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Pacific Gas and Electric Company Diablo Canyon Power Plant
P.O. Box 56
Avila Beach, CA 93424
805/545-6000

Warren H. Fujimoto
Vice President-Diablo Canyon
Operations and Plant Manager

June 29, 1995

PG8E Letter DCL-95-137

I g
U.S. Nuclear Regulatory Commission
ATTN: Document Control Desk
Washington, D.C. 20555-0001

Docket No. 50-275, OL-DPR-80
Docket No. 50-323, QL-DPR-82
Diablo Canyon Units 1 and 2
Res onse to NRC Generic Letter 95-03 "Circumferential
Crackin of Steam Generator Tubes"

Gentlemen:

Generic Letter 95-03, "Circumferential Cracking of Steam Generator Tubes," was
issued on April 28, 1995. PGLE's response to GL 95-03 is enclosed.

Sincerely,

Warren H. Fujimoto
ere-4 /=A.keogwi+

og Vr~/o~Srpll-@~I'Djh S Pb
Subscribed and sworn to before me
this 29th day of June 1995

Attorneys for Pacific Gas and Electric
Company
Bruce R. Worthington
Richa . Locke,

Notary Public ichard F. Locke

cc: L. J. Callan
Melanic A Miller
Kenneth E. Perkins
Michael D. Tschiltz
Diablo Distribution
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PGRE Letter DCL-95-1 37

ENCLOSURE

RESPONSE TO NRC GENERIC LETTER 95-03'CIRCUMFERENTIAL CRACKING
OF STEAM GENERATOR TUBES"

Recent nondestructive examination of steam generator (SG) tubing at Maine Yankee
has Identified a large number of circumferential indications at the top of the SG
tubesheet region. These most recent inspection findings, coupled with previously
documented inspection results regarding circumferential cracking, have lead to the
issuance of NRC Generic Letter (GL) 95-03, "Circumferential Cracking of Steam
Generator Tubes," on April 28, 1995. The GL requests the following:

Re uesfed Actions

(1) Evaluate recent operafing experience with respecf to fhe detecfion and sizing of
circumferential indicafions to determine fhe applicabilify fo their plant.

(2) On the basis of the evaluafionin Item (a) above, pastinspecfion scope and
results, susceptibility fo circumferential cracking, fhreshold of defecfion, expected
orinferred crack growfh rafes, and ofher relevanf facfors, develop a safefy
assessmentj usfi'fylng confinued operation until fhe next scheduled SG tube
inspections are performed.

(3) Develop plans for the nexf steam generafor tube inspections as they pertain to
fhe defecfion of circumferential cracking. The inspection plans should address,
buf nof be limited fo, scope (including sample expansion criteria, ifapplicable),
mefhods, equipment, and criteria (including personnel fraining and qualification).

Licensees are encouraged fo work closely with industry groups on coordinafion of
inspecfions, evaluafions, and repair opfions for all forms ofsfeam generator tube
degradation. In the interest of optimizing the use of resources, licensees are
encouraged to develop generic safety assessments and inspection plans as described
above for logical groupings ofplanfs, where possible. Plant-specific factors fhat may
affect fhe applicabi%'ty of fhe generic assessmenf to a planf should be addressed (e.g.,
gross chemisfry excursions).
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Re uested Information

Within 60 days from the date of this generic letter, all addressees are required to submit
a written response with the requestedinformation:

(4) a safety assessmentjustifying continued operation thatis based on the
evaluations performedin accordance with Requested Actions (1) and (2) above.

(2) a summary of the inspection plans developedin accordance with Requested
Action (3) above and a schedule for the next plannedinspection.

PG&E Response to GL 95-03, Requested Information (1): Safety Assessment
Justifying Continued Operation of Diablo Canyon Units 1 and 2

1.0 Introduction

As encouraged by the NRC in GL 95-03 in order to optimize the use of resources, the
safety assessment provided herein is based on a generic assessment performed by the
Westinghouse Owners Group (WOG) industry group in WOG letter dated June 14,
1995, "Circumferential Cracking of SG Tubes GL 95-03- Final Report, Operating
Experience Data and Safety Assessment, MUHP-4101" (WOG Letter). The WOG is
transmitting this letter to the NRC.

PGKE's safety assessment is based on several factors: recent industry operating
experience of plants similar to the design of Diablo Canyon Power Plant (DCPP), Units
1 and 2 (i.e., WEXTEX plants), with respect to detection and sizing of circumferential
indications in SG tubes; the susceptibility of DCPP SG tubes to circumferential
cracking; past DCPP SG tube inspection scope, techniques, and results; detection
threshold of circumferential cracks; expected or inferred crack growth rates; and other
relevant factors such as ameliorative measures taken by PG8 E to prevent SG tube
degradation at DCPP.

