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EXECUIlVLEUMMA10'

This report contains a significant amount of detailed technical discussion.
Therefore, for convenience, Portland General Electric Company (PGE) has
provided in this executive summary, a brief discussion of critical points and
conclusions that have been addressed in more detail in the. body of the
report. The organization on this Executive Sununary is consistent with the
structure of the full report. For a detailed discussion of the factors that
support the PGE position, the f ull report should be reviewed.

RIIROMCIION AND PL'RPOSE

The purpose of this report is to demonstrate, based upon months of extensive
examination, testing, and analysis, that reasonable assurance exists that the,

steam generator tubes lef t in service meet the applicable tube integrity
requirements.

During the 1991 Refueling Outage at the Trojan Nuclear Plant (TNP), PGE
conducted ir. service inspection (ISI) of steam generator tubes using bobbin
coil and motorized rotating pancake coil (MRPC) probes. Destructive
examinations also were performed on eight tubes that previously had been
removed from service.

Evaluations of MRPC probe results indicate that axially oriented intergranular
. stress corrosion cracking (IGSCC) microflaws were present on the outer

i diameter of tubes at the tube support plate (TSP) intersections. An
j' inspection of the affected steam Benerator tube intersections with the TSPs

was completed using the MRPC probe. Destructive examinations of some TSP
intersections showed some intergranular attack (IGA). Tubes with defects were
repaired by plugging or sleeving.

5 (ODSCC/ IGA)Outside diameter stress corrosion cracking /intergranular atti:
microflaws meeting stringent repair criteria were lef t in cervice _ because they
do not significantly affect tube structural integrity. This report provides;

the technical basis .for concluding that the tubes remaining in service for
Operating cycle 14 meet applicable tube integrity 'm uirements.

PGE has-also prepared this report to address several reporting requirements in
Trojan Technical Specifications (TTS)-and in Nuclear Regulatory Commission
(NRC) Regulatory Guide (RG) 1.83, " Inservice Inspection of Pressurized Water
Reactor Steam Generator Tubes", Revision 1 dated July 1975.

|-

O
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PGE conducted the first inservice inspection of the TNP steam generator tubes
in 1975. In 1989, the first year that an MRPC prebe was used to confirm
bobbin coil probe possible indications (PIs), 199 tubes were identifled as
having ODSCC/ IGA at TSP intersertions. In 1990, 137 tubes were identified as
having ODSCC/ IGA at TSP intersections. These tubes were removed from service
by plugging. Based in part on the number of OD3CC/ IGA flaws discovered in
1989 and 1990, an extensive eddy current testing (ECT) program was planned for
the.1991 Refueling Outage.

PIEULIS_0LINSIICIl0E

American Society of Mechanical Engineers (ASME) Section XI, " Rules for
Inservice Inspection of Nuclear Power Plant Components" (1983 Edition-through
Sumner 1983 Addenda), requires examination of steam generator tubes. This
requirement is satisfied by using eddy current techniques described in ASME
Section V, '% ndestructive Examination" (1983 Edition through Summer 1983
Addenda). Notwithstanding successful use of the bobbin coil probe in eddy
current tests for identifying significant tube flaws, the MRFC probe has been
shown to be more reliable at characterizing ODSCC/ IGA. As such, MRPC probes
are used at TNP to ~ confirm PIr identified by a bobbin coil probe.

In addition to ECT of steam generator tubes in place, several tube- which

O (according to ECT readings) had flaws were pulled to determine burst strength
and flaw characteristics. As a result of these tests, it was determined that
bobbin coil probe data from all four steam generators should be re-examined to
identify FIs with similar degradation. These and other analyses led to the
conclusion that additional repairs were warranted. Also, additional
conservatism was added to tube repair thresholds in that tubes which had
ODSCC/ IGA microflaws identified by bobbin coil probe PIs, with a voltage -

amplitude greater than or equal to 1.0 V (normalized to a 5 V standard on
20 percent through-wall hole per the ASME Code), and confirmed by MRPC probe
results also were repaired.

EVALUAU ON OF_ PULLED TUfES

'Eight steam generator tubes with TSP intersections were removed from Trojan
Steam Generators C and D. With two exceptions removed TSP intersections were
burst / leak tested. In sum, it was determined that for tubes that have been in
service: (1) various forms of intergranular corrosion morphology were
observed-- from IGA to IGSCC; (2) burst strengths are usually close to that of
a nondegraded tube; (~s) the number of axial flaws around the circumference of
a tube varies considerably from one TSP intersection to another; (4) the
variation in.the nt.mber of flaws suggests that the chemical conditions for
ODSCC/ IGA may be localized in a relatively small circumferential arc of a TSP

OG

.. . .. -- - - -



- - . - . - . . . - . ~ . - - -

Revision 0

Trojan Nuclear Plant' Document Control Desk
Docket 50-346- December 15, 1991
License NPF-1 Attachment

Page 7 of 79

O
crevice, or may extend uniformly around the tube; (5) usually, the length of
the intergranular burst flaw is less than the thickness of the TSP; and (6)
burst tests demonstrate that notwithstanding tube ODSCC/ IGA flaws, NRC
RG 1.121 " Bases f or Plugging Degraded PWR Steam Generator Tubes", dated
August 1976, will still be satisfled since the burst pressure is greater than
the maximum differential pressure for a steam line break (2,260 psi), and
greater than three times diffcrential pressure for normal operating conditions
(4,275 psi).

ACCE,flAElllIL2LHBILEEMAININE IILSERY_lCE

The inspection criteria that has been used during the 1991 Ref ueling Outage
has the following critical elements: (1) 100 percent bobbin coil inspection
of_ hot leg tubes from the hot leg tubesheet to the cold leg side seventh TSP
intersection; (2) 100 percent MRPC inspection of hot leg TSP intersections up
through the fifth TSP intersection and of bobbin coil probe PIs; and (3) MRFC
inspection of a sample of hot leg sixth and seventh TSP intersections and of
the hot leg sixth and seventh TSP intersections that had bobbin coil voltage
readings of greater than 1.0 V (normalized to a 5 V standard).

The tube repair basis for the 1991 Refueling Outage had three phases.
Revision 0 inspection criteria resulted in the repair of tubes that had bobbin
coil probe PIs, which were confirmed by MRPC probe to have ODSCC/ IGA.
Revision 2 (finalization of Revision 1) inspection criteria resulted in the
repair of tubes that had MRPC probe indications found during the 100 percent

\ MRPC probe inspection of the first through the fifth TSP intersections, and a
sampling of the sixth and seventh TSP intersections. Revision 3 inspection

criteria resulted in the repair of tubes that have a bobbin coil probe signal
amplitude greater than or equal to 1.0 V (normalized to a 5 V standard), and

, have been confirmed by MRFC probe to have ODSCC/ IGA microflaws.'

The tube repair bases were developed such that tubes at TNP that remained in
service with ODSCC/ IGA microflaws satisfy the tube integrity requirements of
NRC RG 1.121. This approach considered other facters such as future
degradation of the tube, ECT measurement uncertainty,-and anticipated end of

| Operating Cycle ROC) bobbin coil probe voltage. Furthermore, the projected
increase in ree cor coolant outlet temperature of 2.2*F, as a result of'

plugging the analyzen limit of 20 percent of the steam generator tubes, has
been conservatively accounted for by increasing the estimated EOC bobbin coil
probe voltages by 15 percent in assessing tube integrity. NRC RG 1.121.
requires in relevant part that: (1) tubes maintain a factor of safety of

three against failure (burst) under normal operating pressure differential
conditions; (2) tubes maintain adequate margin against failure under
postulated combined accident condition loadings and under loadings required to
initiate propagation of the largest longitudinal flaw resulting in tube
rupture; and (3) the leak rate determined for the largest permissible

O
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longitudinal flaw should be 1er .i.an the leak rate limit specified in TTS.

Items 1 and 2 are satisfied witbout consideration of the constraint of the TSP.

In sum, evaluations of burst test data conclude that because NRC RG 1.121 has ,

been satisfied, adequate structural integrity and margin against tube burst
remains. 5Similarly, it has been concluded based on this margin, there is a3.4 x 10- probability that a tube rupture will occur in a TNP steam generator
as the result of an ODSCC/ IGA microflaw. In other words, tube rupture is an

unlikely event due to this type of degradation.

FAILURE ANALYSIS ASSOCIATES. INC. QaAA) OVERVID{

FaAA was retained at the request of PGE to provide an independent overview
function of the PGE steam generator tube repair actions that have been
undertaken during this refueling outage. The FaAA overview included the
review of plans and products generated by engineering staff, PGE consultants,
and service vendors. FaAA has concluded that: (1) PGE inspection and
analysis procedures comply with appropriate regulatory and industry
requirements; (2) recently evolved data analysis procedures appear to be
technically sound and applicable to the subject problem; (3) the statistical
analysis of ECT results for hundreds of axial indications for the past two

operating cycles provides a basis to establish degradatie* growth rates based
on voltage used in tube integrity assurance analyses; (4) tube integrity will
be maintained per Westinghouse analyses and TNP's conservative basis of

O repair; and (5) FaAA concurs with the Operating Cycle 14 plan to (a) continue
operation with high purity water, (b) implement planned improvements in water
chemistry analytical instrumentation; (c) provide for scientific study of
crevice chemistry and the use of crevice chemistry computer models through
short-term controlled species injections, while maintaining water chemistry
control within current Electric Power Research Institute (EPRI) guidelines;
and (d) make_ changes as required to improve tube-to-TSP intersection crevice
chemistry consistent with EPRI guidelines.

OFERAT10ML_EN11ARCffiMIS_EQR FUEL CLCL]Llh

Several operational enhancements will be implemented prior to, or during
Operating Cycle 14. These enhancements are intended to either minimize the
likelihood of a tube rupture, or better enable operations staff to promptly
detect a rupture, should it occur. The enhancements include:

(1) Installation of nitrogen-16 (N-16) monitors on main-steam lines. These
monitors will provide early detection of primary-to-secondary leaks at a
sensitivity of approximately I gpd.

(2) Tube degradation has occurred at TNP even though very low levels of
impurities in secondary side water have been achieved in striving to

O

. - _ .
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comply with increasingly stringent recommende' impurity standards. The
degradation appears to have resulted from the concentration of caustic
agents in crevices between tubes and TSPs. The concentration of
impurities stems from the restriction of flow in the tube-to-TSP
intersection crevices, which is a condition inherent in TNP steam
generator design. As a result, PGE will monitor and control molar ratios
of important cations and anions in the secondary. side bulk water and
monitor the hideout-return. In regard to overall water chemistry, PGE
plans to change the water chemistry to achieve a near-neutral tube-to-TSP
intersection crevice chemistry condition.

(3) The present TTS primary-to-secondary leakage limit of 500 gpd per steam
generator and total of 1 spm will be reduced substantially to 130 spd per
steam generator and total of 400 gpd in a TTS change that will be
submitted to the NRC in the near f uture. In addition, PGE plans to

implement an additional administrative control that will reduce the
,

allowed primary-to-secondary leak rate for Operating Cycle 14 to 80 gpd.,

(4) Training for operators has been augmented to ensure operator ability to
detect and correctly respond to a potential steam generator tube rupture
or tube leakage. The training utilized the Plant simulator to test
operator skills regarding specific accidents (and precursors) that could
occur at TNP, and relevant tube rupture events that have occurred at
sevaral other facilities.-

CQNCINELON

PGE has demonstrated that the condition of TNP steam genetators prior to
restart will satisfy TTS and NRC RG 1.121 requirements in that: (1) tubes
will not be left in service which contain structurally significant flaws that
have an average depth exceeding about 40 percent through-wall, and (2) tubes
left in service with ODSCC/ IGA microflaws at the TSP intersections will not
become unserviceable prior to the next ref ueling outage.

Accordingly, PGE has determined that TNP steam generators will be acceptable
for restart.

i

i

i

O
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STEAM GENERATOR TUBE INTEGRITY SAFETY ANALYSIS REPORT

FOR

TUBE SUPPORT PLATE INTERSECTIONS

1. INTRODUCTION AND PURPOSE

The purpose of this report is to demonstrate, based on months of
extensive examination, testing, and analysis, that reasonable assurance
exists that the steam generator tubes to be left in service for
Operating Cycle 14 meet applicable tube integrity requirements to
protect public health and safety.

During the 1991 Refueling Outage of the Trojan Nuclear Plant (TNP),
Portland General Electric Company (PCE) conducted inservice inspection

(ISI) of the steam generator tubes in accordance with Trojan Technical
Specification (TTS). The ISI was accomplished by eddy current testing
(ECT), using a bobbin coil probe to identif y possible indications (PIs)
which were then evaluated using a motorized rotating pancake coil

(MRPC) probe. In addition, destructive examinations were perf orrned on

tubes removed from the steam generators.

