALS(2) oy e 41 PIPE
AXIAL et 24 ELBOW
02E-S3 12.75 0.585 AXIALS (2) - 24 PIPE
02F~583 12,75 0.585 CIRC 0.5 48 PIPE
CIRC a 22 PIPE
AXIAL . 38 PIPE
AXIALS (4) - 22 ELBOW
02G-S4 12.75 0.585 AXIALS (2) o 83 PIPE
02H=-S3 12.75 0.585 AXIALS (2) » o1 PIPE
02J-S3 12.:75 0.585 AXIAL 4 ) ELBOW
02J-54 12.75 0.585 CIRC 2.5 26 PIPE
02K F6 12.75 0.585 CIRC 0.4 54 PIPE
AXIAL o 50 PIPE
02L~-S3 12.75 0.585 AXIALS (2) - 17 ELBOW
02L~-S4 12.75 0.585 AXIAL o 43 ELBOW
02M-S4 12.75 0.585 CIRC 1.3 17 ELBOW
CIRC 0.7 17 ELBOW
125-524 6.625 0.432 CIRC 3.75 - b PIPE
CIRC 6.2 49 PIPE
AXIALS (2) -y 100 PIPE
125-F26AR 6.625 0.432 CIRC 0.75 23 UPSTREAM

*Flaw depth "a", as % of pipe wall thickness "t"

SIR-88-018
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Table 3-3
©tress Components for 28 inch Pipe Locations

Weld Pressure Deadweight Thermal OBE Shrinkage
Number (psi) (psi) (psi)  (psi) _ (psi)*
02AD-F12 6439 o 266 1506 1000
02AD-S6 6439 48 226 569 1000
N2AS-F14 6692 55 103 246 1000
02AS~-S12 6692 52 205 249 1000
02BD-F8 6439 26 1687 608 1000
02BS-512 6692 70 859 92 1000

|
|
* Assumed - Analysis to be done later }

SIN-88-018 3=10
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Weld

Number
02D-S3
02E~S3
02F=-S3
02G-S54
02H-S3
02J-S3
02J-54
02K-F6
02L-S3
02L-S4
02M-S4

125-524
12S~F26AR

SIR-88-018

Preassure

—ipsi)

6811
6811
6811
6811
6811
6811
6811
6811
6811
6811
6811

4793
4793

Table 3-4
Stress Components for 12 inch and 6 inch Pipe Locations

Deadweight
—(psi)

737
93
155
54
20
135
77
21}
266
168
867

1589
171

O1E
{psi)
813
13..8
11€9
131t
948
795
1277
3649
1718
1804
13738

7352
6693

Br
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Table 3-5
Flaw Evaluation Summary for 28 inch Pipe

Time to
End Reach
Initial FlLaw Allowable of Allow.
Weld Orientation Length Depth Depth Cycle Depth
Number (psi) (in.) (a/t.%) (a/t.,%) = L/C*(%) (years)
02AD-F12 CIRC 5 17 60 15 4.00
02AD-S6 CIRC 3 7 49 100 3.54
02AS-Fl14 CIRC 42.5 12 49 100 3.08
02A8-512 CIRC 8 8 49 100 . P B &
02BD~-F8 CIRC(3) 3 25 49 100 1.61
3 26
349 26
02BS-S12 CIRC 36 13 49 100 2.63

* Final flaw length, in accordance with NUREG-0313, Rev. 2,
as ¥ of nominal pipe circumference.

SIR-88-018 3=12
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4.0 DISCUSSION

A discussion of the UT flaw indications found during this outage
(Appendix A), especially in view of IHSI treatments and prior
ins, ections, is included in this section. During the current
examination program, nine 12 inch welds and one 28 inch weld
which were IHSI treated in 1984 were evaluated as containing new
I1G8CC-1ike flaw indications. IGSCC flaw growth was also observed
in one 28 inch recirculation weld and in two 12 inch diameter
riser welds. The UT examination data, the IHSI treatment records
and the original fabrication history/radiographs were reviewed
for a large majority of these welds, (nine of the eleven 12 inch
welds and both of the 28 inch welds). In summary, the
observations from this review include the following.

4.1 12 inch Recirculation Riser Welds

Six of the nine newly flawed recirculation riser welds contained
only a very limited number (1 or 2) of axial IGSCC indications.
The observations related to these welds include:

® the IHSI treatment records showing no evidence that the
treatments were outside of the EPRI guidelines,

® the presence of "fiat topped" weld crowns for UT examination
which make the examination for shallow axially oriented
flaws more difficult,

® eviden:e from the original construction radiographs of wide
weld roots and weld crowns, further exacerbating the
problems with detecting axially oriented flaws, and

® the presence of evidence in the original construc* sn

radiographs that substantial ID grinding was perforr Ln
the weld root and counterbore regions of these welds.

SIR-88-018 4-1



















APPENDIX A

Flaw Characterization by

Ultrasonic (UT) Examination



Flaw Characterization Comparisons
Currently and Previously Reported Flawed Welds
Quad Cities Unit 2 - 1988 Refueling Outage
6 inch Reactor Water Cleanup (RWCU) Welds

Year Length Depth
Examined Orientatinn (inch) ($tw) Side

Weld 125-524 (6 inch flued head-to-pipe)

1983 =~

1986 Not examined

1988 circumferential 3=3/4 51 pipe
circumferential 6.2 49 pipe
2 axials - 100 pipe

Weld 125-F26AR (6 inch pipe-to-pipe)

1086 No reportable
indications -
1988 circumferential 3/4

SIR-88-018 A=-2




Flaw Characterization Comparisons
Currently and Previously Reported Flawed Welds
Quad Cities Unit 2 - 1988 Refueling Outage
12 inch Recirculation Riser Welds (Note 1)

Length Depth
Orientation (inch) (%tw)

(12 inch pipe-to-elbow)

circumferential 1/2 pipe
circumferential 1/2 pipe
circumferential 0.6 17 pipe
1988 circumferential 1.5 41 pipe*

3 circumferentials 4 26 elbowk*
2 axials - 41 pipe
axial - 24 elbow

* = y/axial component

*x = 2 w/axial components

Weld 02E-S3 (12 inch pipe-to-elbow)

1983 ID arnd OD geometry

1985 not examined

186 intermittent root ceometry

1988 2 axials - 24 pipe

Weld 02F=-S3 (12 inch pipe-to-elbow)

1983 no reportable indications

1985 not examined

1986 no reportable indications

1988 circumferential 1/2 48 pipe
circumferential 1 22 pipe
axial - 38 pipe
4 axials - 22 elbow

BIR-88-018 5 STRUCTURAL







Flaw Characterization Comparisons
Currently and Previously Reported Flawed Welds
Quad Cities Unit 2 - 1988 Refueling Outage
12 inch Recirculation Riser Welds (Note 1)
(continued)

Year Length Depth

Examined Orientation (inch) (3tw) Side

Weld 02K-F6 (12 inch pipe-to-sweepolet)

1983 ID geometry

1985 not examined

1986 no reportable indications

1988 circumferential 0.4 54 pipe
axial - 50 pipe

Weld 02L-S3 (12 inch pipe-to-elbow)

1983 OD geometry

1985 not examined

1986 no reportable indications

1988 2 axials - 17 elbow

Weld 02L-S4 (12 inch pipe-to-elbow)

1983 no reportable indications

1985 not examined

1986 no reportable indications

1988 axial - 43 albow

Weld 02M-S4 (12 inch pipe-to-elbow)

1983 circumferential 1/2 9 elbow
1985 circumfirential 1/2 18 elbow
1986 circumferential 1/2 12 elbow
1988 circumferential* ; T 17 elbow
circumferential 0.7 17 clbow
* = w/axial component
Notes:

(1) All welds were IHSI treated in 1984

SIR-88-018 A-5
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Quad Cities Unit 2 - 1988 Refueling Outage

Flaw Characterization Comparisons
Currently and Previously Reported Flawed Welds

28 inch Recirculation Welds =~ Note 3

Year Length Depth

Examined Orientation (inch) ($tw) Side

Weld 02AS-S6 (28 inch pipe-to-pipe)

1983 circumferential 7=1/2 21 upstrm.