2.0 Back round: DCPP Units 1 and 2 Steam Generators

Diablo Canyon Units 1 and 2 use Westinghouse Model 51 SGs with explosively
expanded (WEXTEX) transitions. The SGs use Alloy600 MillAnnealed (MA) tubing.
The nominal outside diameter of the tubing is 0.875 inches with a 0.050-inch nominal
wall thickness. The DCPP SGs operate with a nominal hot leg temperature (Th,<) of
603'. The commercial operation dates for Units 1 and 2 are May 1985 and March
1986, respectively. To date, the effective full power years (EFPY) of operation are 8.2
and 7.7, respectively.
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The WEXTEX 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 WEXTEXprocess has only
been implemented on Alloy600 IVIAtubing. A listing of other plants with SGs using the
WEXTEXexpansion process is provided in Attachment 1.

3.0 Recent Indust 0 eratin Ex erience with Circumferential Crackin

Recent industry operating experience of Westinghouse-designed SGs with respect to
the detection and sizing of circumferential indications is provided in the WOG Letter.
This section summarizes relevant information from the WOG Letter as it pertains to
plants similar to the design of DCPP Units 1 and 2 (i.e., WEXTEXplants).

3.1 Com arison of Recent Indust Findin s with Westin house Plants

The WOG Letter states that the most recent inspection findings concerning SG tube
expansion regions (at Maine Yankee and Arkansas Nuclear One, Unit 2) appear to
have impacted those SGs using the Combustion Engineering (C-E) EXPLANSION
process more than other expansion processes. While there are similarities between
the C-E EXPLANSION process and the Westinghouse WEXTEXexpansion process,
the degree to which all Westinghouse units, regardless of the tube expansion process,
have been affected by circumferential cracking is significantly less than the most recent
experience of the C-E units. Furthermore, the sludge pile height at Maine Yankee,
which may have influenced detectability of circumferential indications, is not
representative of the typically lower sludge pile thicknesses that exist at currently
operating Westinghouse units.

3.2 Re ionsof Circumferential De radation Concerns

The experience data for Westinghouse Model 51 plants show that circumferential
indications have been detected in three areas: (1) at tube expansion transitions
located in the tubesheet region; (2) at small radius (rows 1 and 2) U-bend tangent
points; and (3) at dented tube support plate (TSP) intersections. Attachment 1 provides
available historical circumferential cracking experience for all Westinghouse plants with
WEXTEX transitions.

The WOG Letter states that, based on industry operating experience, the incidence of
circumferential cracking at dented TSPs and small radius U-bends has not been
significant, both in numbers of indications and in indicated rotating pancake coil (RPC)
arc angles. In addition, there are a limited number of tubes that can be affected;
specifically, those with small radius U-bends and dented TSP intersections.
Consequently, these two areas are not discussed further in this section with respect to
industry operating experience.
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The WOG Letter further states that another area of potential concern for circumferential
cracking in Westinghouse-designed SGs relates to high-cycle fatigue failures of tubes
at dented upper TSPs combined with an unsupported condition (i.e., no antivibration
bar contact). However, this area of concern has been previously evaluated in NRC
Bulletin 88-02, "Rapidly Propagating Fatigue Cracks in Steam Generator Tubes," and
PG&E has taken appropriate actions to mitigate this concern as documented in PG&E
Letters DCL-88-064, DCL-88-262, and DCL-88-290, dated March 24, November 2, and
November 30, 1988, respectively. Therefore, this additional area of potential concern
is not discussed further in this letter.

The WOG Letter states that most of the incidences of circumferential cracking have
occurred at the top-of-tubesheet region and is the primary reason for issuance of GL
95-03. Therefore, the remainder of this section summarizes the operating experience
of WEXTEX plants in the top-of-tubesheet region.

3.3 Pulled Tube Summa for WEXTEX Plants

Circumferential cracking in WEXTEX transitions was first experienced at North Anna
Unit 1 in 1987. As discussed in the WOG Letter, destructive examination results from
two tubes pulled from North Anna revealed circumferential primary water stress
corrosion cracking (PWSCC) with arc angles of 128 and 176 degrees and maximum
throughwall depths of 100 and 90 percent, respectively. Numerous uncorroded
ligaments were detected in the burst macrocracks of both specimens. Measured burst
pressures for these tubes were 9,250 and 10,700 psi, respectively, which satisfy
Regulatory Guide (RG) 1.121, "Bases for Plugging Degraded PWR Steam Generator
Tubes," requirements for demonstrating structural integrity.