The inspections and examinations of the TNP steam generator tubes
identified the presence of some intergranular attack (IGA) and axially
oriented intergranular stress corrosion cracking (IGSCC) on the outer
diameter of the tubes where they intersect with the tube support plates
(TSPs). The particular IGSCC identified is referred to at TNP as outer
diameter stress corrosion cracking (ODSCC). Inspections of the

affected TSP intersections were completed using the MRPC probe. The

O
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OD
inspections and examinations were revised and expanded during the
course of the outage.

s

Evaluations of MRPC probe results also identifisd the presence of
ODSCC/ IGA microf14ws (those flaws which may extend to a maximum depth

greater than 40 percent through-wall, but which do not involve
significant tube degradation) at the TSP intersections. Burst pressure
tests of tube intersections removed from the steam generators

demonstrated that tubes with ODSCC/ IGA microflaws retain their
structural integrity. An evaluation was completed to demonstrate that
steam generator tubes with the identified ODSCC/ICA microflaws meet the
criteria of Nuclear Regulatory Commission (NRC) Regulatory Guide

t

(RG) 1.121, " Bases f or Plugging Degraded PWR Steam Generator Tubes",

dated August 1976.

PGE plans to request NRC approval of a clarification to the TTS for

(
steam generator tube integrity to distinguish acceptance criterie for
ODSCC/ IGA from acceptance criteria for other tube degradation

phenomena. This report provides the technical basis for that TTS
change.

In addition to providing information to the NRC staff regarding steam
generator inspection activities, this report satisfies several routine
and non-routine reporting requirements contained in TTS and in NRC
RG 1.83, " Inservice Inspection of Pressurized Water Rea-: tor Steam
Generator Tubes", Revision 1, dated July 1975. TTS 4.4.5.5, " Steam
Generators, Reports". Item a, requires that as a routine matter,
"following each inservice inspection of steam generator tubes, the
number of tubes plugged or sleeved in each steam generator shall be

reported to the Commission within 15 days." This information >< been

provided in Section III of this report to the degree known at tais

O

.
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time. A supplemental report on tube plugging and/or sleeving will be
submitted subsequent to this report, as necessary, to reflect

additional inf ormation.

A non-routine reporting requirement that relates to steam generator
tube inspections is found in TTS 4.4.5.5c. This specification requires

that, "results of steam generator tube inspections which fall into
Category C-3 shall be reviewed for reportability pursuant to
Specification 6.6.1." TTS 6.6.1, " Reportable Event nction", requires

PGE to report events as required by Title 10 of the Code of Federal
Regulations, Part 50.73 (10 CFR 50.73), " Licensee Event Report System",
and to have all reportable events reviewed by the Trojan Flant Review
Board. Consistent with this requirement, on September 11, 1991. FGE
submitted Licensee Event Report (lek) 91-27, " Steam Generator

Inspections Result in C-3 Classification", which addressed the C-3
classification of the steam generator tube inspections. The LER noted

that details regarding final steam generator-related corrective actions
will be provided by FGE in a supplement to the LER. This report
contains further information concerning the steam generator-related
corrective actionc and will be referenced in the supplement to the LER.

Another nonroutine report is addressed in the basis to TTS 4.4.5.
Basis 3/0.4.5 notes that if a steam generator inspection is categorir.ed
as C-3, steam generator inspection results must be promptly reported to
the NRC pursuant to TTS 6.9.1, " Reporting Requirements Routine
Reports", prior to the resumption of TNF operation. This basis notes
also that such cases will be considered by the NRC Staff on a

case-by-case basis, and may result in a requirement for analysis,
leboratory examination, tests, additional e6dy current inspection, and
revision of TTS, if necessary. These potential results have occurred,
and are addressed in this report, with tne exception of a TTS change.
A TTS change will be provided to the NRC as a separate submittal.
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Finally, PGE has committed to NRC guidelines provided in NRC RG 1.83.
Section C.7.d of NRC RG 1.83 notes that if steam generator inspections
result in the equivale..t of a C-3 classification, or if rnore than three
steam generator tubes inspected exceed the plugging limit, the
situation should be immediately reported by the licensee to the NRC in
accordance with the facility license for resolution and approval of
proposed remedial actions. This document responds to the requirement
to provide information to the NRC pursuant to NRC RG 1.83,
Section C.7.d. and should be utilized by the staf f during its
consideration of PGE positions on this matter. PCE requests staff

review of this report snd appropriate action, as necessary, prior to
the scheduled date for TNP restart.

11. BACKGROUND

PGE conducted the first inservice inspection of the TNP steam generator
tubes in 1975, before TNP began commercial operation. In the 1979 to

1981 tirne period, the TNP steam generator tubes exhibited degradation
identified as primary water stress corrosion cracking (PWSCC) occurring
on the inside surface of the small radius, highly-stressed
curved-to-straight transition of the Row 1 U-bends. In 1981, Row 1

tubes in each steam generator, which were not previously plugged, were

plugged as a conservative preventive measure because of the ongoing
leakage associated with this type of degradation. Since then,
additional instances of inside diameter PWSCC have been observed at the
WEXTEX transitions and in the Row 2 U-bends. This type cf degradation

has been analyzed and previously reported by PGE to the NRC, and will
not be further discussed in this report.

In the mid-1980s, OD pitting was identified in se.eral steam generator

tubes. Pulled tubes examined in 1986 were found to have acidic-induced

O
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O
pitting. This pitting and other modes of degradation were addressed by
a number of changes which were made to the secondary system and

secondary water to improve steam generator chemistry.

In 1989. PGE identified axially-oriented 1GSCC in several steam

generator tubes. This degradation was located on the OD of the tubes
I

at their intersections with the TSPs and was called "0DSCC". In 1989,

the'first year that the MRPC probe was used to confirm bobbin coil
probe PIs, 199 tubes were identified as having ODSCC/ IGA in the TSP 1

intersections. Ir 1990, 137 tubes were identified as having ODSCC/1GA f

in the TSP intersee.tions. These t % ,ss were removed from service by

plugging.

Based in part on the number of ODSCC/1GA flaws discovered in 1989 and
1990, an extensive ECT program was planned for the 1991 Refueling

Outage. Furthermore, it was planned to pull tubes having

representative flaws from the steam generators for destructive
examination.

III. RESULTS OF INSPECTION

A. Eddy Current lis11ng_ Inspection Methodology

American Society of Mechanical Engineers (ASME) Section XI " Rules
for Int:ervice Icspection of Nuclear Power Plant Components",1983
Edition through Summer 1983 Addenda, requires examination of steam

generator tubes. This requirement is satisfied by using eddy
current techniques described in ASME Section V, " Nondestructive
Examination", 1983 Edition through Summer 1983 Addenda.

.

. .. . _ .. . .
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v
The'following is a description of the types of probes e.ted coil
arrangements used for ECT at TNP daring the 19irl Refueling Outage

1. Echhtn_ coil cohe can be manufactured in absolute or
differential coil arrangements. PGE uses the external
reference, differential coil arrangement for inicial
examination.

Ditterentinl_al.nni arrangements use two coilt opposed toa.

one another. When a different condition is presented to
one of the coils, an output signal is tenerated, Short

..

discontinuities such as cracks, pits, or other localired
discontinuities with abrupt boundaries can be detected if
their size is larger than the fields generated by the

differential coils,

b. Ahanlute_ signals measure the absolute value of the eddy
current conductivity and therefore do not rely on
differences between adjacent closely spaced coils.

2. MPIC_Prnhe refers to the motorized rotating pancake coil probe
assembly. Initially, PGE used an MRPC probe containing a

single coil. Following the initial 1991 Refueling Outage MRFC
probe etaluation, PGE changed to a probe containing three
coils, rather than a single coil, for examinations. The first
coil is axially seasitive, the second is circumferential1y
sensitive, and the third one is isotropic (pancake), which is

j

sensitive to flaws '.n both the axial and circumferential planes.i

Industry use of the bobbin coil prete to perform nondestructive
examination (NDE) inspections of stern generators has been accepted

|

.
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(%) by the NRC for many years. This type of probe has proven to be
very successful in detecting significant tube flaws. .Use of an
MRPC probe to supplement or verify bobbin coil probe PIs is an
enhancement of presently accepted steam generator inspection
methods, anu has only recently been used by industry. In NRC

Information Notice (IN) 91-67, " Problems With the Reliable
Detection of Intergranular Attack (IGA) of Steam Generator Tubing",
dated October 21, 1991, which focused on TNP, the NRC staff

acknowledged that, "The threshold at which IGA can be detected
reliably with MRPC and bobbin probes is not well understood."
Notwithstanding NRC staff concerns regarding this matter, the NRC
staff has r.ot required, as a generic matter, that licensees use
more sensitive probes (such as the MRPC). PCE, however, has

implemented conservative criteria that take advantage of the
capabilities of the bobbin coil-and MRPC probes.

The MRPC probe has been shown to be effective in distinguishing
ODSCC/ IGA in confirming PIs identified by the bobbin coil probe.

Since it provides an absolute response, the MRPC probe provides
flaw crientation display, and is capable of detecting slight
changts in material conductivity such as the type caused by SCC.
Accordingly, at TNP, this method has become the principle method of
characterizing ODSCC/ IGA as single axial indication (SAI) or-
multiple axial indication (MAI). SAI refers to a single axial flaw
which may be composed of several axial flaws which have grown
together. MA1 refers to a population of axial flaws that do not

| appear predominantly as a single flaw. This method was also~used
! to identify an indication referred to as a "3:1 indication". Axial'

indications reported as 3:1 indications are low level MRFC probe
signals that have amplitudes at or near the system noise level _ such
thet they cannot be unambiguously interpreted.

|

-

.

|
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In addition to ECT of steam generator tubes in situ, a number of
tubec with a range of ECT indications were pulled from the steam
generators for further examination. Metallurgical examinations,
including burst testing, were performed by Asea Brown ;

Boveri/Combuotion Engineering (ABB/CE). The remaining strength of
iflawed tubes was determined by burst testing. The in-situ ECT

results were correlated by measuring flaw depths. Flaw mechanisms

were confirmed by metallographic examination. Description of the
tubes removed for these inspections and the results of these

inspections are discussed in Section IV of this report.

B. Eddy _Cuttrat Testing InsPellinn_AtEnlis

This section discusses the ECT results of the inspections of the
TNP steam generator tubes during the 1991 Ref ueling Outage from the
beginning of the outage on April 15, 1991, through Ncvember 1991.
The planned steam generator tube inspection program was expanded
and revised during the course of the 1991 Refueling Outage.

! Figures IJI-1A and III-1B display the repair sequence and logic
used throughout the 1991 inspection and repair program.

The 1991 Refueling Outage original steam generator inspection scope

included:

1. 100 percent bobbin coil probe examination from the hot leg
tubesheet to the cold leg seventh TSP in all four steam

generators.

2. Cold leg bobbin coil probe examination of 20 percent of the
tubes in Steam Generator A.

i

O
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3. MRFC probe examination of PIs resulting from the bobbin coil
probe examinations using the single-coil MRPC probe.

4. 100 percent MRPC probe examination of the hot leg tubesheet
region using the single-coil MRFC probe.

5. 100 percent MRFC probe examination of Row 2 U-bends using the

single-coil MRPC probe.

ECT of the original steam generator inspection scope was
accomplished in accordance with the Allen Nuclear Associates (ANA)
Procedure, ANA-ET-29 " Interpreters Guidelines", and associated
TNP-specific " Supplemental Analysis Guidelines" Revision 0.
Procedure ANA-ET-29. Revisions 0 through 3 of the associated

guidelines, and emended bobbin coil probe analysis guidelines are
provided as Appenoix 4.

The inspection resulted in 296 tubes requiring repair am a result
of 00 SCC / IGA at the TSP intersections. The inspection results for
these 296 tubes are provided in Appendix 1. This appendix provides

the following information for each tube repaired for ODSCC/ICA at
the TSP intersections: TSP location, bobbin coil probe voltagel,

IVoltage amplitudes given in Appendix 1 are normalized to a 5 V standard on
,

the 20 percent through-wall hole per the ASME Code in accordance with PCE

practice. These voltages must be multiplied by a factor of 0.8 when comparing
to data used by Westinghouse in Appendix 3 and by Failure Analysis Associates,
Incorporated (FaAA) in Appendix 5. since Westinghouse normalizes to a 4 V

standard. Throughout this report, TNP voltage values are represented by VT
and Westinghouse voltage values are represented in parentheses by (V ). They

conversion between TNP voltage values and Westinghouse voltage values is

discussed in Section V.A.3.

O<
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O
bobbin coil probe phase angle, bobbin coil probe call, MRPC probe
voltage, MRPC probe phase angle, MRPC probe call on type of flaw,
and type of repair performed. An additional 38 tubes were
identified as requiring repair f or other defects, including one
with a defective inner diameter sleeve installed in 1990. The
Revision 0 (1991 Refueling Outage original inspection scope) repair
efforts were completed on May 17.

A pulled tube f rom Stcam Generator D. Row 12, Column 8 (D R1208) ,

was sent to ABB/CE for analysis under a joint agreement between PGE
and the Electric Power Research Institute (EPRI). On July 18,
1991, initial results were received from ABB/CE regarding the
analysis of D R12C8. The analysis sP ed IGA and ODSCC at the
first, second, and third TSP intersections, extending a maximum of
92 percent 48 percent, and 55 percent through-wall, respectively.
The ECT of the second and third TSP 'ntersections, prior to the
tube pull, did not identify this degradation as requiring repair'

based on Revision 0 criteria.