1985 circumferential 8 18 upstrm.

1986 circumferential 8 18 upstrm,

1988 no IGSCC reported

Weld 02AS-F1l4 (28 inch pipe-to-elbow)

1983 circumferential 43 20 pipe
spot - 30 elbow

1985 circumferential 43 13 pipe

intermit.

1966 circumferential 43 14 pipe

intermit.

1988 circumferential 42-1/2 12 pipe
(Note 1) intermit.

Weld 02AS-S12 (28 inch elbow-to-pipe)

1983 circumferential 8 14 pipe
circumferential 4 11 pipe
circumferential 1 8 elbow
circumferential 2 9 elbow

1985 circumferential 8 4 pipe
circumferential 6=1/2 5 pipe
circumferential 2=1/2 15 elbow

1986 circumferential 6 4 pipe
circumferential 5 13 pipe
circumferential 2 22 elbow

1988 circumferential 8 8 pipe

SIR-88-018 A=6



Flaw Characterization Comparisons
Currently and Previously Reported Flawed Welds
Quad Cities Unit 2 - 1988 Refueling Outage

28 inch Recirculation Welds - Note 3
(continued)
Year Length Depth
Examined __ Orientation (inch) (%tw) Side _
Weld 02AD-F12 (28 inch pump-to=-pipe)
1983 circumferential 24 10 pipe
total
1985 circumferential 1 18 pipe
1986 circumi - .«ntial 1 17 pipe
1988 circumferential 1 17 pipe
(By manual ultrasonic examination - automated
ultrasonic examination showed no IGSCC)
We - (28 inch valve-to-elbow)
1983 root geometry
1985 not examined
1986 circumferential 4-1/2 15 elbow
total
1988 circumferential 3 25 elbow
circumferential 3 26 elbow
circumferential 3=1/2 26 elbow
root geometry
Weld 02BS-S12 (28 inch pipe-to-elbow) =~ Note 2
1983 cir:umferential 32 16 pipe
root geometry pipe
1985 circumferential 36 21 p%pe
root geometry pipe
1986 circumferential 36 13 p%pe
root geometry pipe
1988 circumferential 36 13 p@pe
root geometry pipe
(By manual ultrasonic examination - automated
ultrasonic examination showed no IGSCC)
SIR-88-018 A=7
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VERSION 1.2

ALLOWABLE FLAW SIZE EVALUATION

ALLOWABLE FLAW SIZE FOR CIRCUME. CRACK,FLUX WELD

CEC0-09q, RECIRC DISCHARGE, WELD 02BD-F3

WALL THICEKNESS 1.3590
MEMBRANE STRESS= 6439.0000
BENDING STRESS= £34.0000
EXPANSION STRESS= 2687.0000

PIPE OUTSIDE DIAMETER= 28,0000
FLUX WELD TYPE-SMAW(1)/SAW(2)=1
STRESE RATIO= 0.4935
ALLOWABLE STREESS=16950.0000

FLOW STRESS=50850.0000

ran

STRESS RATIO IS LESS THAN 0.6000WHICH WILL BE USED IN THE ANALYSIS.
L/CIRCUM
0.00 0.10 0.20 0.30 0.40 0.50
ALLOWABLE A/T C.€000 0.6000 0.6000 0.8000 0.6000 0.4900

E4D OF pc-CRACK
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SAN JOSE, CA (408)978-8200
VERSION 1.2

ALLOWABLE FLAW SIZE EVALUATION

ALLOWABLE FLAW SIZE FOR CIRCUMF. CRACK,FLUX WELD

CEC0O-09Q, RECIRC SUCTION, WELD 02AS-S

WALL THICENESS= 1.2030
MEMBRANE STRESS= 6692.0000
BENDING STRESS= 301.0000
EXPANSION STRESS= 1205.0000

PIPE OUTSIDE DIAMETER= 28.0000
FLUX WELD TYPR-SMAW(1)/SAW(2)=1
STRESS RATIO= 0.4558
ALLOWABLE STRESS=16950.0000

FLOW STRESS=50850.0000

STRESS RATIO IS LESS THAN .6000WHICH WILL BE USED I

0.00 0.10 0.20 0.30 0.40 0.5
ALLOWABLE A/T 0.6000 0.6000 0.6000 0.68000 0.6000 0.490

e ety - e i o
END OF pc-CRACK

ANALYSIS.
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VERSION 1.2

STRESS CORROSION CRACK GROWTH ANALYSIS

CECO0-09Q, RECIRC SUCTION, WELD 02B5-512

INITIAL CRACK SIZE= 0.1564
WALL THICENESS= 1.2030
MAX CRACK SIZE FOR SCCG= 0.9624

STRESS CORROSION CRACK GROWTH LAW(S)
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ENCLOSURE 1

Ultrasonic Examination of
IGSCC Susceptible Stainless Steel Weldments
Quad Cities Unit 2 - 1988 Refueling Outage

Introduction

This enclosure provides a report of the ultrasonic (UT) examinations performed
on IGSCC susceptible stainless steel weldments during the Quad Cities Unit 2
1988 refueling outage. Enclosure 2 (Structural Integrity SIR-88-018, Voliume
1) provides the detailed report on the analyses and repair activities
associated with flawed weldments.

In addition to the UT examination results, this enclosure also provides
discussion on:

e the "prioritization" study which was used to both select and schedule
weldments for UT examinations,

e a description and UT examination history of welds which contain
IGSCC-1like flaw indications,

e a comparison of the current UT examination results with those of the
1986 refueling outage for the weld overlay repairs examined during the
1988 refueling outage, and

e a description of the repair activities to the end cap-to-header weld
overlay repair performed last outage (02A-S10) which was evaluated as
containing UT flaw indications.

Discussions on the effectiveness of prior IHSI treatments (1984) and the
design of weld overlay repairs in the reactor water cleanup (RWCU) system are
described in Enclosure 2.

Examination Scope

As shown in Table 1, a total of 157 weldments were ultrasonically - xamined
during the current Quad Cities Unit 2 refueling outage. These include:

e 66 welds and 14 weld overlay repairs waich were the initial examination
scope, and

e 77 welds which were part of the expanded sample or post-MSIP UT
examinations.

Due to IGSCC-like flaw indications evaluated in the initial examination sample
(12 inch recirculation risers and 6 inch RWCU piping). 100% of the 12 inch and
larger recirculation system (exclusive of nozzle-to-safe end welds) and 100%
of the accessible Class 1 IGSCC susceptible RWCU piping was examined as an
expanded sample.

