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1.0 INTRODUCTION

Carclina Power & Light's (CP&L's) Brunswick Steam Electric Plant
Unit 2 (BSEP-2Z) performed augmented ultrasonic examinations as
part of its inservice inspection program of austenitic stainless
steel welds in the recirculation and related systems during the
Fall 1989 refueling outage. During this inspection, indications
believed to be due to Intergranular Stress Corrosion Cracking
(IGSCC) were identified in the heat affected zones of two welds
in the recirculation system. One of the welds, weld 22-AM-1, a
22=-inch diameter recirculation header cross-tie valve to pup
piece weld, contained one circumferentially orientied I1G3CC-like
defect. The other weld, weld 28-B10, a 28~inch diameter pipe to

pump suction elbow weld, contained 8 axial IGSCC~-like
indications. The flaws in weld 28-B10 were repaired by
application of a weld overlay meeting the "standard" weld overlay
criteria of NUREG-0313, Revision 2 (Reference 1). The fl.v in

weld 22-AM-1, was of a limited circumferential extent and dep h.
Thus a flaw evaluation was performed for this weld in accordance
with the Reference 1 requirements to 3justify the weld for
continued operation without a repair.

The as-built dimensions of the weld overlay repair applied to
weld 28-B10, during the Fall, 1989 outage were reviewed and found
to meet or exceed the design minimum dimensional requirements for
the repair. An evaluation of the effects of the weld overlay
induced shrinkage on the existing recirculation piping system,
including the replaced recirculation riser piping and safe ends
was also performed. Significant stresses do not result from the
1989 weld overlay repair.

This report documents the design analysis and evaluation
activities conducted on the flawed welds by Structural Integrity
Associates (SI) for CP&L and summarizes the current state of the
recirculation piping at BSEP-2. Section 2 defines the design
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criteria employed on the affected locations. Section 3 discusses
the analysis and weld overlay repair design for the new repair
(weld 28-Bl0) and the crack growth analysis for the flawed weld
(22-AM1) for which repair was not required. The analysis of weld
overlay induced shrinkage stress is also discussed in Section 3.
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2.0 DESIGN CRITERIA

The requirements for design of weld overlay repairs are defined
in NUREG=0313, Revision 2 (Reference 1). Flaws are evaluated and

the analytical basis for the repairs are in accordance with the

requirements of ASME Section XI, IWB-3641 (Reference 2) as

specified in NUREG-0313. Weld overlay repairs are crnsidered to
be acceptable long term repairs to IGSCC flawed locations if they
meet a conservative set of design assumptions which qualify them
as "standard" weld overlays, in accordance with NUREG-0313, Rev.
2. The twn principal design requirements to qualify a weld

overlay as a "standard" weld overlay and therefore IGSCC Category
E are:

The design basis flaw for the repair is a circumferentially
oriented flaw which extends 360° around the component, and
is through the original component wall. This conservative
assumption eliminates concerns about the reliability of the
ultrasonic inspection which initially identified the flaw.
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.

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 1, the reguirements
of the CP&L Design Basis Document DBD-85-20, Revision 6
(Reference 3) apply to the design of weld overlay repairs at

BSEP-2. This document defines the applicable Codes and
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regulatory basis for the repairs, and alsc specifies inspection
requirements for in-process and completed repairs.

The applied stresses used in the design for the flaw evaluation
and the weld overlay repair were taken from Reference 4 and are
summarized in Tables 2-1 and 2-2. As required by ASME Section
XI, IWB-3640 (Reference 2), pressure, deadweight, and seismic
components were considered in the design of the weld overlay
repair for weld 28-B10. Thermal and other secondary stress
components are not required to be addressed, 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. The stresses used for
the crack growth evaluation of weld 22-AM-1 include pressure,
deadweight and thermal stresses as well as weld overlay induced
shrinkage stresses.

SIR-90-016, Rev. 0 2=2
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Table 2-1

Stress Components for Flaw Growth Analysis

Weld Number pPressure Stress Deadweight Thermal Total

(psi) (psi) (psi) (psi)
22=AM~-1 5502 622 1302 7426
Table 2-2

Stress Components for Weld Overlay Design

Weld Number Pressure Stress Readweight + Seismic TIotal
(psi) (psi) (psi)
28-B10 6750 1281 8031
SIR-90-016, Rev. 0 2=3 ]
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3.0 ANALYSIS

As previously noted, flaws were identified in two locations in
the recirculation system during the 1989-1990 inspection program
at BSEP-2. One location was the 22-inch ring header cross-tie
valve to pup piece weld, 22-AM-1. The second location was the
28-inch pipe to pump suction elbow weld, 28-B10. A standard weld
overlay repair, as definei in Section 2 of this report, was
designed and applied to the weld 28-B10 locatisn. A flaw growth
evaluation providing justification for continued operation in
accordance with the Reference 1 reguirements was performed for
weld 22-AM~-1. This section describes the design and analysis
performed for these two welds, as well as the shrinkage analysis
performed for the recirculation system.

