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Pacific Gas and Electric Company

May 20, 1997

PG&E Letter DCL-97-092

245 Market Street, Room 937-N9B
San Francisco, CA 94105

iiralllngrirldress
Mail Code N9B
P.O. Box 770000
San Francisco, CA 94177
41 5/973-4664 Fax 41 5/973-2313

Gregory M. Rueger
Senior Vice President and
General Manager
Nuclear Power Generation

U.S. Nuclear Regulatory Commission
ATTN: Document Control Desk
Washington, D.C. 20555

Docket No. 50-275, OL-DPR-80
Docket No. 50-323, OL-DPR-82
Diablo Canyon Units 1 and 2

Dear Commissioners and Staff:

At the request of the NRC Staff, attached for information is an operational
assessment report of steam generator tube integrity for Diablo Canyon Power Plant
(DCPP), Unit 2 Cycle 8. The report concludes that steam generator tube structural
and leakage integrity requirements will be satisfied at the end of Unit 2 Cycle 8,
thereby justifying the intended 21-month operating cycle. This conclusion is based
on assessing the predicted end-of-cycle conditions of the steam generator tubing on
a degradation-specific basis.

The DCPP Technical Specifications allow steam generator tube surveillance
intervals up to 24 months; therefore, no license amendment is required to extend the
tube surveillance from 18 months to 21 months. The enclosed report will provide the
technical basis for a 10 CFR 50.59 safety evaluation, which will be completed prior to
Unit 2 operation beyond 18 months (i.e., November 1997).

Sincerely,

Greg ry M. Rueger

Steven D. Bloom
Ellis W. Merschoff
Kenneth E. Perkins (w/o enc)
Michael D. Tschiltz
Diablo Distribution
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ENCLOSURE

DIABLOCANYON POWER PLANT UNIT 2
STEAM GENERATOR TUBE INTEGRITY

OPERATIONALASSESSMENT FOR 21-MONTH OPERATING CYCLES
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DIABLOCANYON POWER PLANT UNIT 2
STEAM GENERATOR TUBE INTEGRITY

OPERATIONALASSESSMENT FOR 21-MONTH OPERATING CYCLES

0 roductio

ur ose of Re o

This report assesses the impact of a 21-month operating cycle on Unit 2 steam
generator tube integrity. This assessment is required prior to Unit 2 Cycle 8 operation-
beyond 18 months, i.e., prior to November 1997.

More specifically, this report provides the following tube integrity assessments:

~ Structural and leakage integrity of the as-found condition of the Unit 2 steam
generator (SG) tubes at the end of the last cycle (Unit 2 Cycle 7) to verify that the
requirements of NRC Regulatory Guide (RG) 1.121 (Reference 11) were met at the
end of the last cycle. This analysis may be referred to as Condition Monitoring.
Unit 2 Cycle 7 was a nominal 18-month cycle with an actual duration of 1.33
effective full power years (EFPY).

~ Structural and leakage integrity prediction of the Unit 2 SG tubes at the end of the
current Unit 2 Cycle 8 to verify that the requirements of RG 1.121 will be met at the
end of this cycle. This analysis may be referred to as an Operational Assessment.
Unit 2 Cycle 8 is a nominal 21-month cycle with a maximum achievable duration of
1.64 EFPY.

2C nclui

This report provides the following conclusions regarding SG tube integrity:

Condition Monitoring: The structural and leakage integrity requirements of RG 1.121
were met at the end of Unit 2 Cycle 7. This conclusion is based on assessing the 2R7
as-found conditions of the tubing on a degradation-specific basis.

~ The structural integrity of each degradation was deterministically assessed to
demonstrate that the RG 1.121 tube burst limits of either 1 438,PsLs oi'5Pgo, as
appropriate, were satisfied at the end of Unit 2 Cycle 7. Because of the available
structural integrity margin on a degradation-specific basis, it is concluded that
adequate structural integrity margin was available at the end of Unit 2 Cycle 7.

~ The leakage integrity of each degradation was deterministically and/or qualitatively
assessed to demonstrate that postulated primary-to-secondary leakage through
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'egraded tubes following a steam line break (SLB) at the end of Unit 2 Cycle 7
would be negligible or limited to a bounding value. Because of the available
leakage integrity margin on a degradation-specific basis, it is concluded that
adequate leakage integrity margin was available at the end of Unit 2 Cycle 7 when
combining all degradation together, and the maximum allowable SLB leak rate limit
of 12.8 gpm in a faulted SG would not have been exceeded. The maximum
allowable SLB leak rate limit of 12.8 gpm in a faulted SG is based on a revised SLB
analysis which uses current licensing basis assumptions. The revised SLB analysis
and resultant maximum allowable leak rate limit have been submitted to the NRC in
License Amendment Request (LAR) 97-03 (Reference 12) as part of an application
for voltage-based alternate repair criteria at tube support plates (TSPs) and, as
such, requires NRC approval.

The condition monitoring leakage assessment is further validated by the fact that no
primary-to-secondary leakage had been detected during Unit 2 Cycle 7. Leakage of
extremely low levels was capable of being detected by radiation monitors in Unit 2
Cycle 7 because of a high source term due to a fuel leak.

Operational Assessment: The structural and leakage integrity requirements of
RG 1.121 will be met at the end of Unit 2 Cycle 8, thereby justifying the intended 21-
month cycle operation. This conclusion is based on an assessment of the predicted
Unit 2 Cycle 8 end-of-cycle (EOC) conditions of the tubing on a degradation-specific
basis.

~ The structural integrity of each as-found degradation was deterministically assessed
to demonstrate that the RG 1.121 tube burst limits of either 1.436,Psi s ol 36Pgo, as
appropriate, will be satisfied at the end of Unit 2 Cycle 8. Because of the available
structural integrity margin on a degradation-speciTic basis, it is concluded that
adequate structural integrity margin will be available at the end of Unit 2 Cycle 8.

~ The leakage integrity of each as-found degradation,was deterministically and/or
qualitatively assessed to demonstrate that postulated primary-to-secondary leakage
through degraded tubes following a SLB at the end of Unit 2 Cycle 8 would be
negligible or limited to a bounding value. Because of the available leakage integrity
margin on a degradation-specific basis, it is concluded that the maximum allowable
SLB leak limitof 12.8 gpm in a faulted SG will not be exceeded at the end of Unit 2
Cycle 8 when combining all degradation together.

1 3 Bac ou

Diablo Canyon Power Plant (DCPP) Units 1 and 2 use Westinghouse Model 51 SGs
with explosively expanded (WEXTEX) transitions. The SGs contain Alloy600 Mill
Annealed (MA) tubing. The nominal outside diameter of the tubing is 0.875 inch with a
0.050-inch nominal wall thickness. The DCPP SGs operate with a nominal hot leg



A



te'mperature (Ti,„) of 603'. The commercial operation dates for Units 1 and 2 are May
1985 and March 1986, respectively.

Both units have historically operated on 18-month fuel cycles. That changed with the
start of DCPP Unit 2 Cycle 8 (May 1996), which is the first of three transition extended
cycles with lengths of 21, 20, and 19 months, respectively (i.e., an average of 20
months). Unit 1 Cycle 9, scheduled to begin in Spring 1997, will commence a similar
extended cycle transition program for DCPP Unit 1. (Note: The impact of a 21-month
operating cycle on Unit 1 steam generator tube integrity will be assessed in a separate
report following 1R8 and prior to Unit 1 Cycle 9 operation beyond 18 months.)

Following these three transition cycles, it is planned that permanent 24-month extended
cycles will be initiated. Transitioning to 21- and 24- month operating cycles requires
NRC approval of changes to DCPP Technical Specifications that are independent of
this steam generator operational assessment.

DC

Inspection Intervals. DCPP Technical Specification (TS) 4.4.5.3.a requires that a
sampling of SG tube inspections be conducted within 24-month intervals. PG&E
exceeds the TS requirements by inspecting each SG every outage (i.e., every 18
months), per commitments to the NRC. Additionally, it is PG&E's current practice to
inspect 100% of the SG tubes during each outage.

Because DCPP TS 4.4.5.3.a allows SG tube surveillance intervals up to 24 months, no
license amendment is required to extend the tube surveillance from 18 months to
21 months. It should be noted that DCPP TS 4.4.5.3.a also allows extension of an
inspection interval to 40 months iftwo consecutive inspections fall into Category C-1.
TS 4.4.5.5.b requires that jftube inspections are conducted at 40-month intervals and
the results fall into Category C-3, then the inspection frequency must be increased to
20-month intervals. Because PG&E does not apply TS 4.4.5.3.a extended inspection
intervals, TS 4.4.5.3.b is not restrictive for DCPP Units 1 and 2.

Plugging Criteria. DCPP TS 4.4.5.4.b requires plugging of any tube that has
degradation greater than or equal to 40% of the nominal tube wall thickness. To
implement this specification at DCPP Units 1 and 2, the basic plugging criteria for the
bobbin coil and rotating pancake coil (RPC) are:

~ Any bobbin indication greater than or equal to 40% through-wall is plugged.