Several other tubes have been pulled from WEXTEXplants due to indications at TSP
intersections. The WOG data show that, for two tubes pulled from North Anna Unit 1 in
1985, no significant degradation was identified at the WEXTEX transition region. In
three other tubes pulled from WEXTEX plants in 1990 through 1993, no detectable
degradation at the WEXTEX region was found during destructive examination.

3.4 End of C cle Structural Limits

As discussed in the WOG Letter, a development program was conducted by the WOG ~

during the time period (1987-1992) when circumferentially oriented degradation began
to appear in WEXTEXexpanded tubes. To permit a rapid scoping assessment for tube
burst capability of circumferential indications, a burst correlation was developed for
throughwall circumferential crack extents. The burst correlation was then applied to
define the structural limit on throughwall crack extents (arc angles) that satisfy the
RG 1.121 burst margin for 3 times the normal operating pressure differential. Using the
burst correlations, the following structural limits for throughwall indications were
developed for three crack models:
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7/8-Inch Tubing
End of C cle Structural Limits for Circumferentiall Oriented De radation

3hP = 4500 si
35P = 4300 si

Steam Line Break
d,P = 2560 si

Single Throughwall
(TW) Crack Model

210'26'210

Single TW Crack
with 50% Degraded

Li ament
210o
226'83'egmented

TW
Crack Model

264'69'18's

can be seen from the above table, circumferential cracks with significant arc angles
are needed to encroach upon RG 1.121 limits. If measured RPC arc angles are less
than the above structural limits, it can be concluded that the indications satisfy
RG 1.121 burst margin guidelines. If the measured RPC arc angles exceed the above
structural limits, additional inspection (such as UT) or structural analysis are needed to
assess tube integrity.

3.5 Tube Inte rit Assessments Performed b Westin house

3.5.1 Tube Burst Considerations

The WOG WEXTEX Inspection Guidelines were established in 1991. Since that time,
the WOG data show that five indications have been found (at currently operating
WEXTEXplants other than DCPP) with RPC arc angles exceeding the structural limit
for the assumed single uniform throughwall cracks. The indications were UT-inspected
to obtain additional crack characterization to support structural integrity assessments.
Based on the UT inspections, the indications were found to satisfy structural integrity
requirements based on the presence of large structural ligaments and intermittent
segmented cracks.

Based on the above tube integrity assessments, the WOG Letter concludes that all
circumferential indications found in WEXTEXexpansions have a burst capability
exceeding RG 1.121 requirements. The largest indications were found in the initial
RPC inspections in 1991; thereafter, the number and size of indications have steadily
decreased. This is consistent with the modest growth rates in arc angles found for
WEXTEX indications (see Growth Rate discussion, Section 3.5.2). Since continued
inspections have not identified large arc angles or growth rates, and operating
experience shows no WEXTEXregion primary-to-secondary leakage since the North
Anna experience in 1987, the WOG Letter concludes that it is unlikely that large
indications are being missed with RPC technology.
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3.5.2 Growth Rate

Since tubes with indications of circumferential degradation are plugged upon detection,
a quantified cycle-to-cycle growth rate is difficultto establish with a high degree of
accuracy. In addition, as eddy current analysis criteria are continually enhanced, the
chance of detecting a low-level indication from a previous inspection becomes more
remote. Nonetheless, as discussed in the WOG Letter, a growth rate for WEXTEX
indications has been established by examining indications having RPC inspections at
the cycle detected and the prior cycle.

Data from all plants was obtained; the largest database is from the original North Anna
Units 1 and 2 SGs between 1991 and 1993, which have since been replaced. Over 85
percent of the growth rate indications had an RPC arc angle growth rate less than
30 degrees per EFPY, with the largest growth rate less than 100 degrees per EFPY.

As noted in the WOG Letter, for the numbers of indications traceable to a previous
inspection in currently operating WEXTEXplants, circumferential crack growth rates
have been estimated to be on the order of 10 to 64 degrees per cycle.

4.0 DCPP-S ecific Tube Inte ri Assessment

PG&E has evaluated the operating experience (summarized in Section 3) of SGs
similarly designed to those installed at DCPP with respect to the incidence of
circumferential cracking. Based on the industry data, the following regions of the
DCPP Units 1 and 2 SG tube bundles are potentially susceptible to circumferential
cracking: small radius U-bends, dented TSP intersections, and WEXTEX transitions.

This section provides a summary of PG&E's steam generator Nondestructive
Examination (NDE) Program, past inspection scope and results in susceptible regions,
measures that have been implemented to ameliorate and/or adequately assess the
condition of tubes in susceptible regions, and assessments that confirm the integrity of
the tubes with respect to circumferential cracking.

4.1 DCPP Steam Generator Nondestructive Examination Pro ram

Prior to startup of both units, PG&E adopted the EPRI PWR Steam Generator
Examination Guidelines. PG&E also adopted the WOG WEXTEX Inspection
Guidelines upon their issuance.