Based on the analysis of D_R12CB, discussed in greater detail in
Section IV, it was determined that the bobbin coil probe data from
the four steam generators should be re-examined to identify PIs of
the type of degradation that was observed in D R12C8. The concern

was that flaws of this type were not anticipated in the initial
bobbin coil probe data screening.

| In August, ANA-Issued " Amended Guidelines for Reevaluation of

Spring 1991 Bobbin Data" (tee Appendix 4) to provide more
' conservative criteria for reporting bobbin coil probe PIs.

Additionally, Revision 1'of ANA's " Supplemental Analysis
Guidelines" was issued to provide direction for use of the 3-coil

|

I
,

I
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MRPC probe. Revision 1 was superseded shortly thereafter by
Revision 2, which incorporated minor clarifications.

The ' Amended Guidelines for Reevaluation of Spring 1991 Bobbin

Data" and Revision 2 of " Supplemental Analysis Guidelines" were
used in conjunction with Procedure ANA-ET-29 to re-examine the
bobbin coil probe data obtained when using Revision 0 ECT
criteria. An additional population of bobbin coil probe PIs for
the type of degradation seen in the pulled tube sample was
identified using the new criteria. The additional bobbin coil
probe PIs were examined with the three-coil MRPC probe per
Revision 2 of the " Supplemental Analysis Guidelines".

While this effort was ongoing, inspections (using the three-coil
MRFC probe) of int.ersections without bobbin coil probe PIs were
also being performed. Of 200 such intersections inspected, eight
were identified'as requiring repair. Based on these results, MRPC

probe examinations were conducted or 100 percent of the TSP
intersections from the first through the fifth TSPs, and a

statistical sampling program was conducted at the sixth and the
seventh TSPs. As a result of this conservative multi-method
approach, 1,824 tubes were identified for repair as a result of
ODSCC/ IGA at the TSP intersections based on Revision 2 criteria.
The results of these tube inspections are provided in Appendix 1.
The Revision 2 (August 1991 inspection scope) repair ef forts were

completed on October 24, 1991. One thousand one hundred
ninety-three (1,193) tubes were plugged, and 631 tubes were sleeved.

As a result of the number of tubes identified for repair,

additional tubes were pulled for analysis from Steam Generator C
prior to completion of the Revision 2 repairs. It was anticipated
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that this analysis woulds (1) confi:3 that correct decisions had
been made regarding which tubes required repair, and (2) provide
additional burst test data to support a supplemental tube plugging
acceptance basis and a structural integrity analysis, which would
justify steam generator operability pursuant to TTS.

Two tubes (C R29070 and C R30064) were pulled from Steam

Generator C and sent to ABB/CE for destructive analysis. Each tube

sample included three TSP intersections (first through third
TSPs). The MRFC inspections at the TSP intersections included the

following range of results:..

1. One TSP intersection with SAI, called for repair.

2. Two TSP intersections with MA1, called for repair.

t[ ') 3. Three TSP intersections with 3:1 indications, not called for
s-

o repair.

Metallographic analytical results for the first tube, C R29070, at
the first TSP intersection, which was characterized as having an
SAI requiring repair, showed ODSCC with a maximum of 56 percent
through-wall depth. The second TSP intersecti n, which was
characterized as having MAI requiring repair, showed ODSCC with a
maximum of 76 percent depth. The third TSP intersection, which was
characterized as having a 3:1 indication not requiring repair,
showed ODSCC microflaws with a maximum of 71 percent depth.

.

Metallographic analytical results for the second tube, C R30C64, at
the first TSP intersection, which was characterized as having a 3:1
indication not requiring repair, showed ODSCC microflaws with a

|

1
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maximum depth of 55 percent. The second TSP intersection, which - i

)
was characterized as having MAI requiring repair, showed ODSCC with

'

a maximum depth of 64 percent. The third TCP intersection, which
was characterized as having a 3:1 indication not requiring repair,
showed ODSCC m!croflaws with a maximum depth of 50 pcreent. None i

of the TSP intersections had extensive IGA such as was found at the
TSP intersections of D R12C8.

The IGA reported for C R29070 and C R30C64 involved the very
outside surface of the tubes, was confined within the TSP reg (an,
and was about one to five grain boundaries deep. The degradation
was characterized as microscopic ODSCC flaws with ligaments between

them.

Based on the analysis of C R29070 and C R30064, disc:ssed in

greater detail in Section IV, it was determined that previous MRPC
probe ECT data and MRFC probe raw data should be re-examined to

'

identify tubes with early stages of ODSCC degradation. The concern
i --

f-
was that 3:1 indications not called for repair could have

significant ODSCC/ IGA microflaw depths greater than or equal to
40 percent through-wall.

In October, ANA issued Revision 3 of " Supplemental Analysis
Guidelines", more conservative criteria for determining ODSCC
microflaws as requiring repair. Revisior 3 (November 1991
inspection scope) criteria was used to evaluate TSP intersections
for the hot leg side of all four steam generators up through the
fifth TSPs for sampling at the sixth and seventh TSPs, and for

i-tersections at the sixth and seventh TSPs with a bobbin coit
probe voltage amplitude greater than or equal to 1.0 VT (0.8 V ).y

As a result of this approach, approximately 500 tubes have been
identified thus far for repair due to ODSCC/ICA microflaws at the

!
' TSP intersections. The Revision 3 repair efforts are in progress.

O

,
i
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('~J- Affected tubes are being plugged or sleeved. Additionally, five

more tubes were pulled and n ut to ABB/CE for destructive
analysis. The analysis of these tubes is discussed in Section IV.

In-summary, tubes have been repaired which had degradation
identified for repair by MRPC probe based on Revision 2 of
" Supplemental Analysis Guidelines". Then, to provide additional
conse rvatisio. tubes which had ODSCC/ IGA microflaws identified by

bobbin coil probe PIs with a voltage amplitude greater than or
7 (0.8 V ) and confirmed by MRPC probe based onequal to 1.0 V y

Revision 3 of " Supplemental Analysis Guidelines" are also being
repaired. A summary of the steam generator tube repairs thus far |

1,

| for each steam generator are given in Table III-1, " Preliminary
Status of Steam Generator Tube Repairs for the Trojan Nuclear Plant

1991 Refueling Outage".

/~'h IV. EVALUATION OF PULLED TUBES

C/
A. GeneIallleAr.Iiplion of Degrada110D

Various forms of intergraaular corrosion were observed on the TSP
intersections of tube samples pulled from TNP steam generators.
Intergranular corrosion morphology can vary from IGA to IGSCC to
combinations of the two.

ICA is defined as a three-dimensional localized corrosion
degradation of grain boundaries. The radial dimension of ICA is
relatively constant when viewed from different axial and
circumferential coordinates. IGA can occur in isolated patches,

referred to as " patchy ICA", or as general networks, referred to as-
" general IGA", which may encompass a larger area up to the entire

O.

. - - .



.. .- - - - - - - ~ . - - -- . .

Ravision 0

Trojan Nuclear Plant Document Control Desk
Docket 50-344 December 15, 1991
License NTF-1 Attachment

Page 24 of 79
+ p
b I

tube surface within the concentrating crevice. The growth of IGA |
!is dependent on the local chemical environment as it exists in the

crevice and is relatively independent of the stress in the tube
material.

1

IGSCC is defined as a two-dimensional corrosion degradation of

grain boundaries that is strongly stress dependent. IG!,CC is
,

typically observed in the axial-radial plane h steam generator
tubing, but can occur in the circumferential-radial plane or in
combinations of the two planes. IGSCC can occur as a single,

two-dimensional crack, or it can occur with branches extending irom

the main plane. Both of the IGSCC variations can occur
simultaneously with general or patchy IGA. The IGA component can
occur simply as an IGA base with IGSCC protruding through the IGA
base or the IGSCC plane may have a semi-three-dimensional

characteristic. Based on laboratory corrosion tests, it is
believed that IGSCC protrusions with significant IGA aspects grow
at rates similar to that of IGSCC, as opposed to the slower rates
usually associated with IGA alone. '.ien IGSCC and 10A are both

present, examination shows that the IGSCC grows more rapidly.

The density of flaws can vary from one single macroflaw (usually
composed of microflaws which have grown together) to hundreds of
very short microflaws that have partially linked together to form
an array of microflaws. Note that-in cases where a very high
density of axjC Ilaws (MAI) are present, and where these flaws

surface of the tubeIGA compontate, the oualso have signi <" e

(flaw origin at . ice) may have patches with ti re-dimensional ICA.
Axial overload of the tube (such as occurs during tube pulling) mey

preferentially open up circumferential features on the outer
surface of the tube within the three-dimensional network of IGA.

|

t
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These features are sometimes referred to as circumferential flaws,
even though the axial Ir. SCC in the same TSP intersection is deeper
and is the dominant con' " butor to tube strength degradation.

B. Dis.cus a ictLDLEt t t Luc 11Yt_ Ldaminalicn

Eight steam generator tubes with TSP intersections were ternoved
f rotn TNP Steam Generators V and D durir.g the 1991 Ref ueling

Outage. The tube samples were analyzed by ABB/CE. The results of
the analysis are provided in Report CE-NPSD-706, " Trojan Steam ,

Generator Tubing tisstructive Examination Interim Report",

(Appendix 2). Appendix 2. Table 1-1, " Trojan Tubes Removed for
Destructive Examination in 1991", lists the specific tubes which
were analyzed. With two exceptions, removed TSP intersections were

burst / leak tested. The results of these tests are shown in
Appendix 2, Table 3-1, " burst Test runnary".

O With ths exception of D R12C8, which will be discussed later, burst
tested TSP intersections were sectioned to provide a burst face

,

surface (axial or longitudinal) scanning electron m':roscope
sr.mple, longitudinal metallographic sample near the burst face
surface, and mid-cupport plate transverse metallographic sample.
The axial burst face surface was photographed at a magnification of
either 30 or 40 times actual, and measured to detertnine certain

quantities of metallurgical interest. These measurements are

summarised in Appendix 2 Table 4-1, " Montage Maasurements".

Sections from a typical montage are presented in Appendix 2.

The an4 lyses of longitudinal and transverse metallographic samples
from all eight tules have not yet been completed. Results of these

,

evaluations, which are not expected to alter the conclusion of this
report, will be provided to ICE by ABB/CE. I'or typical conditions
found, the examples taken from the first three tubes are shown in
Appendix 2.

% wwr-r--e-,--w N war'-- -+-"wsme''--"---'r'-v"'r'w*-N'w'9=v'8'-'w-Wwe'ww - wwww r w rw-"e w---g "''*7''miv-W""vyw-'-wv''1"''T -' ''rW *" *"'ND r" --*' ' ' " * """"9'--'N** w'r@---P''''T'
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Actions taken f or the first pulled tube, D R1208, were an exception
to the examination process described above. to this instance, the

first TSP sntersection was subjected to a leak test, but was not

subsequently burst tested. Because it appeared that the tube
section had been damaged in pulling, it was felt that a full burst

test would not be the best use of the mater''1. Instead, the

degraded TSP intersection of the tube war g ated by pulling
axially on a tenslie machine, allowing examination of the na!tre of
the degradation in the resulting circuuferential fracture surface.
Scanning electron microscope and estallographic examination found
ICA and ODSCC. The maximum dep*.h of general ICA was 43 percent

through-wall. Intergranular penetration of 92 percent also was
ob se rved. Tha average flaw depth over this TSP intersection was

38 percent.

The second TSP intersection was examined by metallography without!

burst or tensile f racturina. The maximum depth of intergranular
i penetrat r.o was found to be 48 percent, with the maximum depth of.

general ICA at approximately 27 percent.

The third TSP intersection was subjected to a burst test, the
results of which are shown in Appendix 2. Table 3-1. Poth general

and patchy ICA of up to '43 percent through-wall depth and discrete
ODSCC vere observed in dif f erent are of this TSP intersection.

TSP intersections from subsequent tubes (except for C R12070. TSP

|- Intersection 2) were burst tested and examined se described
earlier. These TSP intersections sometimes exhibited small patches

| of ICA in addition to ODSCO. The ODSCC degradation was the

If miting flaw with re,,pect to the burst pressyre end the structural
strength of the tube section.

O
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:

Observations made on the t-st results obtained to date are as
follows:

1. Burst strengths are usually close to that of a nnndegraded |

tube. Turthennore, where comparisons (D R12C8, TSP

Intersection 3 and C R29070. TSP Intersection 14 0 R30C64 TSP
Intersection 1 and TSP Intersection 2) could be made among
ODSCC flaws of comparable depths, the burst strengths appear to
be unaffected by associated IGA of up to 33 percent.

2. The number of axial flaws around the circumference of the tube )
,.

varies considerably from one TSP intersection to another. This I

does not appear to be an important f actor in detertnining the
burst pressure. Burst pressure is directly associated with the ,

depth, length, and relative orientation of the ODSCC flaws
which exist at the burst location. This lack of sensitivity to
the number of axial flaws suggests that the deepest and longest
flaw detennines the strength of that tube.