~ Any crack-like indication detected by RPC, regardless of through-wall depth, is
plugged.

No alternate repair criteria (ARC) have been implemented at either DCPP Unit 1 or
Unit 2. However, PG&E has submitted LARs 97-03 and 97-04 to the NRC to request
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implementation of voltage-based ARC at TSPs and W*ARC in the WEXTEX tubesheet
(References 12 and 13).

s

Table 1 lists the number of Unit 2 SG tubes plugged due to all degradation mechanisms
through 1996. The major active damage mechanisms are primary water stress
corrosion cracking (PWSCC), outside diameter stress corrosion cracking (ODSCC),
antivibration bar (AVB)wear, and cold leg thinning. SG tube integrity is assessed in
this report in light of these damage mechanisms. In addition, the effects of increased
lithium (due to longer operating cycles) on tube integrity is addressed.

The tube integrity structural limits relative to RG 1.121 are provided in Tables 9 and 10.

W e S essCor os'o C c
'

CC Den ed TSP Intersectio s

Background

Tube denting at tube-to-TSP intersections was experienced early in the operating life of
both DCPP units. Since then, the initiation of dents at DCPP has been arrested by
controlling main condenser seawater in-leakage, optimizing operation of full flow
condensate polishers, and initiating several secondary chemistry improvements,
including boric acid addition to the secondary water (see Table 11). Tube denting
causes a stress on the ID and OD of the tube wall. The combination of stress and high
primary water temperature can result in ID crack initiation (i.e., PWSCC).

Inspection Methodology

Tables 2, 3, 4, and 5 provide dent populations and dent inspection scope summaries.

One hundred percent of the Unit 2 SG tubes have been inspected by bobbin probes
each refueling outage starting in 2R5. Also starting in 2R5, PG&E implemented an
augmented inspection program to inspect dented hot leg TSP intersections to detect
potential degradation. In 2R5 and 2R6, 100% of the dents > 5 volts were inspected
using standard 3 coil RPC probes.

In 2R7, 3 coil Plus Point probes were used for the first time and the inspection scope
was increased. The purpose of the increased inspection scope program was to identify
all structurally significant PWSCC at dented TSP intersections. An inspection
methodology that was previously developed for 1R7 inspections was applied to 2R7
inspections. This methodology ensures that, on a SG basis, 100% of the dents are
inspected at each TSP where PWSCC indications are found, plus 20% of the dents at
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the next highest TSP. Conservative application of this methodology resulted in the
following 2R7 inspections:

~ 100% of the hot leg dents > 5 volts

~ 100% of the hot leg dents between 2 and 5 volts ."

~ Approximately 50% of the hot leg dents less than 2 volts located at 1H through 5H.

~ Inspection Results and Tube Integrity Assessment

Tables 5, 6, and 7 provide the number of PWSCC indications at dented TSP
intersections identified in Unit 2 to date.

Ninety-three tubes have been plugged in Unit 2 because of PWSCC indications at
dented TSP intersections. The majority (73 tubes) were identified during 2R7. The
cause of the increased number of identified indications is attributed to advanced eddy
current probe technology (i.e., Plus Point probes) and increased inspection scope.

Seventy-five percent of the PWSCC indications have occurred at 1H and none have
been found above 5H, thereby confirming that temperature is a driving factor in crack
initiation (Table 7).

The Unit 2 PWSCC indications exhibit several defect morphologies, as shown in
Table 6. The majority of the orientations are axial, with some circumferential and some
mixed mode (axial and circumferential). A separate tube integrity assessment is
provided for each of the PWSCC degradation morphologies.

Fifty tubes were plugged due to axial PWSCC indications at dented TSP intersections
in 2R7. Axial PWSCC was previously detected in 2R5 and 2R6, resulting in 17 and
3 tubes being plugged, respectively. The majority of the dent signal amplitudes
associated with axial PWSCC identified in 2R7 were less than 5 volts.

Condition Monitoring. The critical axial crack length for a through-wall indication in a
tube with lower tolerance limit (LTL) material properties is 0.57 inch and 0.45 inch for
1.43dPsLB and 3b,PNo respectively (Table 9). 3dPNo is the applicable limit for free span
axial indications and 1.436PsL> is the applicable limit for the entire span of axial
indications (i.e., that portion confined to within the TSP, plus any portion extending into
the free span). As such, credit is not taken for the surrounding TSP to prevent tube
burst under SLB conditions; however, tube burst is prevented by the TSP under normal
operating conditions. (PG&E has submitted WCAP-14707 to the NRC, per
Reference 3, to demonstrate that TSPs with packed crevice conditions will not displace
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following a SLB. Therefore, based on this WCAP, indications contained within the
confines of the TSP will not burst under SLB conditions. However, PG&E has not
applied the WCAP nor credited TSP nondisplacement in the tube integrity analyses
presented in this report.)

Some of the PWSCC axial indications found in 2R7 extended outside the TSPs. The
longest free span crack length was 0.36 inches in SG 2-2 R4C7, which is less than the
0.45 inch structural integrity limitfor free span through-wall cracks.

The overall length (i.e., the length inside plus outside the TSP crevice region) of five
PWSCC axial indications was greater than 0.57 inch. As such, further structural
integrity assessment for these indications, and others approaching the critical crack
length, was performed for 1.436Ps„s. Length and average depth measurements were
generated using the Plus Point coil and techniques generally consistent with those used
in the EPRI Appendix H qualification program (this program is described below). The
two most structurally limiting indications were approximately 0.95 inch long with an
average depth under 60% (SG 2-2, R9C28 at 1H and R14C8 at 1H). These
intersections had never been inspected by RPC in prior outages because the
associated dent voltages were less than 5 volts, which is below the threshold required
of prior inspection criteria. The calculated burst pressures of these two limiting
indications, and all other indications assessed, exceeded 1.438 P«>, thus satisfying
RG 1.121 structural integrity burst limits at the end of Unit 2 Cycle 7 (Reference 10).

In Unit 1 during 1R7, two tube intersections containing PWSCC axial indications at
dented TSP intersections were removed, burst tested, and destructively examined
(SG 1-2 R21C43 at 1H and SG 1-2 R10C22 at 2H). The characterization of PWSCC
axial indications identified during 2R7 using the Plus Point coil indicates a similar defect
morphology to the 1R7 removed indications.

The adequacy of sizing axial PWSCC indications at dented TSP intersections using the
Plus Point coil has been demonstrated. Lab examinations of the 1R7 tube pulls
demonstrated that the Plus Point coil field measurements accurately,.described the
length and average depth of the PWSCC indications. To further demonstrate the
qualifications of the Plus Point coil, an EPRI Appendix H qualification program was
initiated. The qualification program used the 1R7 pulled tube specimens plus
laboratory specimens which simulated dented tubes in packed TSP crevices. The
preliminary results of the qualification program were presented to the NRC by PG8 E
and Westinghouse on November 20, 1996, and are documented in WCAP-14795
(Reference 14). The qualification program has since been completed, including the
peer review. The results of the program show that Plus Point sizing of axial PWSCC at
dented TSP intersections is qualified with the following nondestructive examination
(NDE) uncertainties (RMSE): length - 0.18 inch; average depth - 8.15%
(Reference 17).
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The potential for primary-to-secondary leakage following a SLB at the end of Unit 2
Cycle 7 has also been evaluated. Based on Plus Point sizing of maximum depth using
techniques consistent with those described in Reference 14, all of the maximum depth
calls were less than 100% through-wall; the deepest indication was 81% (SG 2-2
R14C8). Most of the indications had a maximum depth less than 50%. For indications
that extended outside the TSP crevice, the maximum depth in the free span was 75%
through-wall (SG 2-2 R14C12). Therefore, only negligible leakage through PWSCC
axial indications should be postulated in a faulted SG following a SLB at the end of
Unit 2 Cycle 7.

Operational Assessment. The sum of the average depth of undetected indications
remaining in service following 2R7 inspections (i.e., detection threshold), plus NDE
uncertainty, plus average depth progression during Unit 2 Cycle 8 must not exceed the
structural limit as calculated according to RG 1.121.

D . For Unit 2 Cycle 8, the detection threshold is based on Unit 1

pulled tube results. One of the tubes pulled during 1R7 and subsequently destructively
examined (SG 1-2, R10C22 at 2H) contained a PWSCC axial indication that
represented one of the smallest indication signals that the Plus Point examination
detected. A small detected indication can be used to bound the threshold for
undetected indications. The destructive exam results show that this indication had an
average depth of 23% through-wall. As such, 23% average through-wall depth
represents a value above the detection sensitivity for axial PWSCC. Therefore, the
detection threshold is estimated at about 20% average through-wall depth (Reference 2
and Reference 6). Because of the rigorous and comprehensive Plus Point inspections
of dented TSP intersections in 2R7 (see Inspection Methodology), there is a high
probability that all axial PWSCC of detectable depth has been identified. Therefore, the
depth of undetected indications remaining in service during Unit 2 Cycle 8 is considered
to be 20% average through-wall.