A total of 47 welds in the core spray, residual heat removal (LPCI), and
recirculation systems were stress improved using the mechanical stress
improvement process (MSIP). Of these 47 welds, 33 were not included in either
the initial or expanded UT examination scopes.




Twelve (12) new weldments were idi .:fi12d during the current outage as
containing IGSCC-like flaw indica‘*ion' . Additionally, seven (7) weldments
have previously been reported to the NRC as flawed as a result of UT
examinations performed during prior outages. One 28 inch weldment, 02BS-S12,
was originally reported as flawed based on UT examination in 1983. A
metallurgical plug sample was removed during that outage, as well as a visual
examination of the ID surface and single wall radicgraphic eramination. These
examinations did not reveal the presence of any ICSCC-like indiciations, but
rather the presence of a backwelded root condition leading to the UT signal.
In subsequent outages, the same UT signal has bean observed. Conservatively,
this evaluation has been treated as an IGSCC flaw. The flaw characteristics
and past UT examination history of each of these weldments is shown in Tables
2, 3 and 4 for 6 inch RWCU, 12 inch recirculation and 28 inch recirculation
system welds respectively.
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TABLE 1

Ultrasonic Examination Scope
Quad Cities Unit 2 - 1988 Refueling Outage
(Note 1)

Examinations Performed New
System/Size Welds Weld Overlays Flaws
Recirculation
28 inch 24 6 1
28 inch nozzle- 1 0 0
to-safe end
22 inch 20 2 0
12 inch 34 S 9
12 inch nozzle- 2 0 0
to-safe end
Residual Heat Removal
20 inch SDC 3 1 0
16 inch LPCI 23 0 0
Core Spray
10 inch 21 0 0
Jet Pump Instr,
4 to 12 inch 2 0 0
Small Diameter
6 inch 6 0 2
4 inch [ 0 9
TOTALS 143 14 12

NOTES: (1) In:ludes initial examination sample, expanded sample and post-MSIP
ezaminations.
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TABLE 2

Flaw Characterization Comparisons

Currently and Previously Reported Flawed Welds
Quad Cities Unit 2 - 1988 Refueling Outage
6 inch Reactor Water Cleanup (RWCU) Welds

Year Orientation Length Depth
Examined inch %tw Side
Weld 125-S24 (6 inch flued head-to-pipe)
1983 - Not examined
1986
1988 circumferential 3-3/4 51 pipe
circumferrntial 6.2 49 pipe
2 axials - 100 pipe
Weld 12S-F26AR (6 inch pipe-to-pipe)
1986 No reportable
indications - - -
1988 circumferential 3/4 23 pipe
(upstr.)
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Flaw Characterization Comparisons
Currently and Previously Reported Flawed Welds

TABLE 3

Quad Cities Unit Z - 1988 Refueling Outage
12 inch Recirculation Riser Welds (Note 1)

Year Orientation Length Depth

Examined inch %tw Side

Weld 02D-S3 (12 inch pipe-to-elbow)

1983 circumferential 172 25 pipe

1985 circumferential 172 26-28 pipe

1986 circumferential 0.6 17 pipe

1988 circumferential 1.5 4l pipe*
3 circumferentials 4 26 elbow*
2 axials - 4l pipe
axial - 24 elbow

* = w/axial component
*% = 2 w/axial components

Weld 02E-S3 (12 inch pipe-to-elbow)

1983 ID and OD geometry

1985 not examined

1986 intermittent root geometry

1988 2 axials - 24 pipe

Weld 02F-S3 (12 inch pipe-to-elbow)

1983 no reportable indications

1985 not examined

1986 no reportable indications

1988 circumferential 172 48 pipe
circumferential 1 22 pipe
axial - 38 pipe
4 axials - 22 elbow
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Table 3 (cont'd)

Year Orientation Length Depth
Examined inch %tw Side
Weld 02G-S4 (12 inch pipe-to-elbow)
1983 OD gaometry
1985 ID & OD geometry
1986 no reportable indications
1988 2 axials - 55 pipe
Weld 02H-S3 (12 inch pipe-to-elbow)
1983 OD geometry
1985 not examined
1986 OD geometrv
1988 2 axials - 51 pipe
Weld 02J-S3 (12 inch pipe-to-elbow)
1983 OD geometry
1985 not examined
1986 no reportable
indications
1988 axial - 17 elbow
Weld 02J-5S4 (12 inch pipe-to-elbow)
1983 ID geometry
1985 not examined
1986 no reportable
indications
1988 circumferential 2% 26 pipe
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Table 3 (cont'd)

Year Orientation Length Depth
Examined inch %tw Side
Weld 02K-F6 (12 inch pipe~-to-sweepolet)
1983 ID geometry
1985 not examined
1986 no reportable
indications
1988 circumferential 0.4 54 pipe
axial - 50 pipe
Weld 02L-S3 (12 inch pipe-to-elbow)
1983 OD geometry
1985 not examined
1986 no reportable
indications
1988 2 axials - 17 elbow
Weld 02L-S4 (12 inch pipe-to-elbow)
1983 no reportable
indications
1983 not examined
1986 no reportable
indications
1988 axial - 43 elbow
Weld 02M-S4 (12 inch pipe-to-elbow)
1983 circumferential 172 9 elbow
1985 circumferential 1/2 15 elbow
1986 circumferential 172 12 elbow
1988 circumferential® 1.3 17 elbow
circumferential 0.7 17 elbow

* = w/axial component

NOTES:
(1) All welds were IHSI treated in 1984
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TABLE 4

Flaw Characterization Comparisons
Currently and Previously Reported Flawed Welds
Quad Cities Unit 2 - 1988 Refueling Outage
28 inch Recirculation Welds - Note 3

Year Orientation Length Depth

Examined inch tw Side

Weld 02AS-S6 (28 inch pipe-to-pipe)

1983 circumferential 7% 21 upstrm,

1985 circumferential 8 18 upstrm,

1986 circumferential 8 18 upstrm.

1988 no IGSCC reported

Weld 02AS-Fl4 (28 inch pipe-to-elbow)

1983 circumferential 43 20 pipe
spot - 30 elbow

1985 circumferential 43 13 pipe

intermit,

1986 circumferential 43 14 pipe

intermit.

1988 circumferential 42-1/2 12 pipe

intermit.

Weld 02AS-Sl2 (28 inch elbow-to-pipe)

1983 circumferential 8 14 pipe
circumferential 4 11 pipe
circumferential 1 8 elbow
circumferential 2 9 elbow

1985 circumferential 8 + pipe
circumferential 6-1/2 5 pipe
circumferential 2=1/2 15 elbow

1986 circumferential 6 + pipe
circumferential S 13 pipe
circumferential 2 22 albow

1988 circumferential 8 8 pipe
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Table 4 (cont'd)

Year Orientation Length Depth

Examined inch %tw Side
Weld 02AD-F12 (28 inch pump-to-pipe)

1983 circumferential 24 10 pipe

total

1985 circumferetial 1 18 pipe
1986 ircumferential 1 17 pipe
1988 circumferential 1 17 pipe

(By manual ultrasonic examination - automated
ultrasonic examination showed no IGSCC)

Weld 02BD-F8 (28 inch valve-to-elbow)

1983 root geometry

1985 not examined

1986 circumferential 4-1/2 15 elbow

total

1988 circumferential 3 25 elbow
circumferential 3 26 elbow
circumferential 3-1/72 26 e lbow
root geometry

Weld 02BS-S12 {28 inch pipe-to-elbow) - Note 2

1983 circumferential 32 16 pipe
root geometry pipe

1985 circunferential 36 21 pipe
root geometry pipe

198¢ circumferential 36 13 pipe
root geometry pipe

1988 circumferential 36 13 pipe
root geometry pipe

(By manual ultrasonic examination - automated
ultrasonic examination showed no IGSCC)
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Table 4 (cont'd)

Year Orientation Length Depth

Examined inch itw Side

Weld 02AN-S6 28 inch pipe-to-elbow)

1983 ID geometry

1985 not examined

1986 root geometry

1988 circunferential 3 7 elbow

Weld 02BS-Fl4 (28 inch pipe-to-elbow)

1983 circumferential 5-1/4 18 pipe

1985 circumferential 1 10 pipe
ID root geometry

1986 ID root geometry

1988 no IGSCC reported

Notes:

(1) 42-1/2 inches is the total extent of the flaws with a2 combined length of
34-1/2 inches.