Site-specific SG data analysis training and testing have been administered to eddy
current data analysts prior to the start of each refueling outage inspection. -The
majority of data analysts were Qualified Data Analysts (QDAs) per Appendix G of the
EPRI Guidelines.
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'Conventional 3-coil RPC probes have been used to perform augmented inspections of
WEXTEX transition regions and dented TSP intersections. Single-coil RPC probes
have been used to perform augmented inspections of small radius U-bends.

In addition, PG&E has adopted the following NDE Program enhancements:

~ PG&E has implemented a program of ongoing NDE overview by independent
industry experts (most recently an Eddy Current Level III from Arizona Public
Service).

~ In response to NRC Information Notices and other industry events, PG&E has
upgraded the NDE Program inspection techniques and guidelines (e.g., PG8 E has
proceduralized the use of c-scan plots for analysis of RPC indications in response
to the recent Maine Yankee event).

~ PG8E has supported the use and development of enhanced NDE inspection
techniques and tools (most recently, PG8 E field tested the Plus-Point and Cecco-5
probes during 2R6).

The use of EPRI and WEXTEX Guidelines, conventional RPC technology, trained
personnel, and NDE Program enhancements provide assurance that an adequate
assessment of SG structural integrity has been provided at each inspection.

4.2 Summa of Past Ins ection Sco e

, To provide an overview of PG&E's past eddy current program at DCPP Units 1 and 2,
Attachments 2 and 3 summarize the scope of past SG inspections for Units 1 and 2,
respectively. Tables are provided to summarize the inspection scope for both the
bobbin full-length inspection program and the augmented RPC inspection program for
small radius U-bends, dented TSP intersections, and WEXTEX transitions.

The full-length inspection program using bobbin probes is not intended to detect
potential circumferential degradation because the bobbin probe is not effective in
detecting circumferential cracking. Therefore, the program is augmented by RPC
probe inspections of tubes in susceptible regions (e.g., small radius U-bends, dented
TSPs, and WEXTEX transitions). A summary of the bobbin program inspection scope
is included in Attachments 2 and 3 to provide a complete inspection scope history.
Beginning in 2R5 and 1R6, 100 percent of all tubes were inspected full-length by
bobbin.

The remainder of this section focuses on integrity assessments of tubes that are
potentially susceptible to circumferential cracking in the U-bend region, dented TSP
intersections, and WEXTEXtransitions. To support the tube integrity assessments,
Attachment 4 provides a summary of circumferential cracking identified in susceptible
regions for both units, and Attachment 5 provides a summary of PG8 E's initiatives that
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have been implemented to reduce the potential for tube degradation, including
circumferential cracking. These initiatives include chemistry enhancements,
configuration enhancements, adoption of effective inspection and chemistry guidelines,
and treatment (i.e., shot peening and heat treatment) of tubes that are susceptible to
cracking.

4.3 Small Radius U-Bend Re ion

4.3.1 Ins ection Sco e

PGRE has inspected 100 percent of the U-bend region of all tubes in rows 1 and 2
each refueling outage, consistent with EPRI Guidelines. The purpose of this inspection
is to detect PWSCC in short radius U-bends. Bobbin probes were used in the U-bend
region in each unit's first refueling outage. Since then (beginning in 1R2 and 2R2),
with the advent of RPC technology, these inspections were conducted using a single-
coil RPC probe.

4.3.2 Ins ection Results

Based on inspections to date, four circumferential cracks were identified in Unit 1 in
1992 (in 1R5). The arc angles were 85, 86, 87, and 96 degrees. The tubes were
plugged and no other preventive action was required.

4.3.3 Ameliorative Measures

Shortly after commercial operation, in 1986 (2R1) and 1988 (1R2), the U-bends in rows
1 and 2 were heat treated to lower the potential for PWSCC in this region. Field
experience has shown the heat treatment process to be effective in reducing new
PWSCC indication incidence rates at the U-bend tangent points.

4.3.4 Tube Inte rit Assessment

The past U-bend inspection programs at DCPP Units 1 and 2 have been performed
consistent with EPRI Guidelines such that any structurally significant circumferential
indications have been identified. The few circumferential indications that were
identified in 1992 were limited to SG tubing on Unit 1, and the indications had relatively
small arc angles. Since then, no circumferential indications have been identified in
U-bends on either unit. The incidence of circumferential cracking at U-bends in the
industry has also not been significant, both in numbers of indications and in indicated
RPC arc angles. Ameliorative measures taken by PGRE (U-bend heat treatment)
should be effective in limiting new indication incidence rates. Therefore, no
circumferential crack indications at small radius U-bends are expected at DCPP Units 1

and 2 that would challenge tube integrity through the end of the current operating
cycles.
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'4.4 DentedTubeSu ortPlate Intersections

4.4.1 Ins ection Sco e

Tube denting at TSP intersections was experienced early in the operating life of both
units. Since then, PGRE has taken ameliorative measures as described below to
control and limit the dent population.