3. The variation in the number of flaws also suggests that the
chemical conditions for degradation may be localised in a
relatively small circumferential are of a tube-to-TSP
intersection crevice, or may extend uniformly around the tube.
The number of axial indications apparently have little effect
on the burst strength, as noted above.

4. The natura of the degradation seen at the first and second TSP
intersections of D R12CB suggssted that the mode of degradation

was general and patchy 1GA narrowing to intergra:.nlar
peretratians as the stress level increased in the thinning ,

wall. This type of degradation also was observed in certain

O

|

,. - . - , _ . , _ _ _ _. ..- _ . __ _ _ _ _ _ . . . . . _ . . . _ _ _ _ _ . . _ . ,



Revision 0

Trojen Nuclear riant Document control Desk I

Docket 50-344 D2 comber 15, 1991
1,1 cense NPT-1 Attachment |

Page 28 of 79 I

regions of the third TSP intersection. However, the third TSP
,

also contained discrete ODSCC, with no associated.16A.

This finding is consistent with an alternative hypothesis that
the initial penetration was by ODSCC, whleh is norina11y a more

rapidly propagating snode of attack. When the tube was removed
irom service, the tensile hoop stress was elianinated and the '

chemical concentrating inechanism was greatly dimirds,hed. This

could place the region in a chemical potential environment ;

where 1GA could propagate and broaden the existing ODSCC to the

point where it appeared to be ICA penetrations. Significant

general 1GA has not been observed in tubes in continuous
service at TNP. but patchy 10A has been observed.

5. Usually, the length of the intergranular burst ' law is less
than the thickness of the TSP. In some instances, however,

this length exceeds the thickness of the TSP. This should be
clearly differentiated from the total burst lengths which do
excnid the TSP thickness. This latter burst length includes a
substantial amount of ductile tearing when the tube was burst.

The reported measurements of the intergranular burst flaw
length are (because of specirnen geometry, axial strain f rom
pulling, and other f actors) conservative upper bound
sneasurements of the actual length. However, even if these *

could be and were corrected, some intergranular .urst flaws
extended slight)y beyond the nominal thickuear of a TSP.

6. Burst testa demonstrated that notwithstanding tube flaws, NRC
RG 1.121 is satisfied since burst test pressures have exceeded 4

the maximum differential pressure for a steam line break

(AP gy) of 2,260 psi and three times' differential pressure forg

normal operating conditions (3APNO) of 4.275 pr.i at TNP.
|

O
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C. Enviren:DentaLCenditicus .Af f ec Ling _Ptgradatien

In order to postulate the behavior of flaws in the future (i.e., I

propagation or development of new flaws), conditions that could
affect these processes need to be understood. ODSCC/1GA of

Alloy 600 steam generator tubes is a phenomenon that has enly
recently been f ound at THP in the low-flow region of the
tube-to-TSP intersection crevices. Results of laboratory studice
and the examination of tubes suggest that ODSCC/lGA is due to
caustic-induced attack at the grain boundaries.
TPRI Repert NP-5368, " Mechanisms for formation and Disruption of
Surf ace Oxides", dated August 1987, provides support f or the

hypothesis that caustic-induced flawe are usually characterleed by
a low level or absence of chromium in the first oxide inyer along

the tracture surface of the flaw. This is based on the
preferential dissolution of chromium relative to nickel in an
alkaline environment. 't h a s , the surface oxide of a nickel-chromium

alloy will show relative nickel enrichment under alkaline attack.
lFieliminary Auger analysis shows that the initial oxide layer in a

finw in Tube C R29C70 is relatively chromium depleted along the

length of the flaw with the presence of potassium and boron in the
corrosion film. This arrangement suggests that the flaws at the
TSP intersections were produced under caustic conditions. Auger
analysis at ilaw locations in other TSP intersections also suggests
an alkaline-to-neutral environment, llowever, Auger work is still

underway, and studies are continuing to resolve the cause of the
flaws. These results will be taken into consideration in
determining what, if any, changes to the secondary witer chemistry

IAuger analysis is an atomic-level surface examination.

O
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are required. PGE will inform the NRC of significant water

chemistry changes should they occur, and the effect of those
changes, if any, on the conclusions of this report.

i

The chemical environment in the tube-to-TSP intersection crevice is
different than the bulk water chemistry as a result of the
concentrating rnechanism in the crevice region. The concentrating

mechanism is the restriction of flow in the tube-to-TSP
intersection gap and the transfer of heat from the steam generator
tube. The flow is restricted where the tube comes into contact
with the TSP and when the tube-to-TSP intsraection gap is reduced

by the oxidation of the c6tbon steel TSP materint and accumulation
rof deposits,

Thus, the local chemical environment is determined by the
concentrating mechanisms inherent in the design and by the bulk
water chemistry in the steam generator. EPR1 guidelines on bulk

water chemistry, which have been followed at TNP, specify low
limits on sodium, chloride, and other impurities. These limits are
so low that consideration of the ratios of sodium and similar
species to chloride were previously thought unimportant. Ilowever,
it is now recognised that these ratios can be important in
determining the chemical environment in the tube-to-TSP
intersection crevices. For purposes of this report, consideration
of the bulk water chemistry will focus on the sodium-to-chloride
ratio in the steam generator blowdown. The sodium and chloride
species and the molar ratio were selected for the analysis because:

1. Sodium is normally associated with the development of these

flaws under alkaline conditions.

l

O
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O
2. Chloride is the dominant acidic species in solution.

3. Sodium and chlorido are dominant species in prompt hideout-
return (which suggests that these species are associated with ,

one another in the crevice region).

4 MtfLTEQ (ETRI crevice chemistry computer code) results generally

predict that because of high solubility and low volatility,
sodium and chloride are generally the dominant species in the
concentrated crevice chemistty solutfou.

f

5, A high sodium-to-chloride ratio (greater than 1) indicates the
development of alkaline crevice chemistry conditions.

Sodium-to-chloride molar ratios are graphically presented for

Operating Cycles 7 through 13 in Appendix 6. Operating Cycle 7

covers the period irom September 1984 through May 1985. During
this interval, the sodium-to-chloride ratio averaged 0.63
Indicating that acidic conditions probably existed in the crevice
region.

During Operating Cycle 8 (July 1985 through April 1986), repsated
episodes of low level primary-to-secondary leakage were noted. The
sodium-to-chloride ratio for unexplainable reasons increased to an
average value of 1.58, in the alkaline range. In January 1986, a

temporary demineraliter was installed on the steam generator-
blowdown and may have caused a slight increase in the-sodium-to-

'

chloride ratio from January to March 1986

Three tubes were removed from Steam Generator C during the

1986 Refueling Outage. The destructive examination of these tubes.

'

:

i
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as referenced in EPRI Report NP-6362-SD, "P.xamination of Pits in

Trojan Nuclear Plant Steam Generator Tubes", dated May 1989,
revealed numernus pits. Chemica' analyses of the corrosion
products and surface oxides gave results consistent with the acid
crevice chemistry environment predicted by the sodium-to-chloride
molar ratio prior to Operating Cycle 8.

One of the tubes, C R25C58, extended through the first TSP
-intersection. Archive samples of the TSP intersection were

re-examined in October 1991. ICA and/or ODSCC was not identified

in this sample, which suggests that IGA and/or ODSCC probably

initiated after June 1986.

Hideout-retur1n is a phenomenon in which chemical species typically

located in crevlees come out of and returm (redissolve) into the
bulk steam generator water. Hideout-retusn studies were conducted
in April 1986 at the completion of Operating Cycle 8. The details

are referenced in EPRI Report NP-6455, " Field Studies on

Intergranular Attack", dated August 1989. The soditn-to-chloride
weight ratios in the prompt hideout-return ranged from 1.5 to 3.0,
with considerable variation between steam generators. Crevice
hideout-return tests referenced in EPRI Report NP-4678, " Crevice
Hideout Return Testing", dated July 1986, indicate that prompt
hideout-return sodium-to-chloride weight ratic s of 1.5 to 3.0 are

not unusual.

Plant conditions during Operating Cycle 9 (June 1986 through
April 1987) returned to a more typical historie pattern with a
sodium-to-chloride molar ratio averaging 0.77 in the steam

generator blowdown. A new titanium condenser was installed during
the 1987 Refueling Outage to reduce the likelihood of introducing
contaminants from condenser in-leakage.

O
.
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f..

Westinghouse Report, " Trojan - Review of Secondary System Chemistry
1987/1988", transmitted to FCE by Letter POR-89-648, dated
December 15, 1989, reviews secondary chemistry conditions at TNP

during 1987 and 1988, and specifically focuses on hideout-return
results obtained in April 1987 and April 1988. This analysis
indicated an excess of sodium species with respect to anionic ,

I

species in an approximate range of 3 t.o 45 ppb over the first j

23 hours of the hideout-return period.

Water chemistry conditions during Operating Cycle 10 (August 1987
through April 1983) were largely influenced by changes in Plant

.,

configuration and operation. Steam generator pH was increased from
approximately 8.5 to approximately 9.2 in December 1987, and, in
February 1988, the condensate polishers were removed from service

in preparation for conversion to a high-pil morpholine secondary
chemistry program. Over the remaining part of the operating cycle,
the sodium-to-chloride ratio increased quite dramatically, largely

as a result of a reduction in Lulk water chloride content i

associated with the re.aoval of the polishers.

From Operating Cycle 1 through a significant portion of Operating
Cycle 10, the secondary water chemistry appears to have been
controlled by operc .s of the condensute polishers. These
polishers are capable of removing approximately 80 percent of the
influent sodium and up to 50 percent of the chloride, as referenced
in EPRI Report NP-3037, " Condensate Polishing at Surry Nuclear
Power Station", dated June 1983. Thus, the polishers tend to bias

the polisher effluent stream toward a chloride-rich condition. In

a separate study dated March 15, 1989, a nationally recognized
expert Dr. Sallie Fisher, performed tests of different resin
ratios of powdered resin. Tests with cation-to-anion resin ratios

u),

e
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O
ranging irom 1.0 to 3.3 produced a combined elfluent having an
approximate sodium-to-chloride molar ratio of 0.77. From Operating

Cycles 2 through 7 and also during Operating Cycle 9. average
sodium-to-chloride molar ration in the steam generators were less

than 0.72. This suggests that the characteristics of the powdex

resin established the sodium-to-chloride ratio in the bulk water
during this interval.

Westinghouse Report POR-89-648, which was referenced earlier, also

provides additional information on prompt hideout-return in
December 1987 and again at the end of Operating cycle 10 (E00-10).
The December 1987__ hideout-return appears to be acidic, based on

negative values of excess sodium. The corresponding hideout at the
eno of Operating Cycle 10, again expressed as excess sodium, varied
from 1.9 ppb to 17.1 ppb, suggesting neutral to slightly alkaline
conditions in the crevice region.

A new steam generator blowdown system was installed during the
19b8 Refueling Outage, significantly increasing blowdown capacity.
This cystem incorporated deep bed demineralizers to treat the
blowdown, and had the efieet of reducing the concentration of

sodium and chloride. Associated with this reduction in
concentrntion levels was an increase in the sodium-to-chloride
ratio during Operriting Cycle 11 (July 1988 through April 1989) to
an average value of 3.14. Morpholine injection was started in
Sepember 1988 af ter the polishers were taken out of service.
Occasional condenser in-leakage required periodic use of the
condensate polishers to control impurities in the steam generator
blowdown.

!

|

O
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.m

. Westinghouse analyzed the hideout-return data from April 1989 based
on a sodium plus potassium-to-chloride equivalency concentration
ratio in the prompt hideout-return. Westinghouse believes that at
hot standby, the ratios of nonprecipitating cations-to-anions
provides a g.iod indication of the relative alkalinity of crevice
solutions during power operation. Based on the Westinghouse
analysis, the alkaline equivalency ratio varied from 7 to 9 across
the four generators. A vslue of one for this ratio indicates a
neutral crevice solution. The above equivalency ratios indicate
significant accumulation of alkaline species in crevices in the
steam generator during power operation. A considerable number of
tubes were plugged during the 1989 Refueling OutaBe due to

ODSCC/1GA at the TSP intersections. These tubes were the first
tubes taken out of service because of ODSCC/1GA.

During Operating Cycle 12 operation (August 1989 through

/''T March 1990), sodium-to-chloride molar ratios increased to an
b average value of 6.21 while the average concentration of sodium and

chloride in the bulk water decreased to 2.6 and 1.25 ppb,

respectively. (Note: The above numbers were computed on a daily

basis and averaged over the length of the cycle.)

Adams and Hobart, under contract to FGE, conducted an extensive

sampling program in October 1989, to essess secondary water
chemistry conditions at TNP. Their report, " Process Analysis at
the Trojan Nuclear Power Plant", dated June 1990, recommended the
use of an aggressive boric acid program with crevice flushing and
on-line boric acid addition and continuing use of morpholine-boric
acid all volatile treatment (AVT) chemistry, which were accepted

and implemented by TNP.

