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1.0 INJRODUCTION

This report summarizes analyses performed by Pacific Nuclear
(formerly NUTECH) for evaluation of indications in the Reactor
Recirculation and Shutdown Cooling systems at Commonwealth
Edison’s Quad Cities Nuclear Power Station Unit 2 at the end
of its 1993 outage. Since 1983, ultrasonic (UT) examinations
of the welds in these systems, as well as the Reactor Water
Clean-Up system, have identified flaws judged to be
Intergranular Stress Corrosion Crackiang (IGSCC). There are
currently thirty-seven flawed weldmen.:s at Quad Cities Unit 2
including one flawed weld identified and repaired during the
1993 outage. One flawed weldment was replaced in 1983 and
three overlay-repaired weldments were replaced in 19%0. 1In
addition, two weldments originally identified as flawed in
1983 are now believed to be unflawed. The locations of all
the currently flawed welds and two welds which received "load
balancing" overlay repairs are shown in Figures 1.0-1 and
1.0-2,

A summary of the overlay application, flawed pipe evaluation,
and spool piece replacement history at Quad Cities Unit 2 is
shown in Table 1.0~1 and is briefly described below.

Appendix A presents descriptions of the IGSCC indications at
Quad Cities Unit 2.

This report includes the sustained stress evaluations
performed by Pacific Nuclear of unflawed and unrepaired IGSCC-
susceptible piping that has had or may receive Stress
Improvement (SI).

COE~301-200 1.1 m ‘-
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Q2R7 (1983) Outage

Two Reactor Recirculation system welds (02E-F6A and
02M-F7) were identified as containing flaws and were
repaired with “engineered" weld overlay repairs. Both of
these welds were built-up to “standard" weld overlay
repairs during the 1986 outage.

The weld overlay repair designs and flawed pipe
evaluations performed during the 1985 cutage at Quad
Cities Unit 2 are described in NUTECH Document No. CEC-
20~013 (Reference 2).

QZRB _(1986) Outage

Flaws were detected in five additional Reactor
Recirculation system welds. Four of these welds were
repaired with "standard" weld overlay repairs. The
remaining weld (02BD-F8) was evaluated during the 1986
and 1988 outages using flawed pipe criteria and found to
be acceptable for continued service. This last weld was
repaired with a "standard" weld overlay repair during the
1990 outage.

The design of weld overlay repairs and evaluations of
built-up weld overlay repairs and flawed welds performed
during the 1986 outage are described in NUTECH Document
No. CEC-73-203 (Reference 3).

. ® PACIFIC
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Q2RS (19588) Outage

Twelve new Reactor Recirculation and Reactor Water Clean-
Up system welds were identified as having flaws. Eleven
were repaired with “"standard" weld overlay repairs. Two
of these repaired welds (125-S24 and 12S-F26AR) were
replaced during the 1990 outage. The remaining weld
(02AD-56) was evaluated using flawed pipe criteria and
found to be acceptable for continued service. This last
weld was later repaired with a “standard" weld overlay
repair during the 1990 ocutage. In addition to the
"standard" weld overlay repairs on the eleven flawed
welds, two unflawed welds (02C-S4 and 02H~S4) received
"lcad leveling" standard weld overlay repairs to reduce
(balance) overlay repair axial shrinkage stresses at
other unflawed weldments in the Reactor Recirculation
systen.

The evaluation of the flawed welds and weld overlay
repairs applied during the 1988 outage are described in
SIA Document No. SIR-88~018 (Reference 4).

Q2R10 (1990) Cutage

No new IGSCC flaws were identified during the 19%0
cutage. However, one weld (02J-83) which received a
“standard" weld overlay repair during the 1588 outage was
thought to have significant IGSCC growth into the weld
overlay repair. A boat sample taken from this weld
conclusively demonstrated that this Cracking was arrested
at the pipe wall-to-weld overlay repair interface (see
Appendix D).

An overall evaluation of the weld overlay repairs applied
through the Quad Cities Unit 2 1990 outage is documented '
in NUTECH Document No. XCL-42-252 (Reference 5) »
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2.0 QVERLAY DESCRIPTION

-At the end of the 1993 outage, a total of thirty-nine overlays
exist at Quad Cities Unit 2. Thirty-seven c¢. these overlays
are "standard" overlay repairs and two have been applied as
"load leveling" overlays using "standard" overlay repair

designs.