Beginning in 2R5 and 1R6, to detect potential tube degradation in the existing dents,
PG8 E implemented an augmented inspection program to inspect dented hot leg TSP
intersections. Consistent with EPRI Guidelines, the program consisted of using three-
coil RPC probes to perform an initial random inspection of at least 20 percent of the
total population of dents. The population of dents has been defined as those that
exhibited a dent signal amplitude greater than or equal to 5 volts. Ifeither axial or
circumferential cracking were identified by RPC probes, the inspections were required
to be expanded to bound the problem. Recently, during 2R6, the initial program
consisted of a 100 percent inspection of all dented hot leg TSP intersections,
eliminating the need for expansion.

4.4.2 Ins ection Results

Based on inspections to date, no circumferential cracking has been identified at dented
hot leg TSP intersections in Units 1 and 2.

4.4.3 Ameliorative Measures

PGRE has controlled denting by controlling main condenser seawater in-leakage and
initiating several secondary chemistry improvements, including boric acid addition to
the secondary water. To prevent tube degradation at both dented and non-dented
TSPs, PGRE has implemented several secondary chemistry initiatives, as indicated in
Attachment 5.

4.4.4 Tube Inte rit Assessment

The past inspection programs at DCPP Units 1 and 2 for detecting tube degradation at
dented hot leg TSP intersections have been performed consistent with EPRI
Guidelines. No circumferential indications have been identified on either unit. As
noted in the WOG Letter, the incidence of circumferential cracking at dented TSPs in
the industry has not been significant, both in numbers of indications and in indicated
RPC arc angles. In fact, circumferential cracking at dented TSPs has been limited to
one plant (North Anna), which operates at a much higher hot leg temperature (Th,t) than
DCPP Units 1 and 2. Ameliorative measures (i.e., the secondary chemistry initiatives)
have been taken to prevent tube degradation at dented TSP intersections. Therefore,
no circumferential crack indications at dented TSP intersections are expected at DCPP
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'Units 1 and 2 that would challenge tube integrity through the end of the current
operating cycles.

4.5 WEXTEXTransition Re ion

4.5.1 Sco eof Ins ections

WOG WEXTEX Ins ection Guidelines: As part of the WOG subgroup efforts,
WEXTEXowners developed a top-of-tubesheet inspection plan. An RPC inspection
plan was defined consistent with EPRI Guidelines (i.e., 20 percent random inspection)
and historical trends for WEXTEX indications. The inspection plan divides the
tubesheet into four distinct zones. 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 percent of all industry WEXTEXcracking has
been identified in Zone 4. The inspection plan specifies an initial sample size of
50 percent of the Zone 4 active tubes (742 tubes minimum, =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 WEXTEX Guidelines
also include an expansion plan to inspect additional tubes dependent on the number
and size of WEXTEX indications identified by RPC.

DCPP-S ecific WEXTEX Ins ection: In 1991 (1R4 and 2R4), PG&E performed a
20 percent random RPC inspection of the WEXTEX transition region in each SG.
Beginning in 1992 (1R5), PG&E implemented the above WEXTEX Guidelines for
inspecting at least 50 percent of tubes in Zone 4 of the WEXTEX region.

4.5.2 Results of Ins ections

Based on inspections to date, two circumferential cracks were identified in Unit 2, one
each in 2R5 and 2R6. No circumferential cracks were identified in Unit 1. The arc
angles of the Unit 2 indications were 44 and 100 degrees, well within the structural
integrity requirements of RG 1.121. The inspections were expanded in the affected
SGs. Both tubes were plugged and no other preventive action was required.

4.5.3 Ameliorative Measures

To reduce the potential for circumferential cracking due to PWSCC within the WEXTEX
transition region, 100 percent of the tubes in both units were shot peened 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 hot leg side top of tubesheet) during 1R5 and 2R5. The shot peening
enhances the resistance of the region to PWSCC.
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Sludge lancing is routinely performed in both units. Corrosion product transport has
also been reduced through secondary water chemistry controls. These measures tend
to control sludge pile deposits that could promote stress corrosion cracking and also
interfere with eddy current signals at the top-of-tubesheet region. There is no reason to
believe that sludge levels have significantly increased this cycle compared to previous
cycles.