O):
V

_ _ _ _ _ _ - - - _ - - - _ _ _ _ _ _ _ _ _ - - _ _ - _ _ _ _ _ - _ _ _ _ _ _ _ _ - - - - _ _ _ _ _ _ _ _ .



_. ._ _ _ ____ __ _ _ ___ _ _ ___ . _ _.. _ ._ . _ _ .m _ _ _ _ . _ _ _ _ _ _ - _ _ .

Revision 0

Tro hn Nuclear Plant Document Control Desk
Docket 50-344 Deesmber 15, 1991
License HPF-1 Attachment

Page 36 of 79

Adams and Hobart also reported sodium and chloride concentrations
from which PCE calculated a molar ratio of approximately 3.8 in the
steam generators, corroborating TNP analytical chemistry results. !

The importance of this specific parameter (sodium-to-chloride ratio
in the bulk water) as an indication of caustic crevice chemistry
conditions in the steam generator was not addressed by Adares and

11obart and was not generally recognized by the industry as

significant.
|

|

In March 1990, hideout-return results were again obtained and

analyred by Westinghouse. Based on sodium plus
potassium-to-chloride equivalency concentration ration,
hideout-return ratios varied from 9.1 to 22.1. These ratios

ir.dicate a significant accumulation of caustic species in the
crevice region during Operating Cycle 12 operation. Eddy current
inspection activity during the 1990 Refueling Outage identified a
significant number of odditional tubes with ODSCC/ IGA at the TSP
intersections that required plugging.

Operating Cycle 13 operation (July 1990 through March 1991)
commenced with a relatively high sodium-to-chloride molar ratio in
the steam generators, followed by periods when the instrumentation
was unresponsive. During these periods, the average individual
values of sodium and chloride decreased below the effective
detection limit of the TNP analytical chemistry equipment.
Consequently, the analytical parameters for these species during
Operating Cycle 13 do not appear to be useful indicators of the
bulk water chemistry. Hideout-return results exhibited very low
contaminant concentrations compared to previous hideout-return

episodes. Although the ratios of scdium-to-chloride were still
high at hot standby, the concentrations were low with the maximum

O

- . . _ __ _ _. .
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reported sodium concentration of 7 to 12 ppb and maximum chloride

of 2 ppb. The presence of caustic conditions in the crevices is
consistent with the development of ODSCC/1CA in the tube-to-TSP

intersection regions.

In summary, ODSCC/1GA has occurred even though hyperpure water

chemistry has been achieved at THP. Prior to Operating Cycle 8,
the secondary water chemistry was such that acidic conditions
probably existed in crevices and/or other regions where
concentrating mechanisms operate. Since 1983, several actions were

implemented to reduce the concentration of impurities and to meet
increasingly stringent guidelines on water chemistry. These
actions included the purchase of low chloride anion resin to reduce
chloride concentrationi removal of copper alloy feedwater
cornponents to reduce copper deposition in the steam generators;

installation of a condenser with titanium tubes to reduce the
likelihood of in-leakage; and inntallation of a higher capacity
steam generator blowdown system with deep bed demineralizers to

irnprove the removal of contaminants. In spite of these

irnprovemt.nts, since 1988 (Operatin.1 Cycle 10), the secononry bulk
water sodium-to-chloride molar ratio has been significantly greater
than one, such that the crevices are in an alkaline (caustic)

Recent studies of chemical hideout-return phenomena basedrange.

on sodium plus potassium-to-chloride equivalency ration greater
than one indicate caustic conditions have existed in the crevices.
In the chemical environment of the tube-to-TSP intersection
crevices, Alloy 600 may experience ODSCC/ICA.

O

.
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O
V. ACCEPTABILITY OF TilBES REMAINING IN SERVICE

A. hojchtdlnd_cLDgethlnc Cytit Condition

1. lukts it[t in Servist

The following summarizes the inspection and tube repaira.
basis used for the TNP 1991 Refueling Outage steam

generator tube inspection for potential flaws at the TSP
intersections:

1) Inspections

(a) 100 percent bobbin coil probe inspection of hot
leg tubes from the hot leg side tubesheet through
the cold leg side seventh TSP intersection.

(b) 100 percent MRPC inspection of hot leg TSP
intersections up through the fifth TSP and of
bobbin coil probe Pls.

(c) MRFC probe inspection of a sample of hot leg sixth
and seventh TSP interecetiens and of hot leg sixth,

and seventl. TSP hot leg intersections with bobbin
coil probe voltage greater than 1.0 VT (0.8 V ).g

2) Tube Repair Basis:

The objective of the tube repair methodology is to
satisfy the structural integrity requirements of
TTS 4.4.5.4, "Eteam Cenerators. Acceptance Criteria".
This is accomplished by the followings

i

O

l
'

-- . . ._, ,__. - _ __ - - _ - - - - _ , - . - _ - _ _ .



_ - _ - . . .---.- -_-

Rsvision 0

Trojen Nuclear Plant Document Control Desk
Docket 50-344 December 15, 1991

bicense NPF-1 Attachment
Page 39 of 79

(a) Repairing all bobbin coil probe Pls if coniirmed
as MAI or SA1 by MRPC probe inspection having

amplitudes above the noise level.

(b) Repairing all tubes with MRPC probe indications
having amplitudes above the noise level than can
be most likely associated with tube degradation.
These repairs were made for any associated bobbin

coil probe voltage and also for MRFC probe
indication, not identified by bobbin coil probe

Th!s repair practice is consistentinspection .
,,

with recent industry practice and EPR1 guidelines
for satisfying technical specification
requirements for tube plugging. The nearly
100 percent MRPC probe inspection is more
extensive than industry practice. ,

O (c) Repairing all tubes having MRPC probe 3 1
indications with associated bobbin coil probe

T (0.8 V ) or greater. Thisindications of 1.0 V y

represents a conservative repair guideline for the
3:1 indications.

2. 6110xanctJmJetradation

Degradation of the OD of some TNP steam generator tubes at the
TSP intersections has been observed due to the f ortnation,

growth in depth, length, and gradual linking togethe. of
ODSCC/1GA microflaws to form SAI and/or MA1.

; O
.
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O f.xtensive burst testing (21 T8P intersections from 8 pulled
tubec) has shown that the degradation of tube integrity is
related to both the overall depth and length, and the details

,

of the ligasc t array which bridges across the microflaw arraya
7

forming the indication (SA1 MA!). The degradation and its

growth is characterized from the eddy current inspection
results in the TSP intersection regions of the Trojan steam
generators. Specifically, bobbin coil probe voltage is used to
estimate the effective degradation due to CDSCC/1GA.

Gubsequent to the discovery of ODSCC/1CA, further analysis of ;

the eddy current data from the last-three Trojan inspections
(1989,1990, and 1991) ~as perf onned for the purpose of
determining the growt. ates of flaw depths and voltage
amplitude. Westinghouse Report WCAP 13129. " Trojan Nuclear
Plant Steam Generator Tube Repair Criteria for Indications at
Tube Support Plates", dated December 1991 (Appendix 3)
Table 5.3, " Voltage and Crowth in Indicated Depth Analysis of
1991 Possible Indications", prosides the results of the
inservice inspection analysis.

One thousand three hundred twenty-nine (1,329) Pts with OD

phase angle responses were noted in 1991. T9e average bobbin

voltage amplitude for th;se indications is 0.89 VT (0.71 V ).g

These 1,329 indications were traced back to the 1990
inspection. It appears from the 1990 bobbin coil probe data
that there was evidence of 806 indications in 1990. The
average amplitude at that time was 0.68 VT (0.54 Vg).
Five hundred sixty-one (561) of the 806 signals could be traced
back to 1989. The average amplitude at that time was 0.60 V7

(0.48 Vg). Comparisons made in Appendix 3. Table 5.5, " Trojan

O

:
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O Bobbin Coil Voltage Growth Rates f or Indications with OD l'hase

Angles in Consecutive Inspections", and in Appendix 5. Table 1'

" Growth of Bobbin Voltage Per Cycle", and Table 2. " Growth of

Bobbin Voltage Per Cycle", show that the voltage growth rates
per cycle are relatively independent of the specific population
of OD PIs analyred. Although there is substantial variance in
apparent voltage growth, Appendix 5 Table 2 shows
MRPC-confirmed OD Tis indicate similar average voltage growth

rates and similar differences between the generators.

Appendix 5. Table 1 summarires the bobbin coil probe voltage
growth obraerved in each of the f our steam generators as *< ell as
the average of all four generators in Operating Cycles 12
(1989-1990), 13 (1990-1991) and the total of 1989-1991. The
average voltage growth for the 806 indications present in the
steam generators at beginning of Operating Cycle 13 (B00-13) in
1990 and at EOC-13 in 1991 va. 0.24 VT (0.188 Vy). The average

voltage gr ~'h rate van lower in 1989-1990 [(0.10 VT

(0.078 V )] than in 1989 1991 [(0.17 VT (0.134 Vw)). Theg

average voltage growth rate was lartrest for Steam Generator D

(0.28 V7 (0.225 Vw) ' er cycle f or 1939-1991).p

As is discussed in Section IV.C. thc larger voltage growth
experienced during Operating Cycle 13, compared to during
Operating Cycle 12, is consistent with a continuing increase in
tube-to-TSP intersection crevice alkalinity. The plan for
Operating Cycle 14 to address obtaining a near-neutral crevice
chemistry, while snaintaining high water purity, makes Operating
Cycle 13 voltage growth rates conservative for use in
projecting EOC-14 voltages.

O-

;
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Detailed statistical analysis of the voltage 4rowth was
perfortoed to partition the variance due to the true voltage
growth from that due to measurement uncertainty (error). The
method-of-moments was used to solve for shape of several
dif f erent for1ns used to represent the statistical distributions
of the true voltage growth and the measurement uncertainty
(error). Appendix 5. Figure 1, "flistogram of Observed and
Modeled Voltage Crowths", shows the observed and modeled
distribution increments using the ganna distribution f or true
voltage growth and two dif f erent fortna f or the measurement
uncertainty distribution. Referring to Appendix 5. Figure 2,
" Cumulative Probability Distribution of Observed and Modeled

Volta p crowths", the fit of either distribution was excellent
and mbles accurate tradeling of the observed voltage growth
distribution and the true voltage growth. Referring to
Appendix 3. Table 5.6, " comparison of Measured Data and
Statistical Model", or Appendix 5 Figure 1, it is shown that

\.
most indications will grow at a tate near the tree voltage
growth average of 0.24 V7 (0.188 Vg) per operating cycle, but
that some small percentage of indications r.how higher voltage
growth. Appendix 5. Table 4 " Critical Values from the
Estiinate of the Distribution of True Voltage Crowth ', and
Figure 3. " Estimated Probability Density Function of True
Voltage Crowth", provide more detailed characteristics of the
voltage growth distribution.

l Plugging of the steam generator tubes to the analyzed limit of
J

20 percent results in a projected increase in reactor outletl-
|

coolant temperature from 616.8'F to 619'F. The increase in

temperature will increase the rate of degradation and the
associated rate of increase in bobbin cofi probe voltage. The

|

t

U
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increase in the average gros th rate of ODSCC is 10.3 percent
for a 2.2'T increase in reactor outlet coolant temperature.
*ihe increase in the average growth rate for ICA is

i 4.9 percent. To be ceasetrative, PCE has assumed the followings

The tentperature at the toection ni degradation isa.

conservatively assumed to inetease 2.2*F without crediting
a decrease in steam generator water temperature.

b. The increase in growth rate as a result of the 2.2 'T
increase in reactor outlet coolant temperature is

15 percent.

The 15 percent increase is conservatively applied in thec.
,

total veltu e including the BOC condition, NDE ui.aertainty,
and growth rate.

O
3. ECLUC A A uf CGCnkl'HCCli AlGly

As part of the rate of degradation characterization, a
statistical analysis was perf or1ned to determine the proportion
of the observed voltage eigur.1 varia'sility attributable to the
true rate of degradation and that r.ttributable to measurenent
uncertainty. Discussion of this t.nalysis is provided in
Appendix 5, Section 3.3, " Statistical Analyses of True Voltage
and Depth Growth". Fifty-one pe" cent of the total variance in
the observed voltage growth is due to true voltage growth rate,

,

and 49 percent of the total variance in the observed voltage -

growth rate is due to neasut er.ent uncertainty. For example,
<

the NDE calibration standard can be used to set the level for
the 400 kilt signal or f or the level f or the mixed (100/400 kitr)

: O

,
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signal. Therefore, a comparison of absolute values and changes
in voltage amplitude by different organisations must consider
also, the specific procedure tsed to calibrate the ECT system.

I
Besides the 0.8 adjustment for the differena in the TNP and
Westinghouse ECT system voltage settir.gs, cross calibration
using the same standard showed tb:st TNP voltage measurement s
should be reduced an additional 15 percent f or compulson to |
Westinghouse data as fo110w',1 |

Vy = 0.8 VT x (1 - 0.15).