~D,A td b „i II t2Cy~l 8„th dt tiith h Id'b d

on Unit 1 pulled tube destructive analysis results, not NDE measurements. Therefore,
NDE uncertainty is not required in the sum because all tubes with axial PWSCC
indications at dented TSP intersections that were greater than 20% were detected and
plugged.

. Based on limited RPC data for axial PWSCC taken in
consecutive inspections at DCPP Unit 1, DCPP Unit 2, and North Anna Unit 2 (i.e.,
19 data points), the calculated 95 percentile average depth crack growth rate value is
approximately 23% per EFPY. Thus, the growth rate allowance would be
approximately 38% for a 21-month cycle.

The sum of the average depth of undetected cracks remaining in service following an
inspection (20%) plus depth progression for the intended interval of operation (38%)
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must not exceed the 1.436PsLB burst margin structural limitof RG 1.121. At an
average depth of 58%, a crack length greater than 2.5 inches would satisfy 1.43APsLB
burst margin structural limits at the end of the cycle. This crack length is much longer
than any crack identified to date. Also, significantly long crack lengths extending into
the free span would have been identified in 2R7 by bobbin. Therefore, there is a low
probability that any unidentified PWSCC defects left inservice following the
comprehensive 2R7 inspection could grow sufficiently to challenge RG 1.121 burst
limits.

In conclusion, no axial PWSCC indications at dented TSP intersections are expected
that would challenge RG 1.121 tube integrity structural limits at DCPP Unit 2 through
Unit 2 Cycle,8 operation up to 21 months.

The potential for primary-to-secondary leakage following a SLB has also been
evaluated at the end of Unit 2 Cycle 8. As discussed in the condition monitoring
leakage assessment, negligible leakage is postulated at the end of Unit 2 Cycle 7
because none of the PWSCC axial indications were through-wall. Based on
observations of small average depth growth rates over a 21-month cycle, there is a low
probability that PWSCC axial indications would grow through-wall in Unit 2 Cycle 8. In
the unlikely event that some indications grow through-wall, the through-wall crack
lengths would be expected to be very short (less than 0.1 inch). As such, leakage
through a short through-wall crack would be bounded by the largest leak rate contained
in the ODSCC ARC database for 7/8 inch tubing (about 0.4 gpm leak rate in a 0.52 inch
through-wall crack in free span conditions). Therefore, only limited leakage should be
postulated in a faulted SG following a SLB at the end of Unit 2 Cycle 8. In reality,
based on WCAP-f4707 (Reference 3), a leak rate through agacked crevice with limited
or no TSP displacement would be about a factor of 10 to 10 reduction compared to
free span or open crevice conditions.

D T

For the first time in Unit 2, circumferential PWSCC at dented TSP intersections was
identified during 2R7, resulting in 16 tubes being plugged. All of the dent signal
amplitudes associated with circumferential PWSCC were greater than 5 volts, i.e., the
dents were generally of larger amplitude when compared to the dent signals associated
with axial PWSCC. All of these TSP intersections had been previously inspected with
RPC in 2R5 and 2R6.

Condition Monitoring. All 16 circumferential indications identified in 2R7 were confined
within the TSP crevice. The critical crack arc length for;circumferential indications at
TSP intersections is approximately 232 degrees based on 3b,PNo (free span) burst limits
because it is conservatively assumed that the TSP material does not provide additional
resistance to burst (Table 9).
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The arc lengths of all circumferential indications were determined during 2R7 using
"from-to" measurements from the Plus Point coil. Westinghouse evaluated the longest
indications and concluded that the burst pressure requirements of RG 1.121 were
satisfied at the end of Unit 2 Cycle 7 (Reference 10). In addition, Westinghouse
recommended that the multiple circumferential indication (MCI) in SG 2-2 R14C53 at
1H be stabilized because of postulated vibration propagation concerns after plugging,
based on the conservative "from-to" arc lengths (Reference 15).

The indications were subsequently sized (length and depth) after the outage using a
more detailed line-by-line sizing methodology using the Plus Point coil, referred to as
the Axial Lissajous method. This method resulted in generally smaller angular extents
than the field calls. The results of the Axial Lissajous sizing, which is considered to be
more accurate than the "from-to" measurements, show that the angular extent of the
bounding single circumferential indication (SCI), SG 2-2 R12C29 at 4H, was 67 degrees
with an average depth of 49% through-wall. The SCI in R12C29 is more structurally
limiting than two individual SCls in SG 2-2 R8C34 at 1H because of circumferential and
axial ligaments separating the two SCls. The 67 degree angular extent of the SCI in
R12C69 is much less than the critical crack arc length of 232 degrees and, therefore,
the burst pressure requirements of RG 1.121 were satisfied at the end of Unit 2
Cycle 7.

The potential for primary-to-secondary leakage following a SLB at the end of Unit 2
Cycle 7 has also been evaluated. None of the circumferential indications were through-
wall at the end of Unit 2 Cycle 7. The maximum through-wall depth as sized by the
Plus Point coil was 72% (SG 2-2 R14C28). Therefore, only negligible leakage should
be postulated in a faulted SG following a SLB at the end of Unit 2 Cycle 7.

Operafional Assessment. A growth rate assessment was performed to determine a
bounding growth value for Unit 2 Cycle 8. Based on limited RPC data for
circumferential PWSCC taken during consecutive inspections at DCPP Unit 2 (i.e.,
9 data points), the calculated 95 percentile arc angle and average depth growth rate
values are approximately 7.1 degrees and 8.6% per EFPY, respectively. Thus, the
growth rate allowances would be approximately 12 degrees and 14% throughwall for
1.64 EFPY (nominal 21-month cycle). Conservatively assuming that the 67 degree SCI
is the largest undetected beginning-of-cycle (BOC) indication, adding a growth rate of
12 degrees would result in an arc angle of about 79 degrees at the end of Unit 2
Cycle 8, well within the 3AP„o requirements of RG 1.121.

A different assessment can be performed by reviewing tube pull data. In Unit 1 during
1R7, one tube intersection containing PWSCC circumferential indications at a dented
TSP intersection was removed, burst tested, and destructively examined (SG 1-2
R14C69 at 1H). A detection threshold can be ascertained by reviewing this pulled tube
data. From the destructive examination of R14C69, two circumferential indications
were measured at 24 degrees and 27 degrees, with similar depths of about 35%





(average) and 50% (maximum). Because R14C69 was the largest of several
circumferential indications found by eddy current, the expected detection threshold is
expected to be much smaller than 27 degrees. The characterization of PWSCC
circumferential indications identified during 2R7 indicates a similar defect morphology to
SG 1-2 R14C69. Because circumferential defects have a throughwall structural limit of
232 degrees and a slow growth rate (12 degrees per 1.64 EFPY), an undetected
indication over 220 degrees would have to be left in service at the beginning of Unit 2
Cycle 8 in order to grow and approach structural limits.'n indication of this magnitude
is much greater than the expected detection threshold.

Lastly, as confirmed by destructive examination of R14C69 and consistent with industry
experience, PWSCC circumferential cracking tends to occur at the major axis of tube
ovality, and crack extents are limited to about 90 degrees because the cracking is
limited to within locally deformed regions (Reference 6). Therefore, PWSCC
circumferential indications are not expected to challenge 3b,PNo requirements of
RG 1.121 for any length of cycle.

Based on the comprehensive inspection of dented TSP intersections during 2R7, the
slow rate of circumferential degradation growth, the limited maximum angular extent
associated with circumferential cracks, and large structural margin associated with
circumferential PWSCC at dented TSP intersections, no PWSCC circumferential
indications are expected that would challenge RG 1.121 tube integrity structural limits at
DCPP Unit 2 through Unit 2 Cycle 8 operation up to 21 months.

The potential for primary-to-secondary leakage following a SLB has also been
evaluated at the end of Unit 2 Cycle 8. As discussed in the condition monitoring
leakage assessment, negligible leakage is postulated at the end of Unit 2 Cycle 7
because none of the PWSCC circumferential indications were through-wall. Based on
observations of small average depth growth rates over a 21-month cycle, it is unlikely
that PWSCC circumferential indications will grow through-wall in Unit 2 Cycle 8.
Therefore, only negligible leakage should be postulated in a faulted SG following a SLB
at the end of Unit 2 Cycle 8.

PW

Mixed mode (i.e., combined circumferential and axial indications) PWSCC indications at
dented TSP intersections were also identified in Unit 2 during 2R7, resulting in three
tubes being plugged.

Condition Monitoring. Ifthe circumferential and axial components of a mixed mode
indication intersect, the presence of the second indication reduces the strength of the
first indication, and the reduction in strength may result in a potential for some tearing.
Because mixed mode indications would fail by opening of a flap (axial direction) rather
than circumferential tensile tearing, tube burst is prevented by the TSP under normal

10
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operation conditions. Therefore, only the 1.438 PsLs burst pressure limit is applicable
(Reference 10).