All of the overlays were made by increasing the pipe wall
thickness through the deposition of weld metal 360° around and
to either side of the existing weld. The weld-deposited band
provides additional wall thickness to restore the original
Code safety margin. Because cf waterbacking, the welding
process produces a strong compressive residual stress pattern
on the inside portion of the pipe wall (as discussed in
Reference 8) thereby preventing further crack growth. The
deposited weld metal is either Type 308L or Type 309L with
controlled delta ferrite content so as to be resistant to the
propagation of IGSCC. The overlay design drawings are
presented in Appendix B while the current as-built information
for all overlays is in Appendix A.

The application of an overlay causes a small amount of axial
shrinkage underneath the overlay. These shrinkages cause
additional stresses at other locations in the piping system
and their effect must be evaluated. The as-measured
shrinkages compiled from work packages for each overlay are
shown in Appendix A.

The nondestructive examination (NDE) reguirements for each
overlay applied at Quad Cities Unit 2 consisted of the
fellowing:

COE-301-200 2.1 .Pﬁl:‘[
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A Surface examination of the existing pipe surface by the
liguid penetrant testing (PT) technique in accordance
with ASME Section XI. All PT indications were repaired
prior to application of the weld overlay. Acceptable
repair methods were as follows:

a. For indications which are the result of geometric
conditions (e.g., overlap, undercut, grinding marks,
and scratches), the indications were removed by
grinding prior to weld overlay application. No
welding of the ground cavity was reguired.

b. For any linear indication, regardless of length, and
for any rounded indication in the region of the
original weld heat-affected zone (HAZ), the
indications were weld repaired after removal.

After repairs, the existing pipe surface was re-pT
examined and re-repaired, if regquired, until found
acceptable.

- Delta ferrite content measurement of the first layer of
new overlays or the first layer to increase the length cof
an existing overlay.

X Enhanced visual examination of the first overlay layer
for evidence of IGSCC flaws for new and built~up overlays
(discoloration, porosity, etc.).

4. Surface examination of the completed overlay by the PT
technigue using methods in accordance with ASME Sections
V and XI. All PT indications were reported to CECo for
resclution. ‘

COE-301-200 2.2 .m
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5. Volumetric examination of the completed overlay and part
of the original pipe wall by the ultrasonic testing (UT)
technigue developed by EPRI.

All UT examinations were performed by EPRI-qualified
examiners.

Revision 0
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3.0 EVALUATION CRITERIA
3.1 Weld Overlay Repair Evaluation

All “"standard" weld overlay repairs at Quad Cities Unit 2 were
designed tc meet the reguirements of NUREG-0313. The
following criteria were used by Pacific Nuclear to
design/evaluate all of the weld overlay repairs listed in
Appendix A:

e For welds with circumferential flaws, the circumferential
flaw depth was assumed to egual the greater of 100% of
the original pipe wall thickness or the depth associated
with the smallest remaining ligament by a conservative
360° length.

2. For welds with axial flaws, the axial flaw depth was
assumed to be 100% of the original pipe wall thickness
with a length egual to the greater of 1.5 times the
pipewall thickness or its measured length. If an axial
flaw was drawn up into the overlay due to a steam blow-
out, the actual flaw cf2pth was used.

- [ Credit was taken for the first layer if the delta ferrite
content was at least 7.5 FN. If the ferrite content was
below this value, any circumferential or axial flaws were
assumed to extend through the first layer.

4. A bounding under-the-overlay fatigue crack growth of
0.005 inch was used in the overlay design. This was
established based on analyses performed by Pacific
Nuclear in References 1, 2, and 3 using a conservative
Crack growth correlation derived from data presented in
Reference 9.

COE-301~-200 3.1 .WI:I—‘I:
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5. For circumferential flaws, the weld overl:y repair
strength for a combination of dead weight, internal
pressure, and seismic stresses was compared to the net
section plastic collapse criteria of ASME Section XI,
Table IWB-3641~1 (Reference 10). Because this table has
an arbitrary cut-off point at a stress ratio of 0.6,
Pacific Nuclear has developed an expanded version (Table
3.1-1) based upon the source equations shown in Figure
3.-1»3.