To provide defense-in-depth for tubes susceptible to circumferential cracking,
Operating Procedure OP 0-4, "Dented Steam Generators," implements administrative
leakage limits to assure compliance with Technical Specifications and proper response
to changes in leakage rates. OP 0-4 provides for trending of SG primary-to-secondary
leakage and requires appropriate plant actions based on varying leak rates and leak
rate increases. OP 0-4 will be reviewed to determine iffurther leakage limits are
warranted as recommended by the WOG WEXTEX Owners Group.

4.5.4 Tube Inte rit Assessment

The past top-of-tubesheet inspection programs at DCPP have been performed
consistent with EPRI and WEXTEX Guidelines regarding reporting criteria and sample
inspection size such that any structurally significant circumferential indications have
been identified. Only two circumferential indications in the WEXTEX region have been
identified and these were limited to Unit 2. The identified arc angles were well below
the DCPP-specific end of cycle structural limits, thereby meeting the structural integrity
requirements of RG 1.121.

Ameliorative measures taken by PGKE (shot peening, sludge lancing) should be
effective in minimizing the potential for circumferential cracking in the WEXTEX region.

Considering WEXTEX region circumferential crack growth rates estimated at 10 to
64 degrees per cycle as reported by the WOG, and factoring in the industry accepted
detection thresholds for throughwall circumferential degradation, no indications are
expected at DCPP Units 1 and 2 that would challenge tube integrity through the end of
the current operating cycles.

5.0 Summa of Assessment to Justif Continued 0 eration

PGRE has reviewed the applicable industry operating experience regarding
circumferential cracking of SG tubes and has assessed the potential impact of such
degradation on the DCPP SGs. On the basis of this evaluation and evaluation of past
DCPP inspections, including the scope of the inspection effort and results for each
susceptible region of the tube bundle, the threshold of detection, the expected or
inferred crack growth rates, and other relevant factors, PG8 E believes that continued
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'operation of DCPP Units 1 and 2 until the next scheduled refueling outage inspections
is justified based on the following safety assessments:
~ Those regions of SG tube bundles that are susceptible to circumferential cracking

have been inspected using EPRI and WEXTEXGuidelines, conventional RPC
technology, and eddy current analysts trained and tested on site-specific NDE
knowledge, thereby providing assurance that an adequate assessment of DCPP SG
structural integrity was provided at each inspection. Additionally, PG&E's program
has been reviewed by an independent expert, upgraded to reflect recent industry
NDE experience, and PG&E has field tested enhanced NDE tools and techniques.

~ Examinations of regions of DCPP SG tube bundles that are susceptible t'o

circumferential cracking performed to date have not identified significant
circumferential cracking, nor do they suggest that widespread cracking should be
postulated in the future.

~ Based on the large arc angle needed for circumferential WEXTEXcracks to
encroach upon RG 1.121 burst requirements, the industry-accepted detection
threshold for throughwall circumferential degradation, and the modest growth rates
in arc angles found in industry WEXTEX indications, it is unlikely that structurally
significant circumferential indications in the WEXTEX transition regions exist at
DCPP.

~ Ameliorative measures taken by PG&E, such as in situ stress relief heat treatment
of U-bends, shot peening of WEXTEXexpansions, and secondary chemistry
initiatives, should reduce the probability of significant circumferential cracking in
susceptible regions.

PG&E Response to GL 95-03, Requested Information (2): Future Inspection Plans
to Detect Circumferential Cracking

This section provides PG&E's plans for the next SG tube inspections scheduled for
1R7 and 2R7 as they pertain to the detection of circumferential cracking. The
inspection plan addresses the following: inspection schedule, scope, methods,
equipment, and criteria.

DCPP personnel will maintain an awareness of industry operating experience and
evolving technologies and adjust future inspection plans and programs as deemed
appropriate and necessary to ensure the continued structural integrity of the SGs.

Schedule

The next refueling outage SG tube inspections for Unit 1 (1R7) are scheduled for
October 1995. The next refueling outage SG tube inspections for Unit 2 (2R7) are
scheduled for March 1996.
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PG8 E will continue to inspect 100 percent of U-bends in rows 1 and 2.

Dented TSP Intersections

In accordance with EPRI Guidelines, PG&E willcontinue to inspect a 20 percent
sample of the population of dents at hot leg TSP intersections. As before, the
population of dents are those that exhibit an amplitude of greater than or equal to
5volts. The20percentsample maybeconfinedtothelowesthot leg TSPs. If a
circumferential crack is identified in the sample, the inspection will be expanded to
include 100 percent of the dents up to and including the TSP where the crack was
identified, and a 20 percent random sample inspection of dents at the next higher TSP
will be performed to bound the problem.

PG&E's dent inspection plan is performance-based, similar to the WEXTEX inspection
program. Cracking at dented TSPs has been shown to be temperature dependent,
being more likely to initiate at hotter reactor coolant system temperatures and thus at
lower hot leg TSP intersections. While PG&E has not identified any circumferential
cracks at dented hot leg TSPs, several axial cracks have been identified. These axial
cracks are confined to lower TSPs, thereby validating this observation.