'

Ilowever. consider'.ng the assumption regarding the increase in
flaw average greith rate due to the increase in reactor outlet
coolant tempereture described in Section V.A.2, TNP voltage
measurements are increased an additional 15 nercent when using

the leak rate and burst correlations developed by

Westinghouse. Therefore, the conversion from TNP vol age
values to We stinghouse voltage values remains 0.8 as '.ollows:

Vw=08V7 x (1 - 0.15) x (1 + 0.15)
Y / .8 V/ T

Wear on the probe will_also affect voltage measurement due to
the lopact on centering in the tube and wobbic of the probe.
Finally, some difference in reading may result between
different analysts as a result of interpretation of the
proceosres to specific ECT signals.

Adjacent-structure: and artifacts can also result in ECT
signals which are not reisted to flaws or degradation. Carbon
steel TSPs result in ECT signa 16 from a single frequency probe

.

O
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NJ
which effectively masked signals from degradation of steam
generator tubes in the region of the TSP. The masking of
signals from the axial flau has been Inrgely eliminated by the
use of trulti-f requency mixes to elimina'e the TSP signal. An
artifact which can affeet the ECT signal !s copper deposits.
FGE uses an MRPC probe which is more sensitive to shorter flaws
and can distinguish flaws from surface artifacts.

Finally, the ECT signal is sensitive to the vol une of material
removed and to resultant conductivity change (connection

paths). Theref ore, short snicroflaws can penetra*.e to a much
,,

greater depth than other flaws before the ECT signal becomes
greater than the noise level. Furthermore, the ptesence of

ligaments between adjacent enteroflaws can also sigt.ificantly
reduce the ECT signal. Therefore, ECT using the bobbin coil
probe cannot reliably characterize the maxirnum depth of shnrt
rnicroflaws characteristic of ODSCC/1GA. However, base d on

structural (burst) tests reported elsewhere in this report, the
ECT voltage amplitude provides a rocast.re of the str setural
integrity degredation. The above uncertainties are
conservatively treated in assuring tube integrity.

4. hojected E00-14 BobthLY21.1Agt

To establish tube integrity for Operating Cycle 14 the largest
bobbin coil probe voltage at the E00-14 is estimated based on
the largest bobbin coil probe voltage amplitude left in service
plus an estimate of the voltage uncertainty and the increase in
voltage during the cycle.

O
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O
The maximum projected EOC-14 bobbin voltage amplitude is

estimated as follows:

EOC BOC

Vgg = V , +' AV + AVg ppg g

Wheret

EOC
V " " "# ' '

Max

B00

V ,x = Madmum vohage amphe leit in serdce C-Mg

= 1.0 VT (0.80 Vg)

AVggg = Uncertainty in measurement of voltage amplitude
Iattributable to calibration , probe wear, and analyst.

* #
14DE-analyst liDE-probe

= 1.0 VT (0.80 Vg) / (0.15)Z + (0.20)2

= 0.25 VT (0.20 Vy)

AV = Increase in voltage amplitude
C

= 0.24 VT (0.19 Vy)

The average growth rate is used klong with the variations as argin
and uncertainty in the other Leset,.

ICross calibration shows a 15 percent constant factor between Troian voltage
values and Westinghouse voltage valuest therefore, AVNDE-calibration = 0.

,

O
'
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Based on the previm - development, the proje.cted end of cycle voltage

amplitude ist

E00-14
V = 1.0 VT (0.8 Vy) + 0.25 VT (0.20 Vg) + 0.24 VT (0.19 Vy)

= 1.49 V7 (1.19 Vg) (at average voltage growth)

Furthermore, calculations of E00-14 voltage at 95 percent,
99 percent and 99.9 percent cumulative probabilities on voltage

II'77 Y )'growth show projected E00-14 voltages of 2.21 VT W
,

T (2*II Y )' T'8P'CIIY*I '2.74 VT (2.19 Vy), and 3.46 V W Y

In summary, the projected E00-14 voltage of 1.49 VT (I'I9 Y )W
is s.ignificantly less than the voltage amplitude of 8.0 VT (6.4
Vy) f or tube burst at 361'po and the voltage amplitude of
36.0 VT (29.0 Vy) f or tube burst at SLB conditions, evaluated
ai the lower 95 percent confidence limit.

B. lubt_Intetthy

<

1. Crue11a

Steam generator tubes with through-wall flaws should maintain
" leakage integrity" and are acceptable for continued operation
if the extent of the flaws meets the following NRC RG 1.121

criteria

Tubes are demonstrated to maintain a factor of safoty ofa.

greater than 3.0 against f ailure (burst) under norsal
operating pressure differential.

b. Tubes are demonstrated to maintain adequate margin

against tube failure under postulated combined accident
condition loadings and the loadings required to initiate
propagation of the largest longi *.udinal flaw resulting in
tube rupture.

|

|~ - -- - -- - - - _ _ _ _ _ , . _ _ _ _ _
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The leakage rate determined for the largest permissiblec.
flaw should be less than the leakage rate limit specifled
by the plant technical specification.

,

2. Arttoach

Ivo independent evaluatioos of the potential for burst were
performed by Vestinghouse and documented in Appendix 3. The

evaluations include (1) assessment utilizing correlations
between bobbin coil voltage and burst pressure to demonstrate
margins against burst without considering the constraint of the
TSP and (2) analyses to demonstrate that the TSP does not

displace even during the SLB accident condition. The

conclusien of thest tube integrity evaluations is that the tube
burst criteria defined by NRC RG 1.121 have been met for Trojan

for Operating Cycle 14 operation, without considering the
courtraint of the TSP. The criteria are satisfied by a wide
margin considering that the TSI's are not displaced during
operation and the TSPs are unlikely to be displaced during

accident conditions.

The approach applied to demonstrate Trojan tube integrity
utilizing the bobbin coil voltage amplitude to bus st pressure
correlation was accomplished by the following evaluation steps:

a) Demonstrate the applicability of voltage / burst correlation
to Trojan tube degradation at TSPs.

b) Establish the upper bound voltage amplitude Icf t in service.

c) Define voltage amplitude growth rates from Trojan operating
experience.

O

. __ - ... . . _ - - - - - - . -
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O d) Define NDE uncertainty for voltage amplitude.

e) Conservatively estimate the bobbin voltage amplitude at
E00-14 from Steps b through d.

f) Compare E00-14 projected voltage amplitude irom Step e with
values for burst at 34PN0 from Step a,

l

!g) Estimate the pesbability of tube burst at SLB conditions
f or the bounding volh ge amplitude lef t in service.

h) Estimate the potential SLB leakage at E00-14 for
indications left in service utilizing a correlation for

leakage with bobbin voltagt.

NRC RG 1.121 describes a method acceptable to the NRC staff for
establishing the required integrity margin beyond which a

defective tube shall be removed from service. For degraded

steam generator tuber, plugging criteria have been developed by
licensees on a case-by-case basis, using analyses and tests to

establish the maximum tube flaw that can be tolerated while
still maintaining tube integrity. The degree of allowable
degradation may differ depending on the type of flaw. Because

of the nature of ODSCC/ IGA (i.e.. microscopic), short but deep
microflaws may be present and undetected, yet the tube will
remain serviceable. Serviceability has been verified by using
the projected E00-14 bobbin coil p obe voltage in a bobbin coil
probe voltage to burst strength correlation based on pressure
burst tests of tube samples pulled f rom INP steam generators.

,

. - . . - _ _ . _ D
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O
3. Tube Integrity Based on Bobbin Voltage to j

f urs.LConclati on_(he e._S nnle de l ) j

The burst pressure test results and bobbin coil voltages on ,

tubing f rom DJP with ODSCC/1GA flaws were combined with other
industry data to develop a voltage / burst strength correlation
and the associated 95 percent lower prediction. The trend of
TNP data fits well with the other industry data demonstrating
an excellent correlation between bobbin voltage and burst

pressure. The correlation was adjusted to account f or
tamperature effects and the lower tolerance limit for material
properties. The correlation is shown in Appendix 3
Figure B-2, " Burst Pressure Versus Bobbin Voltage (7/8 x 0.050
Inch Tubing)", to be applicable to V4P f or tubes with ODSCC/ IGA.

Only two of the sample TSP intersections from TNT include
significant IGA (maximum of percent depth). Therefore, the

voltage / burst strength correlation was confirmed for uniform
1GA by burst test of laboratory specimens with uniform 1GA of
9 percent, 36 percent, 52 percent, and $8 percent depth. The

test results were at or near the mean fit to Appendix 3

Figure 8-2 data. Therefore,-the correlation is a reasonable
basis from which to assess tube integrity at Trojan for

ODSCC/1GA.

The maximum projected E00-14 bobbin coil probe voltage fa-

T (3'9 Y ) with a probability ofprojected to be 4.9 V W

approximately 1 x 10~4 The conservativo projection exceeds

the 4.5 VT _(3.6 Vg) indication found in 1991. The probability
for one tube at 1.9 V7 (1.5 Vg) at P00-14 to bvrst at SLB
conditions is approximately 5 x 10-8 A total of approximately
680 311 indications are being left in service with an assumed

O
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bobbin coil probe voltage of 1.9 V7 (1.5 Vy), to estiinate the
net prolability of burst at SLB conditions of 3.4 x 10-5 The

assumed level of 1.9 VT (1.5 Vy) is greater than the inspection
criteria of 1.0 V7 (0.8 Vy) with an allowance for uncertainty
and voltage, including the effect of a 2.2'F increase in
reactor outlet coolant temperature, due to plugging of steam

generator tubes to the analyzed limit of 20 percent as
discussed in Section V.A.3.

Based on the projected E00-14 bobbin coil probe voltage of 1.5

T (I'2 Y ), the burst strength of the degraded tube withoutV W,_

the constraint of the 'l P is conservatively estimated as
,

approximately 6,000 psi. This is over a factor of four greater
than the normal operating dif f erential pressure, which ,

represents a margin of 40 percent between the 3aPN0 criterion
and the burst strength. For the SLB accident, the 6,000 psi

burst strength is over a factor of two greater, which provides
a margin of over 100 percent. Thus, even ignoring the
constraint of the TSP during normal operating conditiots PGE
has been conservative in repairing tubes, and the tubes
remaining in service provide a wide margin of safety beyond the
criteria described in RG 1.21,

3. Iub e_Inic s tilIla s cLon_Iuh e_Supp o ri_.flatc _ Con air aint i

The tube integrity was established above based on a correlation
of bobbin voltage to burst pressure, assuming that the OD
indications at the TSP intersections could be in the free span
elevations (TSP displaced remote f rom the degradation). With a
nominal gap up to 0.039 inch (1.0 un) between the TSP and the
tube, the reinforcement provided by the support plate will

O

. . .
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preclude burst as long as it remains over the degradation. The
reinforceinent ef f ect of the support plate was confirrned by
burst testing of simulated degraded sauples in TSP " collars"
discussed in Appendix 3.

The most credible mechanism for displacement of the TSPs is the
SLB accident condition. The following analysis demonstrates
that assuming the TSP is displaced is conservative because the
TSPs are constrained frem moving relative to the tubes even
under the most limiting accident condition of SLB.

This approach to tube integrity involves a cornparison of the
nurrSer of tube-to-TSP intersections required to support the
cornputed SLB integrated pressure " applied plate loadings" to
the number of tube-to-TSP intersections which will offer
" supporting load" capability based on field ECT results.

.

Thermo-hydraulic inodeling of the Trojan steam generators
computed maximum plate f oren representing the maxianum dynamic
loads over tiene. These loads are compared to tests results
employing speciment exposed in autoclaves that are used to
establish the conservative (smallest) static " pull forces"
which cause " breakaway" and relative motion between the tube

and TSP epecimens. The test-meabured " pull forces" are much

lower ".han the pull f orces on in situ tubes, dennonstrating
conservatism relative to the expected actual load carrying
capability of the in situ steam generator tube support plates.

Trojan ECT data were reviewed to assess the presence of TSP
corrosion and magnetite or tube denting with deformation at the

TSP intersections. The results of the TSP corrosion evaluation
show that, with the exception of the first and second TSPs of
Steam Generator B, more than 50 percent of the TSP

intersections show TSP corrosion. Corroded tube-to-TSP
/3
U

__ _ _ _ , _ , _ _ _ _
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O
N]

interssetions f rom laboratory tests were found to be capable of
carrying, as a minimum, the lower bour.d load of 80 pounds. The
analysis results show that the percentage of TSP intersections
that are corrries based on ECT results meets or exceedr, the

percentage of corroded intersections required to provide the
condition of no expected tube-to-TSP relative motion during a

postulated SLB.

In the unlikely event that a postulated SLB should actually
occur, it is unlikely that significant relative motion would
occur between the tubes and the TSPe in the TNP steam
generators. Therefore, the TSP constraint precent at the
indications would prevent tube burst for axial indications
within the TSPs during an SLB as well as during normal

operating conditions.