3.1 FElaw Characterization

Table 3-1 summarizes the flaw characterizations for the two
locations addressed by this report (References 5 and 6). For
weld 28-B10, the existence of 8 axial flaw indications exceeds
the number allowed by Reference 1 for continued operation without
a repair. For weld 22-AM-1, the single circumferential flaw met
the Reference 1 conditions such that a crack growth evaluation is
permitted to justify continued operation without a repair.

3.2 Weld Overlay Design Calculations

For design of the repair, the flaws in weld 28-Bl) were assumed
to be circumferentially oriented, to extend 360° around the pipe,
and to be through the original comporent wall thickness.
Comparison of the observed flaws listed in Table 3-1 to that
assumed for this design demonstrates that this assumption is very
conservative.
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The weld overlay design thickness was determined using the
Structural JIntegrity Associates computer program pc=CRACK
Reference 7), which automates the calculaticn of ASME Section
XI, IwWB-3640 margins and allowable flaw depths. The primary
stresses listed in Table 2-2 were used as input to the repair
thickness calculations. The computer output for this calculation
is included for reference in Appendix A of this report.

In accordance with Reference 1, the outside surface of the weld
hoat affected zone of the pipe and elbow were surface examined
and determined to be free cf defects. The initial layer of
deposited weld metal contained a ferrite level of gresater than
7.5 FN, such *hat IGSCC credit can be taken for the initial weld
layer.

The minimum full thickness weld overlay length L was determined
from:

L=1.5* Rt

where:
R is the pipe ocutside radius, and
t is the pipe wall thickness

The design thickness and length for the weld overlay for weld
28-Bl0 are presented in Table 3-2; the as-built dimensions for
this overlay repair are also included in Table 3-2 for
comparison. The as-built dimensions exceed the design minimum
dimensions following surface finish improvement. Consequently,
the as-built weld overlay repair for weld 28-Bl0 is acceptable as
a standard weld overlay in accordance with Reference 1.

SIR-90-016, Rev., 0 3=2



3.3 [Elaw Growth Evaluation For Continued Service Justification

A crack growth evaluation was perforred in accordance with the
Reference 1 requirements for wveld 2.-AM-1, the cross-tie valve to
pup piece wesld in the recirculatio~ system ring header at BSEP-2.
The conclusion of the evaluation was that the observed flaw, as
described in Tabkle 3-1, will not grow t¢ a depth corresponding to
the allowvable flaw wize permitted by Secticn XI, Table IWB~3641-5
(Reference 2) in less than 24 months, even under a conservative
set of assumptions which include estimated weld overlay shrinkage
stresses which are expected to bound the stresses anticipated at
this location due to system weld overlay application. The input
shrinkage stress was assumed to be that which resulted from
system-wide weld overlay application prior to pipe replacement in
1989, These stresses have been reduced by the removal and
replacement of the 12" risers in 1989, but were used here as a
worst case bounding shrinkage stress case. Without consideration
of ehrinkage stresses, the remaining ccceptable service life of
weld 22-AM-1 is greater than 56 months.

Both sets of flaw gr-.th calculations (with the previous riser
weld overlay shrinkage stresses and without these shrinkage
stresses) were performed using the SI computer program pc-CRACK
(Reference 7) and the residual stress correlations and flaw
growth methoiology of Referance 1.

Appliec¢ stresses were taken from the Reference ¢ struss report.
The initial flaw characterization was taken from Reference 5 as
presented in Table 3-1.

The results of this evaluation are presented in Appendix A. The
calculations show that the flaw remains below the Section XI
allowable for a minimum of 24 months, even including the
shrinkage stresses due to the old weld overlay repairs on the
risers. The remaining service life is greater than 56 months
when the riser shrinkage stresses are not includes.