(2) Weld 02BS-S12 has previously been reported as flawed based on manual
ultrasonic examinations. A metallurgical plug sample removed in 1985
showed the presence of a backwelded root and no indication of IGSCC.

(3) ALl welds were IHSI treated in 1984,
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Weld Selection and Scheduling

Intergranular stress corrosion cracking (IGSCC) of austentic stainless steel
piping weldments has been a perceived issue since the mid-1970s and an
economic burden on the Utilities. As a result of such flaws, «4 large number
of potentially IGSCC susceptible weldments have been ultrasonically (UT)
examined since 1982,

Regulatory guidance (Generic Letters 84-11 and 88-01) require that a
reasonably large number of potentially IGSCC susceptible welds be UT examined
during each plant refueling outage to augment the normal ASME Section XI
inservice inspections. The initial scope of the augmented UT examination
program of stainless steel welds is established under this NRC guidelines and
requirements. If new IGSCC-like are evaluated or existing flaws propagate
such that repairs are required, this initial sample is further expanded.

One of the '"lessons learned" from prior Quad Cities outages is that it is
important from an outage scheduling standpoint to identify any such flawed
welds, and therefore any repairs, early in the outage.

Prior to the current Quad Cities Unic 2 refueling outage. a "weld
prioritization" study was performel by Structural Integrity for Commonwealth

Edison with the objectives of:

e providing a technical basis for weld selection and scheduling for
augmented UT examination of IGSCC susceptible welds,

e prioritizing by specific weld the IGSCC susceptibility of that weld,
and

e establishing, by system and size, the recommended priority of
scheduling within the overall plan,

The study considered all IGSCC susceptible stainiess steel welds four (4) inch
and larger.

Using the extensive past industry experience and research, it is possible to
subjectivly rank the IGSCC susceptibility of individual weldments by
considering several factors. These include:

e fabrication history (e.g., review of original construction
radiographs, repair records, etc.),

e prior UT examiuation history and examination results,

. application of any IGSCC remedies (e.g., stress improvement,
materials, and water chemistry).

e system considerations (e.g., process fluid flow, temperature, etc.),
and

. industry experience.
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Once the individual weldments have been prioritized within a piping
system/size, the prior history and economic consequences of IGSCC evaluation
(repairs) are considered to schedule the individual welds for examination. By
performing such a study, the weldments with the highest "risk" of IGSCC are
examined first and any flaws which may require repairs are identified early in

the outage.

The outputs of the Structural Integrity study (Attachment 1) were used by
Commonwealth Edison to both select the weldments in the initial examination
sample and schedule the weld examinations. The result of this approach was
that the IGSCC flawed welds were identified early during the outage. This
allowed early evaluations and analyses, as well as the design of repairs.

In review, the study considered postweld ID grinding in the prioritization as
a relatively strong factor. The welds which were evaluated as containing
IGSCC-like flaws confirmed this, especially in the recirculation system which
had received stress improvement (IHSI) in 1984. On the other hand, the
previous Unit 1 results in the core spray system were not repeated in Unit 2.

The Quad Cities Unit 2 prioritization study proved to be useful in the
selection and scheduling of potentislly IGSCC susceptible welds for UT
examination. The extent of required evaluations, analyses and, most
importantly repairs were identified early in the outage: thereby minimizing
outage schedule impact.

The technical "lessons learned" from this study and the examination results
confirms the strong causative effect on flaw initiation of postweld ID
grinding.
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Flawed Weld Description

There are total of nineteen (19) weldments which have not previously been weld
overlay repaired which have been evaluated as containing IGSCC-like flaw
indications during the current refueling outage's UT examination program. As
shown in Table 1, twelve (12) weldments were reported this outage as
containing IGSCC-like flaw indications. Seven (7) weldment. which are
reported as flawed have previously been reported.

Two (2) 6 inch reactor water cleanup (RWCU) system welds outside of the
drywell were evaluated as flawed during the current examination program.
These are detailed in Table 2.

All of the 12 inch recirculation riser welds not previously weld overlay
repaired were examined this outage. Of these, eight (8) pipe-to-elbow welds
and one (1) pipe-to-sweepolet weld were evaluated as containing IGSCC-like
indications this outage. Two (2) welds were previously reported as flawed.
The flaw characterization and UT examination history for each of these welds
is shown in Table 3., All of these flawed welds were IHSI treated in 1984 and
it is noted that six (6) of the now {lawea weids contained only a very limited
nurber (1 or 2) of axial flaws.

All of the 28 inch recirculation pump suction and discharge welds which are
not weld overlay repaired have also been examined this outage. Of these, six
(6) welds have been evaluated as containing IGSCC-like flaw indications. Of
the previously reported flav 1 welds, significant changes in the flaw
characterization have been . sportad in one (1) weld and one (1) newly flawed
weld has been identified this outage. The flaw characterization and UT
examination history of each of these welds is shown in Table 4.
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UT Examination of Weld Overlav Repairs

During the 1986 Quad Cities Unit 2 refueling outage, the fourteen (14)
previously applied weld overlay repairs and six (6) new wald overlays were
built up to the “"standard” weld overlay design basis of NUREG-0313, Revision
2. The twenty (20) weld overlays repairs were surface conditioned and
ultrasonically examined in accordance with Commonwealth Edison procedures
which compliad with the EPRI-developed wel!d overlay examination techniques.
Examiners, then as well as now, were also trained and "qualified" at the EPRI
NDE Center.

Fourteen (14) of these twenty (20) weld overlay repairs were re-examined as
part of the augmented stainless steel UT examination program during the
current Unit 2 refueling outage.

Table 5 provides a comparison of the UT sexamination results between the 1986
and the current (1988) examinations for the 14 weld overlay repairs which sere
re-examined during the current refueling cutage.

Generally, these examinations were performed using manual technigques. In the
cases of the end cap-to-header weld overlay, both automated and manuai
techniques were used.)

Eleven (11) of the fourteen (14) weld overlay examinations performed during
the current outage reported no indications in the weld overlay material,

Specific detailed data comparisons and summaries are included for weld overlay

02B-S9 and 02BS-83. The investigations during the removal and repair of weld
overlay 02A-S10 are discussed elsewhere in this enclosure.