(vI
NRC RC 1.121 requires that steam generator tubes previde

adequate margin against tube failure under postulated combined
accident condition loadings. Conceptually, combined loading
conditions eeuld result in yielding at a TSP with subsequent
,'-Formation of tubes . If significant tube deformation should

ar, primary flow area could De reduced, and postulated flaws
in tubes could propagate through-wall with the potential for
in-leakage under loss of coolant accident (LOCA) conditions or
increased primary-to-secondary leakage. Analyses performed by
Westinghousa and documented in Section 9 of Appendix 3 conclude
that for the combined LOCA and Safe Shutdown Earthquake (SSE)

condition, the maximu.n def ormation will not exceed 0.025 inch,
and tubes will not have increased leakage as a consequence of
the def ormation. For the combined loading condition of SLD and
SSE, the analysis demonstrates that burst capability of a full
thick ass tute with a through-wall flaw is not affected by the

<

SSE bending stress in combination with pressure stress of an

l''\ SLB.

U
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C. Canaidention_cLLeak Pefstr.ltsak

The TTS limit of 500-spd leakage pe steam generator maken it
likely that steam generator tub- *ntegrity would be maintained in
the event of a main steam line rupture or under LOCA conditions.

To provide additional margin that an ODSCC/1GA f.*av (or other flaw
form) will be detected, should it propagate at e mach greater rate
than expected, a TTS change will be submitted which will limit
primary-to-secondary leakage to 130 gpd. A single tube leaking at
this rate will still maintain adequate integrity to satisfy NRC

RG 1.121.

NRC RG 1.121 acceptance criteria for establishing operating leakage
limits are based on leak before break (LBB) requirements such that
Plant shutdown is initiated if the leakage associated with the
longe t permissible flaw is exceeded. The longest permissible flaw

[ )/ is that of a length that provides a factor of safety of three
L against bursting at the normal operating pressure differential.

A single tube leaking at the rate of 130 gpd will exhibit a flaw
length which can be calculated assuming a tight SCC axial flaw.
Westinghouse developed a leakage model for single axial flaws that
has been validated with leak rate test results from pulled tube and
laboratory specimens. The burst pressure for this flaw length can
also be calculated to determine whether or not a tube leaking at

this rate will have a burst p.> r ce greater than 34PN0*

As discussed in /.ppendix 3, Section 10, " Tube Repair Criteria for
OD Indications at TSPs", 130 gpd corresponds to a through-wall
axial flaw of 0.4 inch. A flaw of this length has a burst pressure

Thus, the 130-gpd limit provides for Plantgreater than 34Pyg.
shutdown prior to reaching critical flaw lengths, even if the TSPs
were displaced under normal operating conditions.

b'w)

- . _
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D. Concluainn_Regarding_luhe_lnttgrity j

The potential for tube burst was evaluated at 34PN0 and at APggg
considering the projected maximum EOC obbin voltaEe amplitudes,
ECT uncertainty, and increase in reactor outlet coolant
temperatures. The 3AP is based on the expected secondaryN0

pressure for 20 percent plugging. Both evaluations showed there is
adequate margin against tube burst even with the conservative
assumption that the TSP is displaced away from the region of
degradation (f ree span model) under normal operatinF and accident
conditions. The probability for burst and SLB leakage at E00-14,
based on correlations of bobbin coil voltage to burst pressure and
bobbin coil voltage to leak rate wi.s evaluated. Additional
structural integrity is provided by the constraint of the TSP under
normal operating conditions. In addition, for accident conditions

the analysis that concludes that in the unlikely event that a
postulated SLB actually occurred, the TSP would not be displaced.
Since the TSP prevents tube burst for axial indications within the
TSP intersections, burst is precluded under normal operating and
accident conditions. Therefore, the structural integrity of the
steam generator tubes remaining in service at TNP has been
confirmed for Operating Cycle 14 based on satisfying the criteria
of NRC RG 1.121 with very conservative assumptions.

The 130-gpd leakage limit provides further protection against tube
rupture. In addition, the 130-gpd limit provides the capability
for detecting a. flaw that might grow at much greater than expected
rates, and thus, provi(es additional protection against exceeding
SLB leakage limits. In summary, the results of consideration of
tube integrity and leakage support a return to power and full cycle
operation for Operating Cycle 14.

O

- _
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E. SMmarJ_QLSafCtv EvaluntiendtsaniingdteaHLSantIALDI_fluiuf

PGE has perf ormed an evaluation assessing whether an unrevie ved

safety question (USQ) ar defined by 10 CTR 50.59, " Changes, Tests
and Experiments", exis t s . This report provides much of the
information that was utilized in the saf ety evaluation conclusions,
and that information is not restated in this section. However, PGE
has addressed in this section, in swnmary form, key f actors that

contributed to its conclusion that the current status of TNP steam
generators does not involve a USQ.

The criter *a for detenwining if an USQ exists as provided in

10 CFR 50.59(a)(2) are as follows:

A proposed change, test, or experiment shall be deemed to
involve a USQ (i) if the probability of occurrence or the
consequences of an accident or malf unction of equipment(''} important to safety previously evaluated in the safety analysis\''

report may be increased; or (ii) if a possibility for an
accident or malfunction of a different type than evaluated
previously in the safety analysis report may be created; or
(iii) if the margin of safety as defined in the basis for any
Technical Specification is reduced.

PGE has utilized the guidance of the Nuclear Safety Analysis Center
(NSAC)-125, " Guidelines For 10 CFR 50.59 Safety Evaluations", dated

June 1989 in perf orming this saf ety evaluation.

,

Turning to the specific 10 CFR 50.59 criteria, PGE has concluded
that the probability of occurrence or the consequences of an
accident or malf unction of equipment important to saf ety previously
evaluated in the TNP safety analysis report will not be increased
as a result of Plant operation during Operating Cycle 14 with
marginally detectable indications in the steam generator tubes at(~'

Y.))
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the TSPs. This conclusion is based on the technical positions
taken herein, and the fact that TNP will continue to maintain
adequate margin for tube failure. Burst testing of pulled tube TSP
intersections has shown for NDE calls, which resulted in
inconclusive depth measurements, that the burst strengths exceeded

The analyzed FSAR conditions for tube rupture bound the
3APNO.
consequences of potential indications lef t in service based on the
eddy cut rent program perf ormed during the current out *Be. The

results of the analysis performed confirm that tube integrity-is
maintained, and therefore, the probability of a steam generator
tube rupture (SGTR) event is not increased. As previously noted,,.

basing tube integrity on burst strength is approprfnte for
microscopic flaws. Volumetric flaws will continus M be assessed
on a percent through-wall basis.

Accidents affected by primary-to-secondary leakage were reviewed.
O and the SLB is the most limiting in considering the potential for

off-site doses. The results of the analysis performed concludes

that the expected distribution of indications at the TSP
intersections are such that primary-to-secondary leakage would
result in site boundary doses within a small fraction of the
10 CFR 100 guideline during a postulated SLB event.

In regard to the second criteria for a USQ, PGE has concluded that
the possibility for an accident or malfunction of equipment of a
different type than previously evaluated in the TNP safety analysis
report will not be created as a result of the present Plant
condition. PGE reaches this conclusion based on information
contained throughout this report. In particular, the TNP FSAR

already postuletes a steam generator tube rupture (see FSAR
Section 15.6.3) Based on the Trojan repair guideline for Cycle 14,
which is more conservative than repair criteria supported by
Appendix 3, a tube rupture remains the type of accide2t that could
occur.
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\
The completed analysis also concludes that significant tube
deformation, which would affect primary coolant flow..does not
occur during the combined accident loading conditions of a LOCA and
an SSE. Tube burst integrity is maintained during a combined SLB

and SSE.

In addition, LBB criteria established for Operating Cycle 14
operation precludes unstable flaw growth leading to tube burst in
the unlikely event of a limiting accident. LBB provides protection
against a coupled SLB and SGTR event, which is outside the design

basis of the Plant.

Finally, PGE has evaluated the third 10 CFR 50.59 criteria, and has
determined that the margin of safety as defined in the basis of TTS

has not been reduced as a result of the current Plant condition.
Adequate safety margin has been proven to exist for the EOC-14
estimated tube degradation conditions, in that NRC RG 1.121

requirements will continue to be satisfied. In addition.

operational enhancements that have or will be implemented should
increase the margin of safety regarding a tube rupture accident.
These enhanced capabilities include: (1) installation of N-16
monitors, which will detect increasing primary-to-secondary leakage
more promptly than off-gas monitoring previously used;
(2) additional operator training on SGTR events has been conducted;
(3) the allowed primary-to-secondary leak rate has been reduced
significantly by administrative procedure from 500 gpd to 130 gpd;
and finally, (4) PGE has applied a more conservative limit than is
used by most of the industry regarding the detection and repair of
m %roscopic flaws. These actions, collectively considered, provide
adequate assurance that the margin of safety as discussed in TNP
Technical Specifications has not been reduced.

O
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OV
VI. FaAA DVERVIEW

TaAA was retained at the request of the PGE Corporate Offica to provide

an independent overview of PGE steam generator-related activities
undertaken toward restart of INP for Operating Cycle 14. The FaAA

overview included review of plans and products by PGE engineering

suf f, PGE consultants and service vendors. Specific technical areas
of FaAA overview were concerned with reviewing: (1) NDE practice for

conformance to applicable standards; (2) the validation of NDE results;
(3) methodology for determination of degradation growth ratest (4) the
use of eddy current inspections to assure the integrity of tubes during
Operating Cycle 14; and (5) evaluation of proposed water chemistry for
Operating Cycle 14 in terms of the current state of knowledge
pertaining to initiation and growth of the tube degradation being
experienced at Trojan.

Performance of FaAA's overview proceeded along multiple lines. On-site
staff attended PGE-TNP planning meetings and interacted directly with>

PGE and on-site contractor staff. FaAA staff attended meetings between
NRC and PGE at TNP and an Advisory Committee on Reactor Safeguards

(ACRS) meeting dealing with alternate plugging criteria (APC) held in
Washington, DC. Documentation and procedures of the NDE service vendor

were reviewed by FaAA Level u4 eddy current specialists and compared
with applicable standards. FaAA level III specialists also attended

portions of the database review conducted at Zetec facilities.
Documentation developed by Westinghouse and PGE in support of reactor

startup was reviewed and conrnen ted upon. Where applicable, FaAA
obtained raw data and conducted an independent analysis, specifically

in the area of developing flaw gsowth rates from the NDE database.
Meetings were held with PGE staff, PGE consultants, and EPRI concerning
corrosion mechanisms and recommendations for Operating Cycle 14 water

chemistry. Identification and ,eview of pertinent technical literature*

was conducted to support FaAA evaluations.
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Overview findings of FaAA are as follows:

1. NDE Practice

The inspection and analysis procedures appear to be in close
conformance with both regulatory and guidance documents.
Conformance to ASME Code, NRC RG 1.83 and EPRI Examination

Guidelines was evident.

2. Validation of NDE Results

The recently-evolved data analysis procedures appear to be
technically sound and applicaole to the problem at hand. The
technology utilized appears to be at state-of-the-art limits. This
is particularly manifest in the use of the new three-coil MRPC
probe combined with computerized band pass filtering. As a result,

b detectability and characterization should be substantially improved
'J over that attainable with the standard pancake coil and

conventional filtering.

Extensive effort was apparent on the part of the ISI vendor in the-

areas of personnel certification and training. Analysts were
,

certified in accordance with American Society f or Nondestructive
'aesting (ASNT) Recommended Practice No. SNT-TC-1A, " Personnel

Qualification and Certification of Nondestructive Testing", dated
August 1984 Moreover, each was administered a site-specific

practical examination. Examination results were reviewed by FaAA

Staif.

!

i

,

L

|
|
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Detemination of the Rate of Degradation3.

The statistical analysis of ECT results for hundreds of axial
indications for the past two operating cycles (three inspections)
provides an adequate basis to establish degradation growth rates
based on voltage for use in tube integrity assurance analyses.

4. Tube Integrity Assurance

FaAA has reviewed the PGE approach to tube integrity assurance

regarding degradation at the TSPs. We conclude thati

a) PGE has perfomed NDE of the TSP intersections which exceeds
normal industry practice, which is at the current
statu-of-the-art, and which is detecting degradation at earlier
stages of development than industry practice.

O
U b) PGE has pulled, tested, and examined metallurgically TSP

intersections with a range of NDE indications, has well
characterized the actual degradation, and has measured the
maximum ef fect on tube burst by not inc.luding the constraint

acturlly provided by the TSP.

c) PGE has implemented for Operating Cycle 14 much more extensive
and improved NDE coupled with a more conservative repair basis
to identify and remove from service tubes with less developed
(severe) degradation at the TSPs.

d) PGE consultant, Westinghouse, has determined the allowable

degradation based on bobbin voltage using extensive
INP-specific testing as well as generic data. The effects of
NDE uncertainties on the BOC degradation lef t in service and

O

.
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O the rate of degradation growth and its uncertainty have been
included to establish the allowable BOC voltage. This BOC
allowable is well in excess of the repair basis which PCE has

established. ,

5. Evaluation of Water Chemistry For Operating Cycle 14

FaAA concurs with the Operating Cycle 14 plan of (1) operating
under continued high purity conditions in conformance with EPRI
guidelines.:(2) implementing improvements in Plant water chemistry
analytical instrumentation to provide real time on line
quantification of water chemistry parameters, (3) providing data
for scientific study of crevice chemistry and the use of crevice
chemistry computer models through short-tertn controlled species
injections, _and (4) adjusting water chemistry to achieve a

~

near-neutral crevice chemistry.

|

| The Operating Cycle 14 water chemistry (like the Operating C.vele 13'

chemistry) will include maintaining hyperpurity conditions (per
EPRI guidelines), boric acid soaks c.nd injections, and AVT
control. PGE is exploring options which may ofS r opportunity to
slow the current tube degradation in the TSP intersections. The
Operating Cycle 14 plan for water _ chemistry should maintain or
decrease current rates of tube degradation.