WEXTEXTransition Re ion

PG&E will continue to implement the WEXTEX Guidelines. The initial inspection will
consist of 50 percent of tubes located in Zone 4. In addition, in 1R7 and 2R7 only, an
appropriate sample of tubes located outside Zone 4 will be inspected. If a
circumferential crack is identified, the inspection will be expanded in accordance with
the WEXTEX Guidelines.

Methods and E ui ment

PG&E's data analysis techniques will include EPRI-recommended practices, including
exclusive use of QDAs that are qualified to Appendix G of the EPRI Guidelines.

PG8 E will use augmented inspection techniques that are consistent with industry
recommendations and that are qualified to Appendix H of the EPRI Guidelines.
Qualified augmented inspection techniques will be used to inspect the WEXTEX
transitions, U-bends, dented hot leg TSP intersections, and to resolve anomalous or
unexpected bobbin coil results. Currently, PG&E plans to use the Cecco-5 array probe
and the Plus-Point probe to inspect dented TSP intersections and WEXTEX transition
regions. PG&E will keep abreast of developments in the industry and may choose to
use new or improved technologies if they become available.

6894S 13
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Criteria

In the absence of NRC-approved alternate tube plugging criteria, PGRE's NDE
acceptance criteria shall continue to be as follows:

~ Tubes with indications of degradation equal to or greater than 40 percent
throughwall depth after final eddy current data resolution shall be plugged.

~ Tubes shall be plugged when RPC examination shows any crack-like indication
regardless of throughwall depth. Tubes with noncrack-like RPC indications, such as
round pitting, wastage, or manufacturing buff marks, may remain in service unless
the throughwall depth is equal to or greater than 40 percent.

~ Tubes that are determined uninspectable by eddy current examination (e.g.,
severely restricted by a dent) shall be plugged.
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ATTACHMENT1

WEXTEX Explosive Expansion Plants
Allo 600 Mill Annealed (MA) Tubin

"'lant/SG

Model

Beaver Valle Unit 1/51

Diablo Can on Unit 1/51"

Diablo Can on Unit 2/51

Farley Unit 1/51

Salem Unit 1/ 51

Salem Unit 2/ 51

Se uo ah Unit 1/ 51

Sequoyah Unit 2/ 51

Startup

1976

1984

1985

1977

1976

1980

1980

1981

First Time
Circ.

Cracking

1/95

10/92

3/93

3/91

3/91

3/91

4/93

3/90

4/88

8/90

Location

Ex . Transition

Row 1 U-Bend

Ex . Transition

Ex . Transition

Row 1 U-Bend

Ex . Transition

Ex . Transition

Ex . Transition

Row 1 U-Bend

Ex . Transition

Tube Pull and
Results

No

No

No

No

No

No

No

No

No

No

Comanche Peak Unit 1 '/ D4 1990 None N/A N/A

North Anna Unit 1+'/ 51

North Anna Unit 2'/51

1978

1980

1987

1991

1989

1992

Exp. Transition

Dented TSPs

Ex . Transition

Dented TSPs

Yes, segmented
Circ. PWSCC

Yes, circ. axial
ODSCC

No

No

(a) A total of 3839 tubes were removed in the shop to facilitate a stayrod modification.
When the tubing was replaced, WEXTEXexpansion was used.

(b) Original steam generators

(c) This table is adopted from the WOG Letter and is modified to reflect the correct
DCPP Unit 1 information.
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ATTACHMENT2

Unit 1 Ins ection Histor

Table 2-1
Percent of Tubes Ins ected Full Len th b Bobbin

SG

1-2
1-3
1-4

1R1
16o

16%
16%
16%

1R2 1R3

26% 22%
22% 22%
22% 24%
25% 22%

1R4 1R5

26% 45%
26% 32%
31% 28%
27% 35%

1R6

100%
100%
100%
100%

U-Bend lns ection Pro ram:
Table 2-2

Percent of Rows 1 and 2 U-bends Ins ected by RPC

SG

1-2
1-3
1-4

1R1 1R2 1R3 1R4
N/A 100% 100% 100%
N/A 1 00% 1 00% 1 00%
N/A 100% 100% 100%
N/A 1 00% 1 00% 1 00%

1R5

100%
100%
100%
100%

1R6
100%
100%
100%
100%

Note: 100% inspection of Rows 1 and 2 was performed using bobbin in 1R1.