Structural integrity evaluations were performed by Westinghouse based on the reported
field calls (using "from-to" length measurements) and the conservative assumptions that
ligaments were negligible and the axial and circumferential components intersected. Of
the three mixed mode indications, the indication at SG 2-2 R14C12 at 1H was judged to
be the most limiting. The evaluation concluded that tearing of the mixed mode
indications would not be expected, and analysis of the limiting indication, based on
engineering judgment, resulted in an estimated tearing pressure in excess of
1.436PsLs Therefore, the requirements of RG 1.121 were satisfied at the end of Unit 2
Cycle 7 (Reference 10). In addition, Westinghouse recommended that a potential
mixed mode indication in SG 2-2 R12C25 at 1H be stabilized because of postulated
vibration propagation concerns after plugging, based on the conservative "from-to"
length measurements (Reference 15).

The mixed mode indications were subsequently sized (length and depth) after the
outage with the Plus Point coil using the Axial Lissajou method, resulting in smaller
angular extents for the circumferential components than the field calls. The results of
the Axial Lissajou sizing, which is considered to be more accurate than the "from-to"
measurements, identified large axial and circumferential ligaments. Therefore, it was
conclusively determined that none of the axial indications intersected with the
circumferential indications.

Based on the Axial Lissajou sizing, the individual axial and circumferential components
of the mixed mode indications are bounded by the indications assessed earlier in this
report. Therefore, further tube integrity assessments, including operational
as'sessments, are not required to address mixed mode indications.

2.1.2 WSCC -B

Background

Unit 2 SG tubes in Rows 1 and 2 were heat treated following one cycle of operation to
relieve stresses and mitigate the potential for PWSCC in this location.

Inspection Methodology

One hundred percent of Rows 1 and 2 have been inspected each refueling outage.
Bobbin probes were used in the first inspection. Since'then, with the advent of RPC
technology, these inspections were conducted with a single-coil RPC probe. An RPC
coil was used up until 2R7, when a Plus Point coil was used for the first time.
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Inspection Results and Tube Integrity Assessment

Fifty-three tubes have been plugged due to PWSCC in Rows 1 and 2. The PWSCC
indications have two defect morphologies: 50 indications are axially oriented and 3
indications are circumferentially oriented. The majority of the indications (35) were
identified in 2R7. The cause of the increased number of identified indications is
attributed to advanced eddy current probe technology (i.e., Plus Point probes). The
number of tubes plugged is above the industry averages for SGs in which U-bend
stress relief was performed. It is believed that the number of cracks identified to date
have slowly developed from crack sites that initiated prior,to heat treatment. No
significant small radius U-bend tube leakage has occurred in Unit 2.

A separate tube integrity assessment is provided for both of the PWSCC degradation
morphologies, axial and circumferential.

r 'a

Three PWSCC circumferential indications in Row 1 tubes were identified for the first
time in Unit 2 during 2R7.

Condition Moniforing. The arc lengths of the three circumferential PWSCC indications
were determined during 2R7 using Plus Point "from-to" measurements. The indications
were subsequently sized (length and depth) after the outage with the Plus Point coil
using the Axial Lissajou method, resulting in smaller angular extents than the field calls.
Based on the Axial Lissajou sizing, the angular extents of the three indications were 53,
33, and 25 degrees, well within the 232 degree 36PNo structural limit for free span
indications. As such, the circumferential indications did not challenge RG 1 ~ 121
structural integrity limits at the end of Unit 2 Cycle 7.

The potential for primary-to-secondary leakage following a SLB at the end of Unit 2
Cycle 7 has also been evaluated. Based on the Axial,Lissajou sizing, none of the
circumferential PWSCC indications were through-wall at the end of Unit 2 Cycle 7. The
maximum depth measured was 61% (SG 2-2, R1C6). Therefore, only negligible
leakage should be postulated in a faulted SG following a SLB at the end of Unit 2
Cycle 7.

Operational Assessment. The incidence of circumferential cracking at U-bends in the
industry has not been significant, both in numbers of indications and in indicated RPC
arc angles. Laboratory burst tests performed on two short (less than 90 degree)
throughwall PWSCC circumferential indications in Row,2 and 3 U-bends resulted in
bursts in the axial direction.

History reviews of the circumferential indications were performed. These reviews
showed that the two longest indications could be detected in the prior 2R6 inspection
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data in which a pancake coil was used, which supports a conclusion that growth rates
are small. A simplified assessment can therefore be performed using the premise that
the detected circumferential indications were present at the beginning of Unit 2 Cycle 7
and did not initiate during the cycle. Therefore, the length of the longest circumferential
indication expected at the end of Unit 2 Cycle 8 would be bounded by 65 degrees (i.e.,
53 X 1.64/1.33), which is well within the 3d,PNo requirements of RG 1.121.

In conclusion, based on 100% inspection of Rows 1 and 2 with Plus Point and large
structural margin of identified defects, no circumferential PWSCC indications at Row 1

and 2 U-bends are expected that would challenge RG 1.121 tube integrity structural
limits at DCPP Unit 2 through Unit 2 Cycle 8 operation up to 21 months.

I

The potential for primary-to-secondary leakage following a SLB has also been
evaluated at the end of Unit 2 Cycle 8. As discussed in the condition monitoring
leakage assessment, negligible leakage is postulated at the end of Unit 2 Cycle 7
because none of the PWSCC circumferential indications were through-wall. Because of
the limited number of circumferential PWSCC U-bend indications identified to date and
the expectation of small growth rates, there is a low probability that PWSCC
circumferential indications will grow through-wall in Unit 2 Cycle 8. Therefore, only
negligible leakage should be postulated in a faulted SG following a SLB at the end of
Unit 2 Cycle 8.

Thirty-two axial PWSCC indications were identified in Row 1 and 2 U-bends during
2R7. Axial PWSCC in U-bends was previously detected in 2R5 and 2R6, resulting in
10 and 2 tubes being plugged, respectively. Thirty-one of the 32 axial PWSCC
indications found in 2R7 occurred in Row 1 U-bends.

Condition Monitoring. All of the axial PWSCC indications were sized (length and depth)
after the outage with the Plus Point coil using the Axial Lissajou method. The length of
the longest indication (SG 2-3 R1C49) was sized at 0.50 inches, exceeding the
conservative 0.45 inch structural limit at 38 PNo for through-wall free span cracks.

'Theactual critical crack length is expected to be at least 0.1 inch longer by accounting
for the increase in flow stress material properties in small radius U-bends due to strain
hardening.) The average depth of this bounding indication was 53% (approximately
70% maximum depth), and the calculated burst pressure exceeded 3b,PNo, thus
satisfying RG 1.121 structural integrity burst limits at the end of Unit 2 Cycle 7
(Reference 10). A history review of this indication showed that it could be detected in
the prior 2R6 inspection data in which a pancake coil was used, which supports a
conclusion that growth rates are small.

The potential for primary-to-secondary leakage following a SLB at the end of Unit 2
Cycle 7 has also been evaluated. One of the maximum depth calls for an axial PWSCC
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irrdication was 100% through-wall (SG 2-1 R1C67), two other indications exceeded
90% through-wall in SG 2-4, and three other indications exceeded 80% through-wall in
SG 2-1, 2-3, and 2-4, respectively. Assuming some of these indications were through-
wall over some small length (about 0.1 inch), leakage through a through-wall crack
would be bounded by the leak rate through the longest through-wall crack contained in
the ODSCC ARC database for 7/8 inch tubing (about 0.4 gpm free span leak rate in a
0.52 inch through-wall crack). Therefore, only limited leakage should be postulated in a
faulted SG following a SLB at the end of Unit 2 Cycle 7.

Operational Assessment. History reviews of the axial PWSCC indications in Unit 2
were performed. Based on a limited number of useful RPC data points (i.e., 10 data
points), the calculated 95 percentile average depth crack growth rate value is
approximately 28% per 18-month cycle. Thus, the growth rate allowance would be-
approximately 35% for 1.64 EFPY. Even at nominal material properties, a theoretical .,

crack length of 1.0 inch would satisfy the 3d PNo structural margin requirements with an
average depth of up to about 75%. Therefore, assuming a conservative detection
threshold of 40% average depth (which is much larger than anticipated for cracks of
significant length), in conjunction with the growth allowance of 35%, the resultant
indication would still satisfy structural limits at the end of Unit 2 Cycle 8. Ifcredit is
taken for higher material properties, the margin would even be greater. In addition, a
theoretical 1.0 inch throughwall crack length in small radius U-bends would be
unexpected as this length is much longer than any indication identified to date.