6. For axial flaws, the weld overlay repair was compared to
"leakage barrier" weld overlay repair criteria presented
in Table 3.1-2 from NUTECK Document COM-76-001
(Reference 11).

3.2 Evaluation of Sustained Stresses at Unflawed Locations

As part of CECo’s IGSCC mitigation program, various IGSCC-
susceptible piping welds at Quad Cities Unit 2 bave been
mitigated by the Induction Heating Stress Improvement (IHSI)
process or the Mechanical Stress Improvement Process (MSIP).
Other susceptible welds may be considered for future stress
improvement (SI) mitigation. Because th: effectiveness of SI
treatment is related to the applied stress acting on a
weldment, it is recommended in Supplzment 1 to Generic Letter
88-01 (Reference 12) that the service or sustained stress
(unintensified internal pressure + dead weight + thermal
expansion + weld overlay shrinkage stresses) for weldments
receiving SI treatment be evaluated. The sustained stresses
for unflaved and unrepaired welds outside of NUREG-0313 ISI
Inspection Category "A" in various susceptible systems are
tabulated in Appendix C.

COE-301-200 3.2 .m
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Table 3.1-1

EXPANDED ALLOWABLE END-OF-EVALUATION PERIOD
ELAW DEPTH-TO-THICKNESS RATIOS FOR CIRCUMFERENTIAL FLAWS IN
G

BASE METAL OR GTAW WELDMENTS DURING NORMAL OPERATING CONDITIONS

(see Note 1)

RATIO OF FLAW LENGTH (L) TO PIPE
CIRCUMFERENCE (Note 3)

STRESS
RATIO
(Note 2) | 0.2 0.1 0.2 0.3 0.4 | 20.5

1.5 (4) | (4) | (4) | (4) | (&) | (&)
1.4 0.75 | 0.40 | 0.21 | 0.15 | (4) | (&)
1.3 0.75{0.75]{0.39 | 0.27 | 0.22 | 0.19
1.3 0.75 | 0.75 | 0.56 | 0.40 | 0.32 | 0.27
1.1 0.75|0.75 | 0.73 { 0.51 | 0.42 | 0.34
1.0
0.9
0.8
0

0.75 | 0.75 | 0.75 | 0.63 | 0.51 | 0.41
0.75 |1 0.75 1 0.75 | 0.73 | 0.59 | 0.47
0.75 | 0.75 1 0.75 | 0.75 | 0.68 | 0.53
.7 0.75 1 0.75 | 0.75 | 0.75 | 0.75 | 0.58
0.6 0.75 | 0.75 | 0.75 | 0.75 | 0.75 | 0.63
0.59 0.75 | 0.75 | 0.75 | 0.75 | 0.75 | 0.68
0.49 0.75 ] 0.7510.75 | 0.75 | 0.75 | 0.73
<0.36"® |0.75]0.75|0.75|0.75 | 0.75 | 0.75

NOTES :
(1) Flaw Depth = "a" for a surface flaw or
"2a” for a subsurface flaw.
-t = nominal thickness.

Linear interpolation is permissible.

(2) Stress Ratio = (P, + P,)/S5,

where:

P, = primary longitudinal membrane
strees (P, s 0.585_).

P, = primary bending stress.

S, = allowable design strees intensity
in accordance with ASME Section III
(Reference 13).

{3) Circumference based upcon nominal pipe diameter;
o i = end-of-evaluation period flaw length.

i4) IWB-2514.3 shall be used.

(8) Derived using source eguations (Figure 3.1-1).

COE-301-200 3.3 'm
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Table 3.1-~2

LEA¥AGE BARRIER REPAIR CRITERIA
FOR AXIAL FLAWS

W
(Reference 11)

STRESS NONDIMENSIONAL FLAW LENGTH (Note 2)
RATIO
(Note 1) 0.00 0.25 0.50 1.00 2 2.00
1.00 {(3) (3) (3) (3) (3)
0.95 (4) (4) {3) (3) {3)
0.90 (4) (4) (4) {3) (3)
0.80 (4) (4) (4) (4) (3)
0.70 (4) (4) (4) (4) {3}
0.60 (4) (4) (4) (4) (3)
0.50 (4) (4) (4) (4) (3)
€0.40 (4) (4) (4) (4) {3)
NOTES:
(1) Stress Ratio = (P * OD)/(2 = t * §,)
where:
= maximum pressure for normal coperating
conditions.
oD = nominal outside diameter of pipe.
= nominal thickness.
S, = allowable design stress intensity
in accordance with ASME Section I1I
(Reference 13).
(2) Nondimensicnal Flaw Length =
V -t
where:
R = Nominal radius of pipe.
L = end~of-evaluation period flaw length.