Dent Inspection Pro
Table 2-3

ram: Percent of Dents at Hot Le TSPs 1 throu h 7 Ins ected by RPC

SG

1-2
1-3
1-4

1R1

N/A
N/A
N/A
N/A

1R2
N/A
N/A
N/A
N/A

1R3 1R4
N/A N/A
N/A N/A
N/A N/A
N/A N/A

1R5 1R6
N/A 10%
N/A 17
N/A 23%
N/A 26%

WEXTEX Ins ection Pro ram:
Table 2-4

Percent of Tubes lns ected b RPC in the WEXTEX Region
SG

1-2
1-3
1-4

1R1 1R2
N/A N/A
N/A N/A
N/A N/A
N/A N/A

1R3
N/A
N/A
N/A
N/A

1R4 1R5 1R6
20% 22% 22%
20% 22% 22%
20% 22% 23%
20% 22% 22%
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ATTACHMENT3

Unit 2 Ins ection Histor

Table 3-1
Percent of Tubes Ins ected Full Len th b Bobbin

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

2R1 2R2 2R3 2R4
25% 22% 23% 24%
25% 24% 23%

1 QQ% 2Q% 23% 25%
25% 21 % 240jo 25%

2R5
100%
100%
100%
1 00%

2R6
100%
100%
10Q%
100%

U-Bend lns ection Pro ram
Table 3-2

Percent of Rows 1 and 2 U-bends Ins ected by RPC

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

2R1

N/A
N/A
N/A
N/A

2R2 2R3
100% 100%
100% 100%
100% 100 jo
100% 100%

2R4 2R5
100% 100%
100% 100%
100% 100%
100% 100%

2R6
100%
100%
100%
100%

Note: 100% inspection of Rows 1 and 2 was.performed using bobbin in 2R1.

Table 3-3
Dent Ins ection Pro ram: Percent of Dents lns ected b RPC

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

2R1 2R2
N/A N/A
N/A N/A
N/A N/A
N/A N/A

2R3
N/A
N/A
N/A
N/A

2R4 2R5 2R6
N/A 1 00% 1 00%
N/A 100% 100%
N/A 100% 100 jo
N/A 1 00% 1 00%

Note: For 2R5, inspection scope comprised hot leg TSPs 1 through 6.
scope comprised hot leg TSPs 1 through 7.

For 2R6, inspection

Table 3A
WEXTEX Ins ection Pro ram: Percent of Tubes in WEXTEX Re ion Ins ected by RPC

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

2R1

N/A
N/A
N/A
N/A

2R2
N/A
N/A
N/A
N/A

2R3 2R4
N/A 20%
N/A 20%
N/A 20%
N/A 20%

2R5 2R6
41% 28%
41% 22%
41% 22%
41% 46%
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ATTACHIVIENT4

Circumferential Cracks Identified in DCPP Units 1 and 2 SGs

SG Location Re ion Arc An le Mechanism Outa e Date EFPY
R1C1
R1C2

1-2 R1C18

U-bend
U-bend
U-bend

86 de
96 de
85 de

PWSCC
PWSCC
PWSCC

1 R5 1 0/92 5.9
1 R5 1 0/92 5.9
1R5 10/92 5.9

1-2 R1C24 U-bend
2-2 R1 2C46 WEXTEX
2-4 R17C44 WEXTEX

87 de
44 de
100 de

PWSCC
PWSCC
PWSCC

5.72R5 3/93
2R6 10/94 7.1

1R5 10/92 5.9
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ATTACHMENT5

Summary of PG&E Initiatives to Prevent SG Tube Degradation

Initiative Descri tion
Convert secondary side chemistp from phosphate to all volatile
treatment
Install dee bed Condensate Polisher S stem
Ex andtheSGtubesinthetubesheetusin the WEXTEX rocess
Install a floatin roof on Condensate Stora e Tank
Ado t EPRI's Seconda Chemist Guidelines
Ado t EPRI's Edd Current Ins ection Guidelines
Heat treat the SG tubes in the row 1 and 2 U-bend re ion

Date-Outa e

Pre-startup

Pre-startu
Pre-startu
Pre-startu
Pre-startu 1982
Pre-startu 1984
2R1/1R2 1986/1988

Re lace the Cu-Ni and Cu-Zn tubin in the feedwater heaters with SS 1R1/2R1 1986
Im lement a 1% of MSR SG Blowdown Polic on U1/U2
Im Iement Boric Acid Addition
Ado t WEXTEXOwners Grou NDE Guidelines
Im iement hi h h drazine 100 b addition on U1/U2
Shot Peen the tubes in the TSPs to miti ate PWSCC
Re lace ammonia with ethanolamine on U1

Im lement molar ratio control b NH4CI in'ection on U1/U2
Re lace ammonia with ethanolamine on U2

1988
1R2/2R2 1988
1992
Dec 1992
1R5/2R5 1992/1993
Au 1993
AU 1993
Mar 1994
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