In conclusion, based on 100% inspection of Rows 1 and 2 with Plus Point, relatively
small growth rate, and expected larger structural margin of Row 1 and 2 tubes because
of strain hardening, no PWSCC axial indications at Row 1 and 2 U-bends are expected
that would challenge RG 1.121 tube integrity structural limits at DCPP Unit 2 through
Unit 2 Cycle 8 operation up to 21 months.

The potential for primary-to-secondary leakage following a SLB has also been
evaluated at the end of Unit 2 Cycle 8. Based on the condition monitoring assessment,
only limited leakage should be postulated in a faulted SG following a SLB at the end of
Unit 2 Cycle 7 because leakage from a through-wall crack of significant length would be
bounded by about 0.4 gpm. Relatively small average depth growth rates are expected
over a 21-month cycle, and 100% RPC inspections of the Rows 1 and 2 U-bends have
been conducted. Therefore, there is a low probability that a large number of axial
PWSCC U-bend indications would grow through-wall at the end of Unit 2 Cycle 8.
Therefore, only limited leakage should be postulated in a faulted SG following a SLB at
the end of Unit 2 Cycle 8.
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2:1.3 WSCCa the Tubes ee WE EX Re ion

Background

As noted earlier, the DCPP SGs have tube sheets with WEXTEX expanded tubes. This
tube expansion process uses an explosive charge to produce tube-to-tubesheet contact
throughout the tubesheet region. WEXTEX tube expansion generally produces lower
residual stresses within the expanded-to-unexpanded tube transition region than
mechanical rolling processes. The WEXTEX process has only been implemented on
Alloy 600 MA tubing.

To reduce stress and provide enhanced resistance to PWSCC within the WEXTEX
transition region, the tubes were shotpeened following 5 cycles of operation over their
inner diameter surface in the hot leg tubesheet region (i.e., the entire length of the.
tubesheet, plus the tubesheet expansion region to a height of approximately 3 inches
above the top of tubesheet). The experience to date suggests that shotpeening was
performed early enough to provide a benefit. The number of cracks identified at the
top-of-tubesheet (WEXTEX transition region) are minimal. The greater number of
defects identified in the tubesheet, below the bottom of the WEXTEX transition (BWT),
could be representative of a small number of cracks that initiated prior to shotpeening
and have slowly grown until they have reached detectable levels. Shotpeening is much
more effective in precluding initiation rather than propagation of PWSCC cracks.

Inspection Methodology

Table 8 provides the WEXTEX region inspection scope summaries for each SG.

In 1991 (2R4), PG&E performed a 20% random RPC inspection of the WEXTEX
transition region in each SG. Beginning in 2R5, PG&E implemented the WEXTEX
Owners Group guidelines. The WEXTEXguidelines divide the tubesheet into four
distinct zones (Zones 1, 2, 3, and 4). Zone 4 represents the central region of the
tubesheet and is coincident with the low crossflow velocity region where most sludge
accumulation has occurred. About 95% of all circumferential cracking in the industry
has occurred in Zone 4. Implementation of the WOG WEXTEX inspection criteria
provides a high probability of assurance that all significant circumferential indications
have been identified.

The WEXTEXguidelines specify an initial sample size of 50 percent of the Zone 4
active tubes (742 tubes minimum, approximately 22 percent of the total number of SG
tubes), using the RPC probe for detection of circumferential indications at the top of the
tubesheet. All SGs are inspected with this minimum sample size each refueling outage.
This inspection focuses on the region with the greatest potential for finding indications
and thus results in the highest likelihood for requiring an expansion of the sample size.
In addition to the initial inspection plan, the WEXTEXguidelines also include an
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expansion plan to inspect additional tubes dependent on the number and size of
WEXTEX indications identified by RPC.

In 2R7, Plus Point probes were used for the first time for the WEXTEX inspections. In

addition, the scope of inspections was expanded (because of indications found) as
follows:,

~ 100% of Zone 4 in SGs 2-2 and 2-4

~ 70% of Zone 4 in SGs 2-1 and 2-3

~ 33% of Zones 1, 2, and 3 in all SGs

Inspection Results and Tube Integrity Assessment

Seventy-nine tubes have been plugged due to PWSCC indications in the WEXTEX
region. Sixty-nine tubes have been plugged due to axially oriented PWSCC and 10
have been plugged due to circumferentially oriented PWSCC.

Forty-two tubes were plugged in 2R7 because of PWSCC indications. There were
8 circumferential indications and 35 axial indications (one tube had two axial
indications). The cause of the increased number of identified indications is attributed to
advanced eddy current probe technology (i.e., Plus Point probes) and increased
inspection scope.

Condition Monitoring.

~ The only axial PWSCC indications that would be of true structural concern are those
that extend above the top of tubesheet (TIS). No indications were found above the
TlS.

~ The majority of the indications were located below the bottom of the WEXTEX
transition (BWT) and contained within the tubesheet. BWT is the first point of
contact between the tube and the tubesheet. For indications located below BWT,
the tubesheet prevents rupture and structural integrity is maintained. The
constraining effect of the tubesheet is the basis for PG8 E's recent submittal of the
W*ARC to justify leaving axial PWSCC indications in service that are located below
BWT. The W" ARC and technical support document WCAP-14797 has been
submitted to the NRC (Reference 13). Applying the methodology of WCAP-14797
to the 35 axial PWSCC indications identified in 2R7 would have resulted in about 25
tubes being candidates for returning to service under the W" ARC.

16



1g
~ I '

~



~ 'ine of the 35 indications had crack extents located in the WEXTEX transition (after
applying NDE uncertainty in locating BWT per WCAP-14797, Reference 13). The
WEXTEX transition is a short (about 0.3 to 0.5 inch long) region above the BWT. A
large fraction of the WEXTEX transition is located within a crevice below the TTS.
The length of axial indications located in the WEXTEX transition below the TTS
should not contribute to tube burst because of the crevice constraint; however, for
conservatism, the entire length of axial indications'located in the WEXTEX transition
are evaluated against 38P<o free span burst requirements.

All of the axial PWSCC indications were sized (length and depth) after the outage with
the Plus Point coil using the Axial Lissajou method. The critical crack length for
through-wall indications located in the WEXTEX transition region is 0.45 inches, based
on 36P„o free span burst requirements (Table 9). The longest 2R7 axial PWSCC
indication extending into the WEXTEX transition region had an overall length of
0.38 inches, with an average depth of 32% (SG 2-1 R11C55). This tube was not
inspected by RPC in 2R6, but was inspected in 2R5. Assuming the entire length of the
0.38 inch indication is located in the WEXTEX transition, the length of this bounding
indication is less than the 0'.45 inch critical crack length. Therefore, the requirements of
RG 1.121 were satisfied at the end of Unit 2 Cycle 7.

The potential for primary-to-secondary leakage following a SLB at the end of Unit 2
Cycle 7 has also been evaluated. As discussed below, only negligible leakage should
be postulated in a faulted SG following a SLB at the end of Unit 2 Cycle 7.

As discussed in WCAP-14797, extensive European operating experience has been
obtained with axial PWSCC cracks left in service. This operating experience has
demonstrated negligible normal operating leakage from PWSCC cracks even under
free span conditions in roll transitions. PWSCC cracks in the fully expanded WEXTEX
region within the tubesheet (i.e., below BWT) would be even further leakage-limited by
the tight tube-to-tubesheet crevice and the limited crack opening permitted by the
tubesheet constraint.

A conservative evaluation of leakage through axial PWSCC indications located in the
WEXTEX region can be performed using the deterministic WCAP-14797 leakage
methodology, which conservatively assumes that all cracks below BWT are 100%
through-wall. For application of this leakage evaluation, it is conservative to also
include all 2R7 indications located above BWT because none of the indications
approached through-wall maximum depths and all were located below the TTS.

WCAP-14797 leak rate methodology indicates that the combined leak rate is a function
of crack tip location, the tubesheet "zone" where the indication is located, and the
percent of the tubesheet inspected by RPC. Evaluation of the axial PWSCC indications
using the WCAP-14797 leak rate methodology results in a leak rate of less than 0.6
gpm in the faulted SG following a postulated SLB at the end of Unit 2 Cycle 7.
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Operational Assessment. As discussed in the condition monitoring assessment, only
indications extending above the TTS need to be evaluated for true structural integrity
concerns. No indications were detected above the TTS in 2R7.

Based on operating experience, WCAP-14797 provides a growth rate of axial PWSCC

, (below BWT) of 0.25inches per EFPYata 95% cumulative probability. DCPP data are
included in this growth study. This growth rate should also be conservative for
indications located above BWT, including those potentially above the TTS. The
incremental increase in length for a 21-month cycle compared with operating
experience for 18-month cycles would be only about 0.08 inch.

Growth in depth has also been assessed. Based on a limited number of useful RPC
data points for axial PWSCC in the WEXTEX region taken in consecutive inspections at
DCPP Unit 2 (i.e., 9 data points), the calculated 95 percentile average depth crack
growth rate value is approximately 40% per 18-month cycle. The incremental increase
in average depth for a 21-month cycle compared with operating experience for
18-month cycles would be only about 9%.