(3) IWB-3640 shall be used.

(4) Only a "Leakage Barrier” weld overlay repair is regquired

(t 2 0.125"%).

COE-301~-200
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CROSS-SECTION FLOW STRESS APPUED STRESS

PARTWALL WPG)

FOR § + [ < 180°:

SF(SR) - 0.5 --%(2 sin B --% sin @) =0

FOR 6 + (B > 180°:

vt(é -2
. 6 t -
= ——————_ (radians)
a
2 - -
L

SF(SR) - 0.5 - %(2 - %)sin B =0

Figure 3.1-1

SOURCE EQUATIONS FOR_ALLOWABLE END-OF-EVALUATION PERIOD
ELAW DEPTH-TO-THICKNESS RATIOS FOR CIRCUMFEREN) (AL FLAWS
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¢ = nalf-crack angle (radians)

L= total circumferential crack length

8 = neutral axis location angle (radians)

a = flaw depth (inches)

t = pipe thickness (inches)

OD = outside pipe diameter (inches)

R = mean pipe radius (inches) = (OD - t) / 2

S, = allowable design stress intensity

P, = primary longitudinal membrane stress (< 0.58,)
P, = primary bending stress

P, = unconcentrated expansion stress

For Base Metal and For SBMAW and BAW
GTAW Weldments: Weldments:

P_+P P
sg:..‘l.é_.__? M(Pn*Pb'—S—;—)

m SR =
Sm

SF = 2.77 SF = 2.77 x 1.449 = 4,018
For SMAW Weldments: For EAVW Weldnments:
M= 1.0 when OD < 24" M= 1.08 when OD < 24"
M= 1.0 + 0.01(0OD - 24) M= 1.08 + 0.009(0OD - 24)

when OD > 24" when OD > 24"

Figure 3.1-1
W, =OF =

{Concluded)
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4.0 STRESSES

As discussed in Section 3.0, various stress combinations are
used in evalu:ting weld overlay repairs and sustained stresses
acting on unflawed and unrepaired welds. This section
presents the stresses acting on the welds discussed in this
report.

4.1 Primary Stresses

Primary stresses include the effects of deadweight, internal
pressure, and seismic loads. The design pressure ~: 1,250 psi
was obtained from IMPELL, Sargent & Lundy, and Pacific Nuclear
piping system analyses (References 14 through 19). The
deadweight and seismic stresses applied to each weld were also
obtained from these references. The magnitudes of these
stresses acting on weld overlay repairs are shown in Table
4.1-1. The magnitudes of these stresses used in the sustained
stress evaluation of unflawed and unrepaired welds are shown
in Appendix C.

4.2 sse
Secondary stresses include the following:
1. Thermal Stresses
The piping system differential thermal expansion stresses
used in the sustained stress evaluations presented in
this report were cobtained from IMPELL, Sargent & Lundy,

and Pacific Nuclear piping system analyses (References 14
through 19).

COE~301-200 4.1

Revision 0 .m




2. Weld Overlay Shrinkage-Induced Stresses

Each weld overlay causes a small amount of axial
shrinkage underneath the overlay. This shrinkage
primarily induces bending stresses at other locations in
the piping system. These shrinkage-induced stresses are
calculated using the Pacific Nuclear computer program
FISTAR (Reference 20). Figure 4.2-1 presents the piping
model used. This model ir-ludes the Reactor
Recirculation, Residual Heat Removal (Low Pressure
Coolant Injection and Shutdown Cooling), and Reactor
Water Clean-Up systems inside the drywell. The actual
as-built shrinkages as presented in Appendix A are used
in the analysis. The resulting shrinkage stresses are
included in the sustained stress evaluations presented in
this report.