12974*-14



Table 5

Comparison of Ultrasonic Examination Results

Quad Cities Unit 2
Weld Overlay Repairs

Weld Examination Results

Number 1986 1988

28 inch Recirculation

02AS-54 No flaws in WOR No flaws in WOR (M)

02AS-S89 No flaws in WOR No flaws in WOR (M)

n2BD-S6 No flaws in WOR No flaws in WOR (M)
Note 1

02BS-F2 No flaws in WOR No flaws in WOR (A)

02BS~-F7 No flaws in WOR No flaws in WOR (A)

02BS-S3 No flaws in WOR Flaw rl)> design thk.
Note 2 (M)

22 _inch Recirculation

02B-S9 No flaws in WOR

02A-S10 circumferential
multiple axials

12 inch Recirculation

07 P No flaws in WOR
02F-F6 No flaws in WOR
02J-F5 No flaws in WOR
02M-F5S No flaws in WOR
0cM-S3 No flaws in WOR

20 inch Shutdown Cooling

10S-FS No flaws in WOR

(A) = Automated UT E am (M) = Manual UT Exam
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Note 3 (A)

No significant change
- Note 4 (A)

No flaws
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Note 5 (M)
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Note 6
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WOR (2)
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Notes:

(1) Circumferential flaw 2-3/4" long with rl = 0.58" reported on pipe side.
Weld overlay thickness is 0,462 (upsiream) and 0.550 (dow.astream) inch and
design thickness is 0.47 inch.

(2) Two (2) circumferential indications (1 = 0.3" with rl = 0.48" and 1 = 0.5"
with rl = 0.44"), 'ne average thickness of weld overlay 02BS-S3 is 0.492
inch., The required minimum design thickness is 0.42 inch.

(3) Eight (8) axial and two (2) rircumferential flaws observed in UT
examination. The remaining ligaments of all flaws exceed the weld overlay
thickness., One ;1) axial flaw in low delta ferrite first layer not
included in desi~n thickness.

(4) Flawed portion of WOR removed by machining and reapplied during 1988
refueling outage. New UT baseline established.

(5) Axial flaw reported with a rl = 0,61 inch. As-built weld overlay
thickness = 0.329 inch and desigr thickness = 0.25 inch.

(6) One circumferential flaw on the pipe side (length = C.6" with rl = 0.7")
and four (4) axials on the elbow side (rl = 0.45" to 0.7") reported.
As-built weld overlay thickness = 0.479 inch (pipe) and 0.331 inch
(elbow). The design thickness = 0.25 inch.
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Weld overlay 02B-S9 (22 inch end cap-to-header'! was examinec in both 19&6 and
in 1988. Indications. not in the weld overlay material itself, have been
observed in both examinations. The details of each examination are shown in
Table 6.

With the exception of slight changes in the remaining ligaments reported for
two (2) of the axial flaws, the UT examination results reported in 1988 are
identical with those reported in 1986.

The average thickness of weld overlay 02B-S9 is 0.448 inches. The
observations from the examinations of this weld overlay include:

. In general, there is an excellent agreement, both in location and
remaining ligament, between the 1986 and the 1988 examinations.

. In two cases, the remaining ligament has decreased, but is still
greater than the thickness of the deposited weld overiay.
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Tab.e 6

Comparison of Ultrasonic Examination Results
Weld Overlay 02B-S9

Circumferential Indications

1986 Examination 1988 Examination
Location Length Remaining Length Remaining
Ligament, in. Ligament, in.

59.5 2.5 0.60 2.5 0.60

30.5 2.9 0.56 a.95 0.56
Axial Indications

1986 Examination 1988 Examination
Location «emaining Location Remaining
Ligament, in. Ligament, in.

60 0.55 60 0.55
61 0.58 61 0.58
44 0.60 44 0.46

3 0.62 3 0.50

3 0.70 3 0.70

3.8 0.58 3.9 0.58

7 0.55 7 0.55

1.9 0.60 T+ 0.60
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Weld overlay 02BS-S3 (28 inch pipe-to-elbow) was appli~d in the 1983 refueling
outage and was surface conditioned and UT examined ir. the 1986 outage. This
weld overlay has a design thickness of 0.42 inch and an average as-built
thickness of 0.493 inch.

No indications were reported in the 1986 examinations of this weld overlay.

In the current examination, two (2) short circumferential indications were
reported as follows:

0.3" long x 0.48" remaining ligament and
0.5" long x 0.44" remaining ligament

The flaws are not connected or in the same plane and separated by
approximatelv 1/2 inch.

Two (2) circumferential flaws, most likely interbead lack of fusion at the
interface or in the first layer, were observed in the current UT examination
of weld overlay 02BS-83. These flaws <ere not observed in the 1986 UT
examination of this weld overlay.

The remaining ligaments of these two very short flaws exceeds the design
thickness of this weld overlay.

Conclusions -

The following conclusions have been drawn from a comparison of the weld overly
UT examination data:

e Typically, flaws have not been reported in the weld overlay material
(or in the base material examined).

- In those cases where flaws have been observed both in 1986 and 1988,
the data correlates quite well.

e In one weld overlay (02BS-S3), two very short circumferential flaws
have been observed in the current examination which were not detected
in 1986. The remaining ligament of weld overlay exceeds the full
structural design thickness of this weld overlay. Therefore the
repair is acceptable for continued service. It is planned to
re-examine this weld overlay repair next outage.
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Flaw Analyses

Flawed pipe analyses have been performed by Structural Integrity Associates on
all large diameter (28 inch) flawed stainless steel weldments in accordance
with NUREG-0313, Revision 2. (SIR-88-018, Volume 1 - Enclosure 2)

Several conservati e assumptions were used in the flawed pipe analyses of the
large diameter fl'.wed pipe welds, including:

e The as-welded residual stress distribution, as shown in NUREG-0313,
Revision 2, has been used in all of the analyses of "arge diameter
flawed weldments. (Note that IHSI was applied to . ese welds in 1984,)

e An assumed 1000 psi weld overlay shrinkage stress was used along with
pressure, dead weight and thermal stresses in the crack growth

calculations. This value is more than twice the maximum value
reported in prior analyses.

All large diameter flawed welds were found to be acceptable for continuous
service. (See Enclosure 2)

~ommonwealth Edison elected to repair all 6 and 12 inch flawed weldments.
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Repair Description

A standard design bases weld overlay repair, in accordance with NUREG-0313,
Revigion 2, will be applied to each of the 11 flawed 12 inch recirculation
riser weldments and the 6 inch RWCU weldments.

In accordance with the technical specification covering the weld overlay
application, the surface of the 12 inch recirculation riser welds to be weld
overlay repaired will be liquid penetrant (PT) examined and any indications
repaired prior to weld overlay application. The first weld overlay layer will
contain a minimum delta ferrite content of 7.5 FN. Each of these weld
overlays will be surface conditioned to allow for UT examination using the
EPRI developed weld overlay examination techniques.

The specific RWCU weld overlay repairs are discussed later.
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RWCU Weld Overlay Repairs

IGSCC~like flaws were evaluated in two 6 inch RWCU system weldments outside of
the drywell (See Table 2). Several repair options were evaluated and, based
on a successfully hydrostatic testing of the iraccessible welds, a standard
design basis weld overlay in accordance with NUREG-0313, Revision 2 was
chosen. Two differences in these weld overlay repairs have been presented to
the NRC Staff and found acceptable. These being application of a "dry first
layer" and the final weld overlay surface finish.