Based on the large 2R7 Plus Point sample inspection of the WEXTEX region, small
incremental growth increases (length and average depth) expected for 21-month cycles
compared with operating experience for 18-month cycles, and the fact that prior
18-month cycles have not resulted in indications challenging structural integrity, there is
a low probability that PWSCC axial indications located in the WEXTEX region or above
the TTS will challenge the burst integrity requirements of RG 1.121 at DCPP Unit 2
through Unit 2 Cycle 8 operation up to 21 months.

The potential for primary-to-secondary leakage following a SLB has also been
evaluated at the end of Unit 2 Cycle 8. Based on the fact that axial PWSCC indications
detected by Plus Point were plugged on detection in 2R7, and growth margin (length) for
an additional 3 months of operation is less than 0.1 inch, the resulting EOC distribution
of axial PWSCC indications should not deviate significantly from the as-found 2R7
distribution. Therefore, only negligible leakage should be postulated in a faulted SG
following a SLB at the end of Unit 2 Cycle 8.

Condition MoniforI'ng. Seven of the eight circumferential indications identified in 2R7
are located above BWT in the WEXTEX transition zone. All circumferential indications
are in WEXTEXZone 4 of the tubesheet.

All indications were sized after the outage using the Axial Lissajous method. Based on
these sizing techniques, the longest circumferential indication was 42 degrees (SG 2-2

18



h

~ I

'l



j

R9C29), well within the 232 degree RG 1.121 structural integrity limits for 3d P„o
(Table 10).

The potential for primary-to-secondary leakage following a SLB at the end of Unit 2
Cycle 7 has also been evaluated. None of the SCls exceeded 100% through-wall; only
four had a maximum depth greater than 70% over short extents. Therefore, only
negligible leakage should be postulated in a faulted SG following a SLB at the end of
Unit 2 Cycle 7. tt

Operational Assessment. As noted above, implementation of the WOG WEXTEX
inspection criteria provides a high probability of assurance that all significant
circumferential indications have been identified. This conclusion is supported by
industry-wide operating experience with WEXTEX expansions. No indication exceeding
structural margin limits have been found since the WOG WEXTEX inspection guidelines
were implemented.

Circumferential PWSCC exhibits very small growth based on a limited number of useful
RPC data points for circumferential PWSCC in the WEXTEX region taken in
consecutive inspections at DCPP Unit 2 (i.e., 2 data points). The largest measured
growth from these two data points is 8 degrees in extent and 26% in average depth,
over an 18-month cycle. The incremental increase in extent and average depth for a
21-month cycle compared with operating experience for 18-month cycles would be only
about 2 degrees and 6%, respectively.

Based on the large 2R7 Plus Point sample inspection of the WEXTEX region, relatively
small incremental growth increases (extent and average depth) expected for 18-month
cycles compared with operating experience for 18-month cycles, and the fact that prior
18-month cycles have not resulted in indications challenging structural integrity, there is
a low probability that PWSCC circumferential indications located in the WEXTEX
transition zone will challenge the 3b,P<o RG 1.121 tube integrity structural limits at
DCPP Unit 2 through Unit 2 Cycle 8 operation up to 21 months.

The potential for primary-to-secondary leakage following a SLB has also been
evaluated at the end of Unit 2 Cycle 8. Based on the condition monitoring assessment,
negligible accident-induced leakage should be postulated because none of the
circumferential WEXTEX indications appear to be through-wall at the end of Unit 2
Cycle 7. Based on this assessment, combined with observations of small numbers of
circumferential indications and relatively small average depth growth rates, there is a
low probability that circumferential WEXTEX indications would grow through-wall in a
21-month cycle. Therefore, only negligible leakage should be postulated in a faulted
SG following a SLB at the end of Unit 2 Cycle 8.

19



fl

K



2'1. E o I c eased L'u o WSCC D to

A 21-month extended cycle operation requires a lithium concentration in the primary
coolant greater than 2.2 ppm (to control primary coolant at a pH of 6.9 or above) from
the BOC to about 8 months. The maximum lithium concentration is 2.94 ppm which is
experienced for less than a month of full power operation. Westinghouse has
evaluated the possible reduction of resistance to PWSCC of Alloy600 SG tubing by
operating at these levels of lithium concentration in the primary coolant (Reference 1).
As recommended in EPRI PWR Primary Water Chemistry Guidelines for operation with
greater than 2.2 ppm lithium, Westinghouse performed a DCPP-specific steam
generator tube integrity review, considering the following factors as they relate to
PWSCC degradation:

~ Tube plugging experience attributed to PWSCC

~ Remedial measures (U-bend heat treatment and shotpeening of WEXTEX transition
region)

~ Alloy600 tubing manufacturing properties

~ Fabrication procedures (WEXTEX expansion process)

~ Operating temperature (Th„)

Westinghouse's evaluation is documented in Safety Evaluation Checklist SECL-96-051
(Reference 1). The SECL concludes that the trends of the laboratory corrosion data
base are sufficiently encouraging to permit the judgment that operation with elevated
lithium concentrations will have a negligible effect on PWSCC of SG tubing. Some
modest increase in PWSCC degradation may occur; however, the effect should be
small, especially when compared to the effects of stress and temperature.

20u 'D S s Co os' c DSCC

ODSCC degradation is primarily dependent on the secondary side chemistry. Several
secondary chemistry initiatives have been implemented to minimize ODSCC. These
initiatives are included in Table 11, and include:

~ Copper removal program.

~ Ethanol amine (ETA) to control pH.

~ Increased hydrazine levels.

~ Molar ratio control program to prevent excess alkalinity.
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~ Boric acid addition program, including boric acid soaks at startup to mitigate denting
and ODSCC at TSPs.

~ Tube sheet sludge lancing every outage.

~ SG blowdown is maintained at 1 percent of the main steaming rate.

~ Condensate polishers were installed and emergency (plant curtailment) procedures
issued to protect against seawater condenser tube leaks.

The majority of the ODSCC at DCPP Unit 2 has been experienced at non-dented TSP
intersections. Sludge pile ODSCC has not been reported. Tube integrity assessment
for ODSCC at TSP intersections is discussed below.

2 OD CC

Inspection Methodology

In 2R7, ODSCC indications were detected by bobbin probes as possible indications
(Pls) during the 100% full-length tube bobbin inspection. Bobbin Pl calls were then
reinspected by RPC probes to confirm and characterize the indication. Pls confirmed
by RPC were plugged. Pls not confirmed by RPC were left in service. In 2R7, Plus
Point probes was used for the first time to perform the confirmatory inspections.

Inspection Results and Tube Integrity Assessment

Eighty tubes have been plugged due to ODSCC indications at TSP intersections. The
majority (69) of the indications were identified in 2R7. All ODSCC is axially oriented
and have very small bobbin voltage amplitudes (all less than 2 volts with the vast
majority less than 1 volt).

Note: PG8E has submitted an LAR to the NRC in support of voltage-based ARC at
TSPs (Reference 12). Because the ODSCC indications identified in 2R7 are small (less
than 2 volts), these tubes are candidates for recovery when PGB E implements the ARC
upon NRC approval. The bobbin voltages are based on standards that were calibrated
according to voltage-based ARC requirements.

The majority of the ODSCC was detected at nondented TSP intersections. ODSCC
was also been detected at small (less than 5 volt) dented intersections. In addition, four
tubes had ODSCC and PWSCC at the same dented intersection.

The cause of the increased number of ODSCC indications found in 2R7 is attributed to
advanced eddy current probe technology (i.e., Plus Point probes) and increased
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inspection scope of TSP intersections with Plus Point probes. Most of the 2R7
indications were initiallydetected as bobbin Pls and confirmed by Plus Point, whereas
13 ODSCC indications were detected as part of the Plus Point inspection of less than
2 volt dented TSP intersections (the bobbin probe was unable to detect the ODSCC
indication).

Condifion Monitoring. The length of one axial indication was greater than 0.57 inch. As
such, further structural integrity assessment of this indication, and several others
approaching the critical crack length, was performed for 1.436,Ps„~. Length and depth
measurements (profiles) were generated using the Plus Point coil. The most
structurally limiting indication (SG g-4, R14C83 at 2H) was sized as 0.58 inch long with
an average depth of 51%. The calculated burst pressure of this limiting indication
exceeded 1.436Psi s, thus satisfying RG 1.121 structural integrity burst limits at the end
of Unit 2 Cycle 7 (Reference 10).

As noted earlier, portions of four tubes were pulled from Unit 1 in 1R7 to investigate
PWSCC at dented TSP intersections. Five of the six destructively examined TSP
crevice regions also had ODSCC present. None of the ODSCC was detectable by
eddy current. The maximum OD corrosion depth was only 32% (maximum length of
0.255 inch), below the eddy current detection threshold (Reference 9). The corrosion
morphology is typical of pulled tubes in the EPRI database and is also applicable to the
ODSCC detected at Unit 2 because of the similarity of the units. As such, it is
appropriate to use an analysis of bobbin voltage to assess tube integrity in accordance
with the approach of NRC Generic Letter 95-05 (Reference 7), as follows.