4.3 Sustained Stress Evaluation at Unflawed Weld Locations

As discussed in Section 3.2, sustained stresses at unflawed
and unrepaired weld locations outside of NUREG-0313 ISI
Inspection Category "A" should be evaluated. This ¢ "aluation
is limit>d to the following susceptible systems lic.2d in
CECo’s respcnse to Generic Letter 88-01 for Quad Cities

Unit 2:

Aj Pe _tor Recirculation

B) Shutdown Coocling

C) Low Pressure Coolant Injection (LPCI)
D) Core Spray

E) Reactor Water Clean-Up (RWCU)

F) Jet Pump Instrumentation Nozzles
G) Head Vent Nozzle
H) Spare Nozzles

COE-301-200 4.2
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The sustained stress level at a weld location consists of
unintensified internal pressure, dead weight, thermal
expansion and weld overlay-induced shrinkzge stresses.
Initially, a review was made of piping systems that do not
presently have weld overlay repairs. This was done to
determine if the original design code compliance of these
systems could be used to verify that the sustained stress
limits were met. It was realized that a general statement to
this effect cannost be made for plants designed under USAS
B31.1.0 because the design allowables are not related to Sy
Furthermore, stress intensification factors used in the design
make such an evaluation incompatible with the reguirements of
NUREG-0313. The sustained stresses were, therefore,
calculated on a system unique basis for the susceptible
systems listed above. The jet pump instrumentation, head
vent, and spare nozzles are affected by internal pressure only
and, therefore, are not addressed in this document. The RWCU
system currently contains only NUREG-0313 ISI Category "A“
weldments, therefore, it is not further addressed in this
document. ne sustained stresses for the welds in the
remaining systems are presented in Appendix C.
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QUAD CITIES UNIT 2

Table 4.1-1

APPLIED STRESSES FOR WELD OVERLAY REPAIR EVALUATIONS

ROTES:

DESIGH PRESSURE | DEADWEIGKY | SEISMIC TOTAL

WELD PIPE WALL STRESS STRESS STRESS OVERLAY

T THE. (t) ®) W) (OBE) STRESS
(inches) (psi) (psi) (psi) (psi)

02c-53 T.e83 6102 2 590 T06e
g2c-54" 0.690 5778 516 1106 %7
02c-#7 0.687 “bh2 397 1850 6389
o20-83 0.66% 5956 213 B4t 7010
02D-F6 0.595 5696 Ty 2604 o7YS
G2E-53 0.656 607 109 1030 213
02E-Foh 0.653 6102 342 2354 8798
02F-53 0.661 6027 23 1202 7252
02F-¥6 0.590 6753 736 3452 105461
026-83 0.662 6019 186 %11 7716
02G-54 . ™ 5940 240 805 £58Y
02n-$3 0.684 5825 120 1170 7118
02W-84"7 0.680 585¢ 156 1287 7302
024-53 0.826 L824 73 1033 5930
024-54 0.8651 6001 96 Tk 6841
024-F6 D.648 6149 2% 27 8740
U2x-$3 0.664 6001 91 1231 33
02K- 54 0.673 5921 2 689 6634
02K-F6 0.603 6608 18 3292 10318
021-53 0.664 6001 12 1557 7670
02L-$4 0.678 5674 149 M9 T242
O2m-53 0.662 6019 240 127R o3 3
O2m-54 0.68 5825 180 1048 7053
o2mM-F7 0.570 5991 a7 3532 11170
o 1.184 5802 0 & 5806
024D - $6 1.432 6110 360 673 7143
02AD-F12 1.377 6L48 s28 1825 8801
D2AS-Sé 1.428 6141 182 354 6677
0245-59 1063 6415 228 400 7043
02A8-512 1.387 £308 156 BLE 712
02AS-F 14 1.360 . ") 204 1180 THIE
028D- 56 1.420 6158 432 549 7139
02BD-FR 1.458 6263 258 435 6953
02BS-¥2 1.393 6281 110 359 6750
0285-53 1.418 6171 302 2% 6707
U285-F7 1.250 7000 324 55 ™Y
028s-812 1.617 6175 168 &2 6685
108-F1 1.016 6152 912 3090 1015
105~ 58 1.021 8122 333 390 685

(1) Total Overlay Strees = P + DW + ODE.