SIR-90-016, Rev. 0 3=3 . ~STRUCTURAL



275

These results confirm that the syctem may be operated
conservatively for the next fuel/operating cycle with weld
22-AM~-1 in its present unrepaired condition. This weld should be
reinspected and re-evaluated during the next refueling outage in
accordance with Reference 1 reguirements.

3.4 VWeld Overlay Shrinkage Stress Analysis

Weld overlay shrinkage, which helps produce the very favorable
residual strnss benefits of the weld overlay, also produces
secondary stresses at other locations in the repaired system.
These stresses may affect the potential for crack growth at
unrepaired locations, and consequently the effects of weld
overlay induced shrinkage must be assessed in the acceptance
evaluation for these repairs. The measured shrinkage values
resulting from the application of the single repair applied
during the present outage, tcgether with those observed during

previous repair activities (Reference 8), are listed in Table
3=3. Note that the Table 3-3 weld overlays include cnly those
repairs on the 22 inch and 28 inch diameter welds. The riser

replacement pertormed during this outage removed all of the 12
inch diameter cverlay repairs

In order to assass the effects of weld overlay shrinkage on
unrepaired locations in <the recirculation system, a finite
element analysis of zhe o2antire system was performed using the
ALGOR SUPERSAP computer program (Reference 9). The finite
element model is shown in Figure 3-1. Weld overlay shrinkage was
simulated in the analysis by imposing a fictitious thermal
contraction between the locations representing the ends of the
repairs in the model. The analysis included not only the
measured shrinkage resulting from the single weld overlay applied
to weld 28-710 during the current outage, but alsc the effects of
the remaining previously applied weld overlays on the 22-inch or
28~inch portisns of the recirculation system (9 previous weld
overlays as illustrated in Table 3-3).

SIR-%0-01%5, Rev. 0
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The shrinkage stress results for the three flawed and unrepaired
locations in the recirculation system are summarized in Table
3-4. Weld overlay shrinkage induced stress is a secondary
stress, which must be addressed in evaluation of flaws accepted
without repairs, but are not included in design of standard weld
overlays, as discussed in NUREG-0313 (Reference 1). Note that
the flaws in two of the three flawed and unrepaired welds are
axial, and not affected by shrinkage stresses.

The shrinkage stress to the circumferential flaw in weld 22-AM-1
has been bounded in the flaw analysis in Section 3.3. The
results indicate that the stresses predicted to result from the
aggregate weld overlay shrinkage in the recirculation system are
small enough that effects on unflawed locations will be
insignificant.
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Table 3-1

Observed Flaws In Welds During 1989-1990 Outage

Weld Number Flaw Characterization

22~AM-1 Circumferential: 2.4" long,
16% through wall, pipe side

28=B10 Axial: 8 flaws: 0.55" maximum
length, 20% maximum through
wall, elbow side

Table 3-2

1989 Weld Overlay Repair Design and As-Built Dimensiuns

Design As-Built
Weld Number Length Thickness Length Thickness
(in) (in)
28-B10 6.20 0.440 6.367 0.573
SIR-90-016, Rev. 0 3=6
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Table 3-3

Measured Weld Overlay Shrinkage

Weld Number Total Shrink:ge
22AM~5 0.193
22BM~1 0.235
28A=~4 0.117
28A-C 0.066
28A=-13 0.048
28B=3 0.132
28B-4 0.076
28B=5 0.083
28B-10 0.0705
28B-11 0.085

Table 3-4

Weld Overlay Shrinkage Induced Stresses at Unrepaired, Flawed
Welds

Weld Number Flaw Orientation Stress
(psi)
22=AM-1 Circumferential 320
28=Al Axial 613
28~-B1l Axial 226
SIR-20-016, Rev. 0 3=7 r\f“ mm






4.0 CONCLUSIONS

During the Fall, 1989, refueling outage, two new flaws were
detected in large diameter recirculation system piping components
at Brunswick Steam Electric Plant Unit 2. One weld, containing 8
axial flaws, received a standard weld overlay repair in
accordance with Reference 1 criteria. The second weld,
containing a single, shallow circumferential crack, was analyzed
to be suitable for continued service without repair in accordance
with the requirements of Reference 1.

Analysis of the effects of weld overlay shrinkage irduced
stresses was performed, and the resulting stress on the three
unrepaired locations in the recirculation system was observed to
be acceptably low. The values were conservatively bounded by the
prior shrinkage analyses, wherein the weld overlay repaired riser
welds were still in the systen.