R14C83 had the largest ODSCC voltage at 1.85 volts, well within the structural limit of
approximately 8.7 volts at a burst pressure of 1.436,P«~ as provided in EPRI
NP-7480-L Addendum 1 (Reference 8). Therefore, for the largest ODSCC indication, a
large safety margin existed relative to RG 1.121 structural integrity burst limits at the
end of Unit 2 Cycle 7.

The potential for primary-to-secondary leakage following a SLB at the end of Unit 2
Cycle 7 has also been evaluated. Assuming the ODSCC indications were through-wall,
applying 20% NDE uncertainties to each voltage indication as specified in GL 95-05,
and applying the leak rate correlation of Figure 6-13 of Reference 8, a negligible leak
rate (less than 0.01 gpm) is deterministically calculated in the faulted SG following a
postulated SLB at the end of Unit 2 Cycle 7.

Operational Assessment. As stated earlier, the largest 2R7 bobbin voltage for ODSCC
was 1.85 volts, corresponding to the longest axial indication of 0.58 inch as sized by
Plus Point (SG 2-4, R14C83 at 2H). This largest voltage is conservatively assumed to
be the largest BOC voltage amplitude of any undetected indication for Unit 2 Cycle 8.
Using an average voltage growth rate of 30% per EFPY, as specified in GL 95-05, the
average growth rate allowance for 1.64 EFPY (nominal 21-month cycle) of operation is
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49%. It is reasonable to assume that 30% per EFPY average growth bounds Diablo
Canyon Unit 2 since it envelopes all domestic plants with 7/8 inch tubing. Eddy current
voltage measurement uncertainty is assumed to be 20% of the BOC voltage amplitude,
as specified in GL 95-05. Therefore, deterministically adding the NDE uncertainty and
growth rate to the 1.85 volt indication results in an EOC bobbin voltage of about 3.1

volts. This calculated EOC voltage is well within the structural limitof approximately 8.7
volts at a burst pressure of 1.438 P«8 as provided in.EPRI NP-7480-L Addendum 1

(Reference 8). Therefore, a large safety margin exists, and RG 1.121 structural
integrity burst limits will be satisfied at the end of Unit 2 Cycle 8. Because of the large
margin that remains between the projected EOC voltage and the structural limit,
additional margin for growth may be applied ifwarranted.

In conclusion, no ODSCC indications at TSPs are expected that would challenge
RG 1.121 tube integrity structural limits at DCPP Unit 2 through Unit 2 Cycle 8
operation up to 21 months.

The potential for primary-to-secondary leakage following a SLB has also been
evaluated at the end of Unit 2 Cycle 8. Based on the fact that potential indications
confirmed as axial ODSCC by Plus Point were plugged on detection in 2R7 and
average depth growth margin for an additional 3 months of operation is less than 10%,
the resulting EOC distribution of axial ODSCC indications should not deviate
significantly from the as-found 2R7 distribution. Therefore, only negligible leakage
should be postulated in a faulted SG following a SLB at the end of Unit 2 Cycle 8.

23 CodLe i C

Background

Cold leg thinning degradation in operating plants is discussed in EPRI Report NP-5140
(Reference 16). CLT is cause by surface wastage (corrosion) and occurs principally
within the confines of the lower cold leg TSPs (1C, 2C) on the periphery of the tube
bundle. CLT degradation has never caused an unscheduled outage in the industry,
and the risk of leak during operation is small.

CLT indications are volumetric in nature and are easily detected by bobbin. CLT at
DCPP Unit 2 was first identified in 2R5 when 100% bobbin inspections were initiated.

Inspection Methodology

Cold leg thinning indications are detected by bobbin probes as part of the 100%
full-length bobbin inspection. The bobbin coil is qualified to size CLT indications, per
Appendix H of the EPRI PWR Examination Guidelines. CLT indications are plugged if
bobbin indicates a depth > 40% through-wall. During 2R7, Plus Point was used to
reinspect bobbin CLT calls that were > 40% to ensure they were not crack-like.
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Inspection Results and Tube Integrity Assessment

Twenty-five tubes have been plugged in Unit 2 because of CLT indications greater than
or equal to 40% through-wall as measured by bobbin. In 2R7, bobbin identified 87 CLT
indications, of which 10 were greater than or equal to.40% and plugged.

The structural limit for a defective tube with CLT has historically been 65% through-wall,
conservatively based on uniform thinning. Based on the 65% structural limit, the CLT
repair limit is 40%, thereby allowing for NDE uncertainty and growth rate of progression.
This structural limit is general in nature and is relative to the RG 1.121 requirement to
be able to withstand a pressure of 36PNo. Since this is based on burst strength of
tubing for uniform thinning around the circumference of the tube, and since CLT is a
localized phenomenon contained within the confines of the TSP, the structural limitfor a .

CLT indication would be expected to be greater than 65%. As a result, the structural
limit of actual CLT degradation was investigated by PG&E.

In order to more accurately define the tube structural integrity limits for CLT defects,
Westinghouse profiled the worst case CLT defects identified by NDE at DCPP Unit 1

during 1R7. Specimens were fabricated with simulated degradation and burst tests
were performed. A CLT structural model was developed, showing that the CLT
indications with a length of 0.7 inch and a depth of 84% in tubes with LTL material
properties may be expected to meet the requirements of 1.436,PsLB and RG 1.121. The
testing also showed that pressurization of CLT defects within a TSP does not result in
burst and, therefore, 1.436PsLB is demonstrated to be the appropriate structural limit.
(Reference 4).

Condition Monitoring. The deepest indication identified in 2R7 was 57% through-wall
(SG 2-2, R11C2 at 2C), which is less than the CLT structural limit of 84%. Therefore,
the requirements of RG 1.121 were met for this indication at the end of Unit 2 Cycle 7.

The potential for primary-to-secondary leakage following a SLB at the end of Unit 2
Cycle 7 has also been evaluated. Because CLT was not through-wall, no leakage
should be postulated in a faulted SG following a SLB at, the end of Unit 2 Cycle 7.

Operational Assessmenf. A statistical growth rate study has been performed on CLT
indications for which bobbin calls were made in consecutive outages, in 2R6 and 2R7.
The 95 percentile growth rate value is approximately 20% over the 18-month cycle. For
1.64 EFPY (nominal 21-month cycle), the growth rate allowance would be
approximately 25%.

In accordance with EPRI Appendix H guidelines, sizing of CLT using bobbin coil has an
NDE uncertainty (RMSE) of 15% (Reference 18).
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The sum of the largest CLT indication remaining in service following an inspection
(39%), plus 25% growth rate for 1.64 EFPY, plus 15% NDE uncertainty, equals 79%
through-wall. This value is less than the CLT structural limitof 84%.

In conclusion, no CLT indications are expected that would challenge RG 1.121 tube
integrity structural limits at DCPP Unit 2 through Unit 2 Cycle 8 operation up to
21 months.

The potential for primary-to-secondary leakage following a SLB has also been
evaluated at the end of Unit 2 Cycle 8. Because the deepest CLT indication observed
at the end of Unit 2 Cycle 7 was 57%, in conjunction with observations of small average
depth growth rates, there is a low probability that CLT indications would grow through-
wall in one cycle. Therefore, no leakage should be postulated in a faulted SG following .

a SLB at the end of Unit 2 Cycle 8.

''b 'o Ba VB W

Background

The population of tubes affected by AVBwear is limited based on industry experience
with similar AVBwear degradation. About 69% of the tubes in a Model 51 SG are in
contact with AVBs, and only tubes with the least support will experience AVBwear.
AVBwear tends to initiate near the center of the tube bundle after a few operating
cycles. Some larger radius tubes develop multiple wear initiation sites, which tends to
reduce the growth rate at the deepest indications.

At DCPP Unit 2, AVBwear was first identified in 2R3 and the number of indications
have steadily increased to 196 indications (in 111 tubes) found in 2R7.

Inspection Methodology

AVBwear indications are detected by bobbin probes during the 100% full-length bobbin
inspection. The bobbin coil is qualified to size AVBwear indications, per Appendix H of
the EPRI PWR Examination Guidelines. AVBwear indications are plugged ifbobbin
indicates a depth > 40% through-wall.

Inspection Results and Tube Integrity Assessment

Six tubes have been plugged in Unit 2 because of AVBwear indications greater than or
equal to 40% through-wall. In 2R7, bobbin identified 196 AVB indications (in 111

tubes), of which two were greater than or equal to 40% and plugged.

Condition Monitoring. The structural limit for a defective tube with AVBwear is 65%,
conservatively based on uniform thinning. Based on the 65% structural limit, the AVB
wear repair limit is 40%, thereby allowing for NDE uncertainty and growth rate of
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progression. The deepest indication identified in 2R7 was 42/0 through-wall, which is
less than the structural limit, and the requirements of RG 1.121 were met for this
indication at the end of Unit 2 Cycle 7.