(2) Unflawed weld.

COE-301-200
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Figure 4.2-1

WELD OVERLAY SHRINKAGE ANALYSIS MODEL
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5.0 EVALUATION METHODS AND RESULTS

This section contains the evaluation methods and results
utilized to assess the acceptability of the overlay-repaired
weldments at Quad Cities Unit 2.

5.1 W v i \'4

Tables 5.1-1 and 5.1-2 present the pipe, weld overlay repair,
and flaw geometry details needed to calculate the applied
stress and flaw depth ratios for all the circumferentially
flawed overlay-repaired welds at Quad Cities Unit 2. Applied
stresses are found in Table 4.1-1. Table 5.1-3 presents a
comparison of predicted flaw depth ratios due to applied loads
versus the allowable flaw depth ratios for the circumferential
flaws detailed in Table 5.1-2. As discussed in Section 3.1,
the allowable flaw depth ratios shown were determired from
Table 3.1-1. As a result, all the weld overlay repairs
presented in Table 5.1-1 meet NUREG-0313, Revision 2
"standard" overlay requirements.

Tables 5.1-4 and 5.1-5 show the pipe and flaw geometric
details needed to determine predicted and allowable "leakage
barrier" remaining ligament thicknesses for all the overlay-
repaired welds at Quad Cities Unit 2. Table 5.1-6 presents a
comparison of predicted remaining ligament thicknesses for the
weldments given in Table 5.1-4 with allowable remaining
ligament thicknesses determined using the "leakage barrier"
criteria presented in Table 3.1-2.

]
:
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reportable indications" in this weldment. Therefore, Pacific
Nuclear’s modified weld overlay repair evaluation approach
appears to ove overly conservative for this weldment.
Accordingly, Pacific Nuclear believes that the following
approach should be utilized for this weldment:

a = 1.184" + 0.005" = 1.189"
- = 1.184" + (0.514" - 0.113"m) = 1.585"
a/t = 1.189%/1.585" = 0.75

Therefore, weld 02B-S9 is acceptable per NUREG-0313 and ASME
Section XI acceptance criteria.

5.3 Weld 02C-F7 Discussjion

One flawed weld (02C-F7) was identified during this outage and
given a "standard" weld overlay repair. The delta ferrite
measurement for the first layer was greater than the required
7.5 FN at all locations as indicated in Table 5.1-1. The
finished thickness of the overlay was 0.406" as indicated in
Table 5.1~1.

The effect of the 02C-F7 overlay on the deadweight and
stiffness of the piping system is negligible. The additional
welght of the overlay is less than 1/4 of a pipe diameter

(< 20 1bs.) and the thickened overlay section is less than 4"
wide on a riser that is over 17 feet long.

The effect of the 02C-F7 overlay shrinkage upon pipe supports
and whip restraints is also negligible. The maximum piping
displacement from this overlay is approximately 0.14" which is
within normal pipe support tolerances for gaps;clearances.
Thus pipe support travel and restraint clearances will not
require modification.

COE-301-200 5.3 & pAaciFiC
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Weld 02B-S9 Discussion

Weld 02B-59 received a "standard" weld overlay repair during

the 1986 outage.

Because the primary stress locad combination

acting on this weld is low, this overlay had a conservative
design thickness of 0.38" based upon a design pipe wall

thickness of

0.979", The minimum as-built overlay thickness

for this weld, excluding the low ferrite content first layer,
is 0.401" (see the Reference 3 NUTECH report).

Since the 1986 outage, Facific Nuclear has conservatively

modified its
As
approach now
thickness of
For

repairs.

layers.
thickness is
thickness is
thickness is
crack growth

a (flaw

t (thickness)

ajt

approac’. for the evaluation of weld overlav
shown in Tables 5.1-1 and 5.1-2, this modified
bases the evaluation flaw depth on the as-built
the flawed pipe wall and any low ferrite content
weld 02B~S9, the critical as-built pipe wall
1.184", the low ferrite content first layer
0.113", and the total weld overlay repair
0.514". Using a balance-of-plant life fatigue
depth of 0.005" results in the following:

depth) = 1.184" + 0.113" + 0.005" = 1.302%"
= 1.184" + 0.514" = 1.698"
= 1.302"/1.698" 77

This value is slightly greater than the Table 3.1-1 maximum
allowable a/t value of 0.75 for a flawed component having an
applied stress ratio of only 0.24.