Due to repair considerations associated with the through-wall axial and the
presence of the other flaws, a first weld overlay layer, not considered in the
design thickness, will be applied to the weldment with the system drained.
This layer is intended to provide an additional "barrier" against welding
problems. This layer will be PT examined and any repairs made prior to
refilling the system. The weld overlay will then be applied in the normal
manner in accorcance with the Structural Integrity technical specification.

The weld overlay repairs applied to the RWCU system will not be surface
conditioned for -‘ltrasonic examination at this time for ALARA and other
reasons, If the service life of these repairs are intended to be longer than
two fuel cycles of operation, the weld overlays will be surface conditioned
and UT examined using the EPRI developed weld overlay UT examination
techniques.
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IHSI Investigation

During the current examination program, nine (9) 12 inch welds and one (1) 28
inch weld which were IHSI treated in 1984 w.re evaluated as containing
IGSCC~like flaw indications. IGSCC flaw growth was also observed in one (1)
28 inch recirculation weld. The UT examination data, the IHSI treatmant
records and tha original fabrication history/radiographs were reviewed for a
large number of these welds. The review of this data is documented in
Structural Integrity Report SIR-88-018, Volume 1 (Enclosure 2).

An initial review of the IHSI treatment records, original construction
radiographs and prior UT examination history indicates that:

e the IHSI treatments were all within the current EPRI guidelines, and

e there is strong eviience of ID grinding and/or wide weld roots in
these welds.

Additional work is planned to further investigate these observations as part

of an industry-wide research effort undar the auspices of the Electric Power
Research Institute (EPRI),
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Mr. D. G. Wilgus
Commonwealth Edison Co.
BWR Engineering

P.O. Box .67

Chicago, Illinois 60690

Subject: Quad Cities Unit 2
Prioritization of IGSCC Susceptible Stainless Steel
Welds for Ultrasonic Examination
1988 Refueling Outage

Reference: Letter DRP-87-054 to Mr. R. Bax {rom D. Pitcairn
(8§I) dated December 8, 1987

Dear Dan:

Data was collected and a prioritization study conducted of IGSCC
susceptible welds for Quad Cities Unit 2 during the week of
January 4, 1988. The data collected included inservice
inspection history, system considerations and information
regarding original construction (radiograph review) .

For each of the 200+ welds, the data was reviewed to
qualitatively determine the potential for IGSCC flaw detection
(and repairs) during the upcoming 1988 refueling outage.

Attachment 1 to this letter is a description of the program and
prioritization "criteria.” The results of this study are
summarized in this letter (Table One) and are presented in detail
in Attachments 2, 3 and 4. The results are listed by system and
size, hopefully consistent with the planned examination
categories.

The results are grouped as follows:

Priority 1 - Welds with existing or previously reported flaws
(or other concerns)

Priority 2 - Welds whose examination history, fabrication or

other data trends make them strong candidates for
138CC.

3150 ALMADEN EXPRESSWAY SUTTE 226 o SAN JOSE, CALIFORNIA 85118 e (408) 978-8200  TELEX 184817 STRUCT



Priority 3 - Welds whose examination history, fabrication or
other data trends make them moderate candidates for

IGSCC.

Priority 4 - Welds whose examination history, fabrication or
other conditions which make them unlikely

candidates for IGSCC.

If you have any questions or require further clarification,
please feel free to contact me.

vruly yours,

Davxd Pitcairn, P.E.

cc. P. Bax (Quad Cities) w/att
R. Tamminga/ H. Do (Prod. Services) w/att
D. Thayer (Quad Cities) w/att
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Table One

Summary of Prioritization Study
IGSCC Susceptible Welds
Quad Cities Unit 2

Category/ Priority
System Size . 2 3
Recirc, 28~inch 7 2 12

Note 1

22=-inch 0 0 4

12-inch 2 4 7

Bypass 0 0 0

Safe End 0 0 0
SDC 20-inch 0 2 3
LPCI 16-inch 0 3 3
Core
Spray 19=-inch 0 2 6 (ap.rox)
RWCU 6~-inch 0 0 3
CRD Return 0 0 X
JPI 0 0 0
Head Spray 0 0 0
Head Vent 0 0 0

Totals 9 13 37

Note 1 - Five flawed welds and two previously reported as
flawed
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ATTACHMENT 1

Prioritization of Stainless Steel '".elds
Susceptible to IGSCC for Inservice Inspection

Introduction and Background

Intergranular Stress Corrosion Cracking (IGSCC) has been an
economic and technical issue associated with the stainless steel
primary piping of Boiling Water Reactors (BWR) since the mid
1970s. The IGSCC issue has resulted in the requirement to
altrasonically (UT) examine large augmented sauples of
potentially susceptible stainless steel welds during each
refueling outage. These extensive augmented examinations have
been performed at each Quad Cities Unit 2 refueling outage since
1983. Currently, Commonwealth Edison (CECo) is in the planning
process for the augmented UT examination program for the 3pring
1988 refueling outage.

Wwhen IGSCC flaw indications are evaluated as a result of the UT
examinations, they require analysis for acceptability and
potentially repair. The most common "repair" for IGSCC .is the
weld overlay. If flaw indications are discovered early in the
examination program, increased examination samples and weld
overlay application can usually be accommodated within the outage

schedule. Conversely, flaw indications discovered late in the
program have resulted in schedule delays due to required
increased sample sizes and repairs. It therefore seems prudent

to attempt to prioritize the potentially IGSCC susceptible
stainless steel welds by their probability of being flawed and
the impact of potential repairs.

This prioritization can be used in twc ways - sample selection
and examination scheduling.

Sample Selection -

The NRC "regulations" - Generic Letter 84-11 and NUREG=0313=-
contain the requirements for the number of each '"category" of
welds which must be examined. The current CECo augmented

examination program is based on Generic Letter 84-11 which
requires approximately 80 welds (of the approximately 240 IGSCC
susceptible welds) to be UT examined as an initial sampie. If
flaw indicacions are detected in this sample, there are
requirements for sample expansion up to the examination of all
welds. Commonwealth Edison has elected to utilize the
prioritization approach to select welds for examination in order
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to have the highest probability of identifying flaws in a timely
fashion and facilitate repairs within the outage schedule.

Examination Scheduling -

Once the examination sample is selected, the individual welds
will be scheduled for examination based on several factors. The
prime factors used in scheduling will be the probability of flaw
indications as determined by the prioritization process and the
probability/duration of repairs. Other factors include the
deinsulation of the welds, availability of examination equipment,
etc.

Approach/Methodology

The prioritization process is not a precise science or analysis,
but rather a common sense experience-based approach which
considers:

e Tndustry research efforts,

e Prior examination history,

e Fabrication history,

e Repair duration (i.e. pipe size),

e The application of IGSCC remedies, such as stress
improvement, heat sink welding or the use of
"conforming" material, and

e System operaticn, most importantly temperature.

Examples of important variables considered include weld 1ID
grinding, past examination results and current examination

techniques.

Lessons learned from the recently completed Quad Cities Unit 1
examinations demonstrated the importance of considering the
grinding (abusive) of the weld root region during fabrication.
The resultant cold worked inside surface serves as a strong
initiator of IGSCC, even after stress improvement. This
consideration is further supported by the large number of flawed
shop welds that have been observed.