The recirculation system at BSEP2 currently containg 10 locations
which have been repaired by the weld overlay technique. There
remain two 28-inch flawed and unrepaired nozzle to safe end
weldments and one 22-inch flawed and unrepaired cross-tie valve
to pup piece weldment. These three welds and other locations in
this system have been treated by the Induction Heating Stress
Improvement (IHSI) technique or the Mechanical Stress Improvement
Process (MSIP) and the plant is currently operating with Hydrogen
Water Chemistry (HWC) to mitigate the potential for further
IGSCC. Consequently continued operation with these flaws in
their present condition is justified.

SIR-90-016, Rev. 0 4=-1
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APPENDIX B

Flaw Growth Analysis f:.
Weld 22-AM~-1
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PIPE GEOMETRY:
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WALL THICKNESS

CRACK GEOMETRY:
CRACK DEPTH
CRACK LENGTH

THE FLAWED PIPE IS
THE ALLOWABLE

AND DEFAULT
CONDITIONS
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SAFETY

MEMRRANE STRESS
BEI:-ING STRESS
EXPANSION STRESS
DESIGN STRESS
(Pm + Pb)/Sm
STRESS RATIOD

M FACTOR

a/t

l/circumference
-
t

ALLOWABLE a/

ALLOWARBLE a/t

22-AM1

STRUCTURAL

EVALUATION ASSUMES DEFAULT MATERIAL

tm
pc~-CRACK
COPYRIGHT 1984, 1988
INTEGRITY ASSOCIATES,
JOSE, CA (408)978-8200
VEREION 2.0

(C)
INC.
SAN

ALLOWABLE FLAW SIZE EVALUATIONS
IWB-2640/50 PROCEDURES AND CRITERIA

CRACKS IN STAINLESS STEEL PIPING

SUBMERGED ARC WE

B
-

PROPERTIES
00
2%

.1800
2.4000

TO FAIL DUE TO UNSTABLE LUCTILE TEARING (EPFM)
DETERMINED USING CODE TABLES

FOR NORMAL OPERATING (INCL. UPSET & TEST)

. 502¢ (SAFETY
.3810 (SAFETY
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.0347
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1.000)

"o M

(DOES NOT INCLUDE
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USING ASME
FOR CIR

MATERIAL IS SPECIFIED

DEFAULT PROPERTIES:
DESIGN STRESS
FLOW STRESS

"o

CPL=-09Q: WELD 22-aMl
THE EVALUATION ASSUME

PIPE GEOMETRY:
OUTER DIAMETER
WALL THICKNESS

CRACK GEOMETRY:
CRACK DEPTH
CRACK LENGTH

Hown

"on

tm
pc~CRACK
(C) COPYRIGHT 1984, 1988
STRUCTURAL INTEGRITY ASSOCIATES., INC.
SAN JOSE, CA (408)978-8200
VERSION 2.0

ALLOWABLE FLAW SIZE EVALUATIONE
SECTION XI, 1wB-3640/50 PROCEDURES AND CRITERIA
CUMFERENTIAL CRACKS IN STAINLESS STEEL PIPING

A% SUBMERGED ARC WELD

S DEFAULT MATERIAL PROPERTIES
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. 1250
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- N

. 1800
. 4000

N o

THE FLAWED PIPE IS ASSUMED TO FAIL DUE TO UNSTABLE OUCTILE TEARING (EPFM)

THE ALLOWABLE FLAW

nwm

AND DEFAULT SAFETY Fa

CONDITIONS

MEMBRINE STRESS (Pm)
BENDING STRESS (Pb)
EXPANSIOMN STRESS (Pe)
DESIGN STRESS

(Pm + Pb)/Sm

STRESS RATIO

M FACTOR

a/t

l/circumference
ALLOWABLE a/t

ZE 1S DETERMINED USING CCDE TABLES
CTORS FOR NORMAL OPERATING (INCL. UPSET & TEST)
= §5.5020 (SAFETY FACTOR = 2.770)
= 1.3810 (SAFETY FACTOR = 2.770)
€ 4.9020 (SAFETY FACTOR = 1.000)
2 16.9500
z 0.4061
= 0.5513 (DOES NOT INCLUDE S.F.)
= 1.0800
= 0.1600
= 0.0347
= 0.6000

l/circumference

.00 0.10 0.20 0.30 0.40 0.50
ALLOWABLE a/t 0.6000 0.6000 0.6000 0.6000 0.6000 0.4900