The potential for primary-to-secondary leakage following a SLB at the end of Unit 2
Cycle 7 has also been evaluated. Because AVBwear.was not through-wall, no leakage
should be postulated in a faulted SG following a SLB at the end of Unit 2 Cycle 7.

Operational Assessment. A statistical growth rate study has been performed on AVB,
indications for which bobbin calls were made in consecutive outages, 2R6 and 2R7.
The 95 percentile growth rate value is 7'/0 per 18-month cycle. Over 1.64 EFPY, this
growth rate allowance would be approximately 9/0.

-In accordance with EPRI Appendix H guidelines, sizing of AVBwear with bobbin coil
has an NDE uncertainty (RMSE) of 5/0 (Reference 19).

The sum of the largest AVB indication remaining in service following an inspection
(39/0), plus 9/0 growth rate for 1.64 EFPY of operation, plus 5'/0 NDE uncertainty,
equals 53/0 through-wall. This value is less than the AVB structural limitof 65/0.

In conclusion, no AVB indications are expected that would challenge RG 1.121 tube
integrity structural limits at DCPP Unit 2 through Unit 2 Cycle 8 operation up to
21 months.

The potential for primary-to-secondary leakage following a SLB has also been
evaluated at the end of Unit 2 Cycle 8. Because the deepest AVB indication at the end
of Unit 2 Cycle 7 was 42'/0, in conjunction with observations of small average depth
growth rates, there is a low probability that AVB indications would grow through-wall in
one cycle. Therefore, no leakage should be postulated in a faulted SG following a SLB
at the end of Unit 2 Cycle 8.
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Table 1

Number of Tubes Plugged and Degradation Mechanisms
MECHANISM

PWSCC at Dented TSPs
PWSCC at R1/R2 U-bends
PWSCC at WEXTEXTubesheet
ODSCC at TSPs
Cold Leg Thinning
AVBWear
Other
Total

2R7
73
35

'42
69*
10

231

Overall
93
53
79
80
25
6
9

345
*In 2R7, six additional tubes (over and above the 69 tubes plugged due to ODSCC) had
ODSCC in combination with PWSCC: 4 tubes had ODSCC and PWSCC at the same
intersection; 2 tubes had ODSCC and PWSCC at different intersections. For simplicity,
all six pluggable indications are included under "PWSCC at Dented TSPs."

Table 2
Unit 2 Dent Population - by SG

Dent Voltage 2-1 2-2 2-3 2-4 Total
) 2 volts 96 787 96 177 1161
< 2 volts* 1020 1407 687 1239 4353

Total 1116 2194 783 1416 5514
"Population from 1H to 5H only. Dents < 2 volts not yet analyzed at 6H and 7H.

Table 3
Percent of ) 5 Volt Dents at 1H through 7H Inspected by RPC by Outage

SG
2-1
2-2
2-3

2R5*

100%
100%
100%
100%

2R6
100%
100%
100%
100%

2R7
100%
100%
100%
100%

*In 2R5, 100% inspection of 1H through 6H.

Table 4
Percent of < 5 Volt Dents Inspected by RPC in 2R7

SG

2-1
2-2
2-3
2-4

Total

2- 5 volts
(1H to 7H)

100%
100%
100%
100%
100%

< 2 volts
(1H to 5H)

. 22%
47%
36%
73%
47%
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Table 5
2R7 Dent Inspections and PWSCC Indications (Axial and Circ) - Overall

Dents Inspected
(> 2 volts)

Dents Inspected
(< 2 volts)""

Total Dents
Inspected

PWSCC
Indications

TSP Number % of Total Number % of Total

1H
2H
3H
4H
5H
6H
7H

Total

552
84

131
221
28
32
113

1161

100%
100%
100%
100%
100%
100%
100%
100%

876
387
364
204
202

2033

74%
50%
53%
25%
22%

47%*

1428
471
495
425
230
32
113

3194

52

10

74
"47% of dents located at 1H through 5H
** For the < 2 volt dent population: On a SG basis, 100% of < 2 volt dented
intersections inspected where PWSCC was found, plus 20% at the next TSP.

Table 6
Number of Tubes Plugged Due to PWSCC at Hot Leg Dented TSP Intersections

Mechanism
PWSCC
PWSCC
PWSCC

PWSCC/ODSCC

Orientation
Axial
Circ

Axial/Circ
Axial

2R5
17

2R6 2R7 Total
50 70
16 16
3 3

73 93

Table 7
Number of PWSCC Indications Found at Dented TSPs - Historical

TSP
1H
2H
3H
4H
5H
Total

2R5
16

18

2R6

0

2R7
52

10

74

Total
71

10

75%
4%

11%
9%
1%

100%

Table 8
Percent of Hot Leg WEXTEXTubes Inspected by RPC

SG
2-1
2-2
2-3
2-4

2R4 2R5 2R6
20% 41% 28%
20% 41% 22%
20% 41% 22%
20% 41% 46%

2R7
47%
65%
47%
65%
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Table 9
Structural Limits for Indications at Tube Support Plates

Crack
Type

Crack Location
Relative to TSP

Applicable Burst Pressure Critical Crack Length
Limit (Note 1) (Through-Wall Indication,

LTL Material Properties)
Axial

Axial

Circ

Free span
(outside TSP)

Total span
(inside + outside

TSP)
Free span, or
Within TSP

36PNp = 4380 psi
(Note 2)

1 438 PsLe = 3657 psi
(Note 2)

3b,PNp = 4380 psi
(Note 3)

0.45 inch

0.57 inch

232 degrees

Table 10
Structural Limits for Indications in WEXTEXTransition

Crack
Type

WEXTEX
Transition Crack

Location

Applicable Burst Pressure Critical Crack Length
Limit (Note 1) (Through-Wall Indication,

LTL Material Properties)
Axial
Circ

Circ
Circ

Any Zone
Zone 3 and
Zone 4
Zone 2
Zone 1

3b,PNp = 4380 psi
36PNp = 4380 psi

Vibration propagation
Vibration propagation

0.45 inch
232 degrees

170 degrees
135 degrees

5gf~ The reference conditions used for the burst pressure limits are:
~ Pressure (steam) = 790 psia (Note: This value represents a conservative

approximation of the expected average SG pressure at the end of Unit 2 Cycle 8.
The average SG pressure at the end of Unit 2 Cycle 7 was 798 psia.)

~ Pressure (RCS) = 2250 psia (based on design limit) .

~ 6PNp (normal operating)= 2250 psia - 790 psia = 1460 psid
~ d PsLe (steam line break) = 2560 psid (Pressurizer safety valve setpoint = 2485

psig + 3% uncertainty = 2560 psig primary pressure. 0 psig assumed for the
secondary pressure).

: Tube-to-TSP proximity precludes tube burst during normal operating
conditions; therefore, an axial crack contained within a TSP will not be subjected to
36PNp pressure. However, during a postulated MSLB, it is conservatively assumed
that the TSP has the potential to deflect during blowdown, thereby uncovering the
intersection and exposing the axial crack to the 1.436,PsLe pressure.

5g~: For circumferential cracks at TSPs, the TSP material is assumed to not
provide additional resistance to burst. Therefore, 38 P„p pressure applies.
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Table 11

Summary of PG8 E Initiatives to Prevent SG Tube Degradation - DCPP Unit 2

Initiative Description Date - Outage
Convert secondary side chemistry from phosphate to AVT Pre-startup
Install deep bed CPS (condensate polisher system) and
emergency (plant curtailment) procedures issued to protect
against seawater condenser leaks
Expand the SG tubes in the tube sheet using the WEXTEX
process

Pre-startup

Pre-startup

Install a floating roof on DCPP's condensate storage tank Pre-startup
Adopt EPRI's Secondary Chemistry Guidelines
Adopt EPRI's Eddy Current Inspection Guidelines
Replace Cu-Ni tubing in condenser with titanium
Tubesheet sludge lancing

Pre-startup (1982)
Pre-startup (1984)
Pre-startup (1985)
2R1 (1986)

Heat treat the SG tubes in the Row 1 and 2 U-bend region 2R1 (1986)
Replace the Cu-Ni and Cu-Zn tubing in the feedwater
heaters with SS

2R1 (1986)

Implement a 1% of MSR (main steam reheat) SG Blowdown 1988
Policy
Implement boric acid addition program, including boric acid
soaks at startup
Adopt WEXTEX Owners Group NDE Guidelines
Implement high Hydrazine (100 ppb) addition
Shotpeen the tubes in the TS to mitigate PWSCC
Implement molar ratio control by NH4CI injection to control
excess alkalinity
Replace ammonia with ETA for pH control
Reduce primary-to-secondary leakage limit to 150 gpd

2R2 (1988)

1992
Dec 1992
2R5 (1993)
Aug 1993

Mar 1994
Oct 1995
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