There have been flaw indications identified by the UT ex~mination
organizations contracted by CECo which have been "reversed" by
the CECo-SMAD Level IIIs after re-examination. Many of these
reversed calls are the result of the re-evaluation of the signal
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by then more sophisticated equipment (e.g., ID creeping wave,
etc.). These re-evaluations were typically limited to welds
originally identified as flawed. The current examination
techniques more commonly utilize these sophisticated transducers
and the potential then exists for some prior "ID or root
geometry" evaluations to be re-evaluated today as flaws.

The state of examiner training and qualification within the
nuclear industry has shown dramatic changes since 1983. The
current examination personnel are more "tuned in" to identifying
IGSCC. This has manifested itself in the identification of more
axially-oriented IGSCC, which for most situations requires weld
overlay repairs. The use of automated UT equipment compounds
this observation. Other than the observation of a large number
of axially flawed welds associated with "wide" weld crowns in
12-inch pipe welds, little can be done to predict the occurrence
of axial flaws. The only "positive" approach to identifying
axial flaws is flush grinding welds prior to examination.

The prioritization has been accomplished by listing all
potentially IGSCC susceptible welds, their examination history,
available fabrication observations, IGSCC remedy history, etc.
From these observations, the a ranking was developed using the
following "criteria."
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t i n "

I i anet 14x {5 16 Lnak 4 |

lower risk of unacceptable IGSCC flaws
Longer repair duration

Risk fzctor high for 28 inch recirculation welds
(shop > field)

Risk factor lowered if:
conforming material
stress improvement
temperature

16, (RHR) 20 (RHR) and 22 (Recirc) inch welds
considered on case-by-case

Mid-di 1ds (3 I <inch di !
12-inch recirc welds - data trends associated with weld width,
etc.
High risk of axial IGSCC flaw(s) which dictate repair
Repair duration/impact typically minimal

10-inch core spray - history shows little difference with Unit 1,
therefere similar problems may be reasonably "expected."

Potential risk for detection of axial flaw(s) which
dictate repair

Repair duration/impact may be high if several observed
along with other actions on same line

Historical cr.teria from prior examinations



Page 8

A rather straightforward "analysis" considering the probability
of IGSCC flaw detection, the probability of the flaw requiring
repair and the impact of a repair effort was performed. The
welds should be scheduled as follows:
® Priority 1 "flawed" welds
® 02A-S10 (end cap) weld overlay
e 12-inch recirculation shop welds
e A sample of l10-inch core spray (SI optional)
e 28-inch recirculation shop welds
e 12-inch recirculation field welds
e large diameter welds ("hot systems, no SI),
28-inch recirculation system field welds, and
large diameter welds ("hot" systems w/SI)
e large diameter welds '"cold" systems

e nozzle-to-safe end welds

e others
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ATTACHMENT 2

Discussion Regarding
Flawed and IHSI-Mitigated Welds
Quad Cities Unit 2

Of the nine (9) flawed and previously reported as flawed welds,
seven (7) of the welds at Quad Cities Unit 2 were analyzed in
1986 and found acceptable for service considering the residual
stress redistribution from stress improvement (IHSI). Of these
welds, two (2) are 12-inch riser welds and six (6) are 28~inch
welds.

Some considerations in these analyses were:

« The EPRI post-IHSI residual stress distribution was
1sed in all analyses

e The flaws were conservatively characterized as 3600
by the maximum measured depth.

e Actual applied stresses, including weld overlay
shrinliage stresses, were utilized in the analyses.

e A limit load analysis was performed for each flawed
weld and demonstrated acceptable margins.

Draft Revision 2 of NUREG-0313 has provided the NRC "position" on
the effectiveness of stress improvement (SI) as a "repair" for
flawed welds. This position limits the use of SI to flaws which
are less than or equal to 10% of the circumference and whose
depth is less than or equal to 30% through-wall. Additionally,
the NRC has recently questioned IHSI due to field observations at
Quad Cities Unit 1 and other plants. As a result, flawed pipe
analyses assuming an "as-welded" residual stress distribution
have also been '"required." A review of ea~h of these flawed
welds has been performed with conclusions as fo 'ows:

02D=S3 The reported flaw length and depth .:¢eet the NRC criteria
and the flaw has been examined since 1983 with little change in
the flaw characteristics. The flaw depth reported in 1985 was
28% though-wall, close to the NRC criteria. An analysis with the
as-welded residual stress pattern would most likely require weld
overlay repair.
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Action - Examine early and plan for potential weld
overlay.

Q2M-S4 The reported flaw length and depth meet *tne NRC criteria
and the flaw has been examined since 1983 with little change in
the flaw characteristics. The applied stresses, most notably
weld overlay shrinkage, are high for this weld. An analysis with
the as-welded residual stress pattern would require weld cverlay
repair.

Action - Examine early and plan for potential weld overiay
repair

Q2AS5-S6 This weld has been examined since 1983 with no
significant change in the flaw length or depth. The flaw length
is approximately 8% of the pipe circumference, making it
"marginal" if the 1988 flaw characteristic is any longer.

Action - Examine ear.y

- This weld has been examined since 1983 with no
significant changes observed. The flaw length exceeds the NRC
criteria. An analysis which considers the relatively low applied
stresses and an as-welded residual stress pattern should show the
weld to he acceptable for additional service.

Actiun - Examine early

Rrcommenda‘ion - Perform analysis to determine maximum acceptable
flaw dept), thereby allowing for "real time" weld overlay repair
decisions during outage.

02AS-F1l4 This weld has been examined since 1983 with no
significant changes observed. The flaw length exceeds the NRC
criteria. An analysis which considers the relatively low applied
stresses and an as-welded residual stress pattern should show the
weld to be acceptable for additional service.

Action - Examine early
Recommendation - Perform analysis to determine maximum acceptable

flaw depth, thereby allowing for "real time" weld overlay repair
decisions during outage.
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02AD-F12 This weld was identified as flawed and IHSI-treated in
1983, the flaw being characterized as relatively long (24 inches)
and shallow (10%¥ maximum through-wall). The 1985 and 1986 UT
examinations have evaluated the flaw as short (1 inch) and less
than 25% through-wall (16 and 17%). In all likelihood, the 1983
flaw length was due to problems associated with flaw
discrimination from the ID or root geometry present in this weld.

Action - Examine early

Q2BD~-F8 This weld was I. 51 treated in 1983 and post-IHSI UT
examined. Root geometry (ID) was reported. There was no
examination performed on this weldment in 1985. In 1986, a
relatively short (4-1/2 inch), shallow (15% maximum through-wall)
flaw was evaluated.

Similar observations have been made of flaws in large diameter
stress improved welds, most notably during the recent Quad Cities
Unit 1 outage.

Action - Examine early

The following two (2) welds were not evaluated as flawed based on
the 1986 examinations, but have previously been reported as
flawed. They are included in this discussion due to their
"potential for concern" in the next augmented examinations.

02BS~-S12 This weld has been reported as flawed since 1983. The
flaw characteristics (flaw length) would exceed the NRC criteria.
A plug sample was removed in 1983 which demonstrated that the
"flaw" is a geometric signal from a backwelded root.

Action - Examine early

02BS-F14 This weld was reported as flawed (short, shallow) in
1983 and 1985. In the 1986 examination, the UT signal was

evaluated as ID geometry.

Recommendation - Exami=e this weld as a Priority 2 this outage.