A review of the 1988 outage volumetric ultrasonic examination

(UT) results

for this weldment (Appendix A) show that all

detectable circumferential indications are below the low

ferrite content first layer.

The 1990 and 1993 outage

velumetric UT examinations (also in Appendix A) found "no

COE-301-200
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Table 5.1-1

1 18T

woniwa | uoefoane | “ovemiar | Lavem ek | . TOTAL,

wiip PIPE O | rux. (v | THE. (1) (t)® poreenine

. (inches) | (inches) | (inches) | (inchesy | (inches)
0z2c-s3 12.750 0.653 0.355 “h 1.008
02c- 54" 12.750 0.690 0.343 " 1.033
o2c-F7 12.750 0.68 0.406 “h 1.090
020-53 12.750 0.669 0.293 N/A 0.962
020-F6 12.750 0.595 0.329 Nk 0.926
02653 12.750 0.656 0.351 WA 1.007
02E-F6A 12.750 0.653 0.314 “h 0.967
02¢-53 12.750 0.661 0.303 N/A 0.964
02F-¥6 12.750 0.590 0.355 “A 0.945
026-53 12.750 0.662 0.307 L 0.96%
626-54 12.750 0.711 0.253 %A 0.964
02H-83 12.7%0 0.684 0.326 N/A 1.9%
O2n-54" 12.750 0.680 0.313 wA 0.993
024-53 12.750 0.826 0.378 wA 1.204
024-$4 12.750 0.651 0.280 “h 0.931
02-56 12.7%0 0.648 0.372 Nk 1.020
02k-53 12.750 0. 664 0.298 wh 0.962
02K-$4 12.750 0.673 0.309 “h 0.982
02K-F6 12.750 0.603 0.316 WA 0.919
02L -53 12.750 0.664 0.333 N/A 0.9%7
021 -%4 12.750 0.678 0.323 wA 1.001
o2M-$3 12.750 0.662 0.404 /A 1.066
o2m- 54 12.750 0. 684 0.291 “A 0.975
Gom-F7 12.750 0.576 0.512 “A 1.082
02B-59 22.000 1.184 0.5% 0.113 1.698
024056 28.000 1.432 0.497 N/A 1.929
02AD-¥12 28.000 1.377 0.57% N 1.952
0248 -84 28.000 1.428 0.499 wA 1.92
02As- 59 28.000 1.363 0.488 N 1.851
0248-512 28.000 1.36¢ 0.557 NA 1.96
0245~ F 14 28.000 1.360 0.570 "/A 1.930
| 0Z80-$6 28.000 1.420 0.530 wA 1.950
0280 F8 28.000 1.45% 0.540 WA 1.99%8
0285-F2 28.000 1.393 0.508 N/A 1.901
028583 28.000 1.418 0.452 N 1.910
0285 F7 28.000 1.250 0,68 7Y 1.7%
0288512 28.000 1.417 0.525 NA 1.942
108-51 20.000 1.0 0.491 WA 1.507
1085 20.000 1.021 0.543 wh 1.564

NOTES:

(%)

4]

OD = outside diameter.
Low ferrite number (FN) first layer thickness.
Total thickness = t + ¢t .

Unflawed welds.

All thickneess dimensions are as~built dimensions.
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Table 5.1-2

QUAD CITIES UNIT 2
CIRCUMFERENTIALLY FLAWED OVERLAY-REPAIRED WELDS
FLAW GEOMETRY DETAILS
EVALUATION FLAW LENGTE (L) EVALUATION FLAW DEPTH (#)
WELD Inchas of e !,1 .'-’ - ™
1 "% | Degrees | (radians) | ® | cinches) | Cinches) | Cinches)
v2c-83 360 DEG. 3% 100 0.00% ok 0.658
o2c-54" 360 DEG. 3.14 100 ©.00% E/h 0.69%
Q2¢C-¥7 360 DEC. 3.% 100 0.00% KA 0.689
02p-53 360 DEG. 3.% 100 0.005 Nk 0.67¢
020- %6 360 DEG. 3.% 100 0.008 Wik 0.600
U2E-53 360 DEG. 3.% 100 0.005 ik 0.681
G2E-F6A 360 DEG. 3.% 100 0.005 N/A 0.658
02F-53 360 DEG. 3% 100 0.005 0.61 0.666
02F-F6 360 DEG. 3.% 100 0.005% Wik 0.59%
026-53 360 DEG. 3.% 100 0.008 0.65 0.667
026-$é 360 DEG. 3.% 100 0.00% N/A 0.716
02%-53 360 DEG. 3.% 100 ©.00% Wik 0.689
D2H-54" 360 DEG. 3. % 100 0.00% Wik 0.685
024-53 360 DEG. 3.% 100 0.008 /A 0.831
02454 360 DEG. 3.% 100 0.00% Nk 0.656
024-%6 360 DEG. 3.% 100 0.005 KA 0.653
02«-53 360 DEG. 3.% 100 €.00% wik 0.669
02K-$4 360 DEG. 3.% 100 0.005 Wk v.678
Ozk-Fé 360 DEG. 3.% 100 0.005 /A 0.608 |
021-83 360 DEG. 3.% 100 0.008 0.7 0.669
020 -8 360 DEG. 3% 100 0.008 Wik 0.683
O2m-83 360 DEG. 3.1 100 0.005 N/A 0.6867
O2m- 54 360 DEG. 3% 100 0.005 Kk 0.689
O2m-§7 360 DEG. 3.% 100 0.005 Wik 0.57%
028-5% 360 DEG. 3.% 100 0.008 /A 1.302
O2AD-$6 360 DEG. 3.% 100 0.005 Wk 1.437
02AD-#12 360 DEG. 3.% 100 0.005 K/ 1.382
024554 360 DEG. 3% 100 0.008 /A 1.430
02as-$% 360 DEG. 3.% 100 0.005 /A 1.368
02a8-512 360 DEG. 3.% 100 0.005 /A 1.3%2
O2AS-F1é 360 DEG. 3.% 100 0.005 KA 1.365
0260- 56 360 DEG. 3.% 100 0.005 ok 1.428
0280-F8 360 DEG. 3.% 100 £.005 WA 1.4660
O2Bs-F2 360 DEG. 3.% 100 0.005 Wik 1.398
028s-83 360 DEG. 3.% 100 0.005 0.52 1.423
0285 -F7 360 DEG. 3.4 100 0.00% Nk 1.255
02es-512 360 DEG. 3.1 100 0.00% Wik 1422
108-71 360 DEG. 3.% 100 0.005 WA .01
108-FS 360 DEG. 3.% 100 0.005 Wik 1.026
(1) Half crack angle .
{2) Crack depth from inside surface as % of wall thickness.
{3) Balance-of-plant life fatigue allowance.
(4) Remaining ligament from outside surface.
(5) Flaw Depth = maximum of (%t, + ¢, + &) or (t - ¢t + a).
(6) Unflawed weld.
COE~301-200 5.5 .
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Table 5.1~-3

QUAD CITIES UNIT 2
W - W
PREDICTED VS. ALLOWABLE FLAW DEPTH RATIOS
o @ | APPLIED | PREDICT .
o | TR | smmesy | NSRS PRREE | btk
O2c-53 1.0 | %6950 | .27 .75 0.65 o
g2c-5&" 1.0 | 16950 | 0.29 0.75 0.67 o
gzc-¢7 1.0 16950 0.26 0.7 0.63 o
020-s3 1.0 16950 0.29 0.7% 0.7 ok
020-¥6 1.0 14950 0.37 0.7 0.55 o
02E-S3 1.0 16950 0.28 0.75 0.66 o
C2E-Foa 1.0 16950 0.3% 0.75 0.68 =3
0ze-53 1.0 16950 .29 0.7 .69 o
D2F-Fé 1.0 16950 0.40 .73 0.63 o
026-53 1.0 | 16950 0.3 0.7% 0.69 o
02G-84 1.0 16950 0.30 0.75 0.7 o
02#-83 1.0 16950 0.28 0.7% 0.68 o
o2u-s" 1.0 | 1950 | 0.30 0.7% 0.69 o
024-53 1.0 16950 0.2¢ 0.75 0.69 o
024-84 1.9 16950 .28 0.75 <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>