Conclusions
0f the eight (8) welds which have been reported as flawed since

1983, no significant changes have been reported. There have been
some changes in the NRC pcsition on stress improvement



effectiveness and analytical techniques over the last year or so
which must be addressed for these welds.

It is recommended that:

these welds be examined early in the .:*age to assess any
potential changes in the flaw characteiristics.,

scoping flawed pipe analyses be performed for selected welds
to minimize the decision making process in the outage, and

bid designs be prepared for these welds to obtain the
"lowest cost" if weld overlay repairs are required.
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ATTACHMENT 3

Discussion Regarding
Prioritization of IGSCC Susceptible
Reactor Recirculation System

i i Weld

Based on the 1983, 1985 and 1986 ultrasonic examinations, there
are twelve (12) flawed 12-inch recirculation riser welds - ten
(10) of which are repaired using weld overlays. The two (2)
remaining flawed welds are '"repaired" Dby stress improvement
(IHSI) and have been observed as not exhibiting any significant
change with service. The flaw characteristics in these welds
(02D-S3 and O2M-S4) are short (<5% circumference) and shallow
(<25% through-wall), therefore comply with the NRC position
expressed in Revision 2 of NUREG-0313.

Shop weld radiographs were reviewed for the presence of the weld
root (i.e., absence of ID grinding), major repaired areas and the
presence of "wide" weld roots/crowns.

The radiographic review data was then compared with the presence
of flaws reported in prior examinations. As was noted with the
Unit 1 results, all prior flaws were identified in "wide" welds.
The additional wide weld examination history was reviewed for the
unflawed and wide welds. Welds with reported ID geometry in at
least one prior examination were identified as high priority
welds.

Review of a sample of the riser field welds showed the presence
of an identified root, scattered weld repairs and "normal" weld
fit-up. Specific weld data is not possible at this time.

Priority 1

02D~S3
02M-54

Priority 2

02D-S4
O2E~-S3
02E~-S4
O2H-S3
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Priority 3

02C~-S4
O2H-S4
02L~-S4
02C~F2
02D-F2
O2F=-F2
02B-F6 (riser to header)

Priority 4 - Remainder

Recirculation Header Welds

The only flawed 22-inch welds in the recirculation header are the
two (2) end caps, both of which have been weld overlay repaired.
It should be noted that while not definitive, it is believed that
the eight (8) sweepolet-to- header welds are solution heat
treated and therefore not susceptible to IGSCC.

Priority 1 and 2 - None

Priority 3 -

02A-54
02B~F1
O2F~1E
02-F2

Priority 4 - Remainder

Thirteen (13) 28-inch welds have been reported as flawed during
the 1983, 1985 and 1986 ultrasonic examinations, six (6) of which
have been weld overlay repaired. Two (2) welds which have been
reported as flawed have Dbeen re-evaluated as geometric
indications from a "backwelded" root, one by UT and one via a
"plug sample." The remaining five (5) welds are "repaired" by
stress improvement (IHSI).
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Qthe- Recirculatjon System Welds

There have been no flawed welds in the 4-inch recirculation
bypass lines which were repaired in the mid- and late-1970s.
These have not been shown on previous CECo submittals to the NRC,
though they were all successfully examined in 1983 (one in 1985,
none in 1986). It might be advisable to examine selected bypass
welds during the 1988 outage. The recommended se’ections might
include to end cap-to-pipe and/or terminal ends.
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ATTACHMENT 4

Discussion Regarding
Prioritization of IGSCC Susceptible Welds
(Systems Other Than Recirculation)

In the past, there has been limited IGSCC remedy application to
stainless steel weldments in systems other than the recirculation
system at Quad Cities Unit 2. Remedy application has been
limited to IHSI application to primary welds (inboard of the
first isolat‘on valve) and IHSI and HSSW on the RWCU system.
There has also been material replacement in the RWCU and core
spray systems.

The current study has generally been limited to an historical
review of ultrasonic (UT) examination results, comparisons with
Unit 1 and general review of radiographs for the larger diameter
systems (16- and 20-inch). The results are presented by system.

RHR - Shutdown Cooling System (SDC)

1GSCC flaws have been identified in the SCC system inboard and
adjacent to the first isolation valve (2 of 4 welds). The
remainder of this system is generally lower in temperature as one
moves upstream from the isolation valve, therefore diminishing
IGSCC susceptibility. Both the unflawed welds inboard of the
first isolation valve were IHSI treated in 1983 and have not been
examined since then.

The general radiographic review indicated a general absence of
grinding in field welds and some limited repairs.

The welds have been prioritized as follows:
Priority 1 = None

Priority 2 - 10S-S3 and 10S-F4

Priority 3 - 108-S6, 10S-S7/ and 105-S8

Priority 4 - Remainder

% .2 — Lbor

Historically, IGSCC has not been observed in the LPCI system in
either unit at Quad Cities (one observation last Unit 1 outage).
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The field weld radiographs indicated limited repays and ninimal,
if any, grinding. TIHSI treatment was applied to a limited number
of LPCI welds inboard of the firs% valve in 1983.

The welds have been prioritizod as follows:

Priority 1 - None

Priority 2 - 10AD-F1, 10BD-F1l and 10AD=-S5

Priority 3 - 10AD-74 (or F4), 10AD-F1l2 and 10BD-£4 (or F4)

Priority 4 - Remainder

Core Spray

The Quad Cities core spray systems (bcth units) were found flawed
ir. 1979 and 1980. Many sigaificant (leaking) axial flaws were
detected, some traversing the weld. The affected sections were
replaced with carbon steel.

As part of the pre-MSIP examinations during the 1987 Unit 1
refueling outage, IGSCC (mostly axial flaws) were detected by UT
in several (6) welds. Based on these observations and the
history of * :e core spray system, it is recommended that a sample
of these weids are exarined early in the Unit 2 outage.

The welds have been prioritized as follows:

Priority 1 - Kone

Priority 2 - 14A-F2 and 14B-F2

Priority 3 - Remainder inboard of first closed valve
(exclusive of 14A-F4R,to F1OR and 14B-F4R to
F11R)

Priority 4 - Remainder outboard »f first closed valve and

the clad carben steel to existirg stainless
steel welds

Jet Pump Instrument Nozzles (JPI)

The jet pump instrument nozzlc welds were all examined in 198%5
and no evidence of IGSCC was detected. One weld was re-examined
in 1986 and confirmed the 1985 results.
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Based on the lListory of these welds, IGSCC is not expected to be
discovered dvring the 1988 outage. The most likely welds for
IGSCC thougr vould be the S5 and Fl1 welds in each assembly.

Reactor Water Clegz "\p (RWCU)

The Unit 2 RWCU system has exhibited IGSCC in the past and has
mostly been replaced with low carbon material and has been
remedied by either heat sink welding or IHSI. Based on this,
there is little likelihood of IGSCC in the system cther than in
the 128-F1 'or S1) ard the 12S-F1R welds. The attachment weld
may not be able to be examined due to its configurat.on
(reinforcing plate).

CRD _Return
The contrel rod drive return system has historically been free of
IGSCC. Current plans include system removal and capping,

therefore the weld which would remain (0?-S0) is recommended fcr
examination durinc the 1988 outage.

T..: aead spray and head vent systems have historically been free
from IGSCC at Quad Cities. Ultrasonis examination results fron
prior outages has been reviewed and does not indicc.e any
ar malies which would suggest that there are no welds with high
praiority in either system.