VII. OPERATIONAL ENHANCEMENTS FOR FUEL CYCLE 14

A. Justa11ation and Use of Niirngen-16 Monitors

Nitrogen-16 (N-16) monitors are being installed on the main steam
lines at Trojan to previde esrly detection of primary-to-secondary
leaks (much better than the nanual sampling technioues previously
used at TNP). The leakage detection limit with these monitors is

O:

1

.
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equivalent to approximately I gpd from each steam generator. This
provides a significant margin for operator action prior to reaching
primary-to-secondary leakage limits.

N-16 is produced by the interaction of neutrons with oxygen in the
primary coolant. The amount of N-16 in the primary coolant is
directly proportional to reactor power level. N-16 is a
radioisotope characterized by a short half-life (7.35 seconds) and
the emission during decay of two high-energy gammas (6.13 MeV and
7.12 MeV) . N-16 monitors provide a threshold detection limit of
about I gpd based on a gamma radiation count rate of 0.25 counts

,,

per minute over background (background radiation count rate is
expected to be 0.2 counts per minute).

The N-16 detectors are located in proximity to one another

downstream of the main steam isolation valves. This is the
preferred location because the N-16 detectors are well shielded
from the steam generator blowdown lines. Also, with this
configuration, several monitors should respond at the same time to
a leakage event, providing a more reliable confirmation of
leakage. Steam generator tube leakage that may occur when the main
steam isolation valves are closed (i.e., when reactor power is less
than 20 percent) will still be detected by the existing Process
Radiation Monitors (PRM-16 Geiger-Muller detectocs) which are

located just outside Containment upstream of the main steam

isolation valves.

N-16 monitors have been successfully used at Zion, North Anna,

Farley, Millstone 2, Braidwood, and Indian Point 2. The

operational results have demonstrated that low-level leakage rates
tracked by the N-16 monitors after calibration have closely agreed
with the leakage rates determined from chemistry measurements
obtained f rom the steam generator blowdown or air ejector vent.

O
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However, the N-16 monitors are preferred because they provide
continuous on-line monitoring capability. Consideration of N-16
monitors is recommended in NRC IN 91-43, "Recent Incidents

Involving Rapid Increases in Primary-to-Secondary Leak Rate", dated
July 5, 1991. Westinghouse has also recently recommended
N-16 monitors in Westinghouse Report, " Fatigue Cracking of Steam
Generator Tubes with AVB (anti-vibration bar] Support", transmitted
to PCE by letter POR-91-596, dated October 3, 1991.

B. flanagd Steam Generator _ Chemistry PIngram

Tube degradation has occurred at TNP even though very low levels of
impurities in secondary water have been achieved in striving to
comply with increasingly lower recommended impurity standards. The
degradation appears to have resulted from the concentration of
caustic agents in crevices between tubes and TSPs. The
concentration of impurities stems from the restriction of flow in
the tube-to-TSP intersection crevices, which is a condition
inherent in TNP steam genetator design. As a result, the proposed
Cycle 14 secondary chemistry control program has been designed to
modify the caustic conditions in steam generator tube crevices.
The best method known of predicting the conditions in the crevice
is to monitor the molar ratios of important cations and anions in
the secondary side bulk water and the hideout return.

During Operating Cycle 14 TNP plans to implement improved water
chemistry to achieve near-neutral tube-to-TSP intersection crevice
chemistry conditions. The changes will be consistent with EPRI
secondary water chemistry guidelines.

The on-line ion chromatograph is currently capable of analyzing and
detecting contaminants of interest (sodium, potassium, chloride,
and sulfate) in the 500-ppt range. Lower limits of detection will

(''N be established during Operating Cycle 14.
b

. -
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inu After reaching 100 percent power and stable chemistry conditions, a
hidcout test to determine the rate of hideout of particular
chemical species in the Trojan steam generators will be performed
by injecting very small quantities of chemicals into the secondary
system. Using the results of the hideout test, a new EPRI computer
program, CREV-SIM, will be used with EPRI's MULTEQ computer program

to evaluate the ionic balance of cations and anions in the steam
generator tube-to-TSP intersection crevices.

After careful review of the information from the hideout test, the
CREV-SIM results, and the results from the destructive examination

of pulled tube samples, a revised chemical control program will be
|

implemented as required. This program may include low level
chemical injection to achieve neutral or slightly acidic crevices.
An alternative approach is to consider use of the condensate
polishers during Operating Cycle 14 to produce more acidic crevice

O chemistry conditions. Whatever approach is taken, this program
will be conducted in accordance with Technical
Specification 6.8.4.c, " Secondary Water Chemistry".

Cation-to-anion ratios will be monitored and trended by the Trojan
Chemistry Department. A method to control this molar ratio will be
evaluated following completion of hideout testing, pulled tube
analysis, and initial CREV-SIM and MULTEQ analysis.

;

A hideout-return study will be completed within the first four
months of full power operation to evaluate the results of CREV-SIM
predictions. The chemical control program will be further
evaluated during Operating Cycle 14

I The NRC Office of Nuclear Reactor Regulation Division of

Engineering Technology requested that PGE provide additional
information regarding steam generator TSP intergranular corrosion.
Responses to the request are as follows:

%

|
l
|
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NRC Request 1:
i

Provide a description of the Trojan plans to control crevice
1GA/ SCC, including hideout / hideout-teturn studies and
cation-to-anion molar ratio control parameters, and action
responses when the cation-to-anion molar ratio is outside the
control range, and required instrumentation it.cluding
detectability level.

PGE Responser

The requested information is provided throub out the precedingh

paragraphs of Section VII.B of this report.

'NRC Request 2:

h Provide a statement concerning the use of phosphate in the
v steam generator secondary water chemistry control program.

i

PGE Response

Phosphate injection into the steam generators is not currently
part of the Operating Cycle 14 secondary water chemistry
control program. If the plan to not inject phosphates changes,

PGE will discuss the issue with the NRC.

C. Administrative Limits for Primarv-to-Secondary Leakage

As part of PGE's resoonse to NRC Bulletin 88-02, " Rapidly
Propagating Fatigue Cracks in Steam Generator Tubes", dated

|
February 5, 1988, PGE implemented an enhanced primary-to-secondary

| 1eak rate monitoring program. (See PGE response dated March 11,

1988.) Initially, the enhanced monitoring program was intended to

,

.
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ensure that Plant power level would be reduced to 50 percent power
or less when the leakage rate reached a level at which a tube

rupture was predicted to occur.

PGE's enhanced monitoring program provides for progressively
increased surveillance as the detected leekage rate increases.

The program requires that the primary-to-secondary leak rate be
monitored and calculated weekly so long as the leak rate remaits

less than 10 gpd. If the increased leakage is 10 gpd or greater,
then the enhanced monitoring requirements are invoked, requiring
the calculation of the leakage rate every 8 hours. If the leakage

rate further increases to 50 gpd or greater and is increasing at a
rate of 50 gpd, then recommendations are made to the Plant Manager
to either reduce power or shut down the Plant.

PGE continued to improve on leak rate detection criteria and limits

f) as the need for tighter limits became evident. Accordingly, PGE
J will submit a change to reduce the current 500-gpd primary-to-

secondary leakage limit per eteam generator to 130 gpd. In

addition, PGE plane to reduce this limit further to 80 gpd per
steam generator with administrative controls.

Recently, PGE has upgraded Plant procedures to require prompt
operator action to complete shutdown within 45 minutes of detecting
or observing a rapid leakage increase. Procedures exist to carry
out the leakage detection program actions wnich include a rapid
respont; and Plant shutdown upon an indicatien of a sudden or
rapidly increasing leak.

D. Augmentrilraining for Oggraints

To improve operator ability to detect and correctly respond to
potential SGTR or steam generator tube leakage, PGE has increased

f''/)
operator training.

w

___.
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The following steam generator-related training was conducted from
August 1990 to December 1991.

1. Eimulator

Each licensed operator acts in various roles as part of a team
in simulator exercises. These exercises are part of each
retrainina, cycle that approximates 20 percent of the operator's

duties (one week out of five). Actual time in the simulator
responding to various scenarios is over 60 hours per year per
operator. The typical scenario varies, but usually includes
normal, off-normal, and emergency situations, and lasts from
one to four hours. The scenarios range from the relatively
straight forward to complex multiple casualties. The following
exercises were conducted in the current retraining cycle that
relate to steam generator tube problemst

b
a. Steam Generator Tube Leak

b. Tube Leak / Plant Shutdown

c. Faulted and Ruptured Steam Generator

2. Cluatorm

Classroom lectures are also part.of the retraining cycle and
are conducted on about 120 hours per year per individual.

Lectures last from ore to five hours and are conducted or. the
following topics that relate to the .9 team generator tube
problems:

|

i.

O

-
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Re6ponse to Steam Generator Tube Rupturea.

Portions of this lesson cover the steam generator-related
emer;ency contingency actions. These actions include
responses to an SGTR with a concurrent LOCA or loss of

pressure control,

b. Lessons Learned f rom Ginna and North Anna SGTRs

The students reviewed the lessons learned f rom vinna and
North Anna SGTRs and considered action taken to prevent or

,.

mitigate the consequences of similar events at Trc,jan,

c. Ready for Startup Training

This training incl.udes reviews of tle followingt the

Mihama steam generator tube leak event and Trujan Chemistry

Manual procedure changes to account for this experience;
the capability of the planner installation of
N-16 detectors to monitor steam generator tube leakage in
real time; and integrated Plant effects of increased tube
plugging of the stearn Fenerators during the next operating
cycle,

d. Steam Generator Tube Leak Procedure

This training covered changes to the steam generator tube
leak procedure, due to the Mihama event. It also provided

manage rent f eedback on stean generator tube rupture

procedure use issues.
,

' V
'

|

. ,
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O.g-
e. NRC IN 91-43

This training covered NRC IN 91-43 on recent events
involving rapid increases in primary-to-secondary leak rate.

E. Ercredure for ShutdQELMhen_LEAhutt_.113citI1td

In response to the Japanese plant, Mihama, steam generator tube
rupture event, a revision was made to the steam generator tube leak'

procedure to improve operator response to indications of a steam
generator tube leak. This upgrade was completed in July 1991 and
included the following changes:

1. Upgraded to be consistent with the emergency instruction for an
SGTR.

2. Upgraded to require prompt action to initiate Plant shutdown
based on the first confirmed indications of an increasing steam
generator tube leak as indicated by radiation monitors (located
on the condenser off gas line, the steam generator blowdown
lines, the main steam lines, and the steam generator blowdown
condensate return line to the condenser) decreasing Reactor
Coolant System pressure or pressurizer level increading steam
generator level or Chemical and Volume Control System flow

mismatch.

3. The procedure airo requires (1) Plant shutdown to be comphted
within 45 minutes of identification of an increasing steam ,

generator tube leak. (2) Manual safety injection and entry
into emergency operating procedures if pressurizer level cannot
be maintained with one centrifugal charging pump. This results
in a more rapid and conservative transition into the emergency
operating procedures than previously required.

O
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O
After completion of on-line testing on the new N-16 main steam line
radiation monitors, the steam 6enerator tube leak procedure will be
revised to include the additional diagnostic abilitiet of these
instruments.

VIII. CONCLUSIONS

Based on months of extensive examination, testing, and analysis, that
have been performed as described below, it is concluded that there is -

reasonable assuranco that the condition of TNP steam generators will

satisfy TTS prior to restart in that (1) tubes will not be left in
service which contain flaws that exceed the 40 percent through-wall
criterion as determined by traditional ECT techniques accepted by the
ASME Code, and (2) tubes left in service even with ODSCC/ IGA microflaws
will not become unserviceable prior to the next refueling outage.

This conclusion is based on the following:

1. 100 percent bobbin coil probe inspection of hot leg tubes from the
s

hot les side tubesheet through the cold leg side seventh TSP
intersection.

2. MRPC probe inspection of TSP intersections with pls identified by
the bobbin coil probe.

3. 100 percent MRPC probe inspection of hot leg TSP intersections up
through the fifth TSP.

4. MRPC probe inspection of a sample of hot leg sixth and seventh TSP
intersections and of hot leg sixth and seventh TSP intersections
with bobbin coil probe voltage greater than 1.0 VT (0.8 V ).g

5. Repair by plugging or sleeving tubes with bobbin coil probe PIs
confirmed by MRPC testing (Revision 0 and Revision 2 inspection
criteria without regard to bobbin voltage).

. . . - _ - _ - _ _ _ _ _ _ _ __
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6. Repair by plugging or sleeving tubes with MRPC-confirmed ODSCC/ IGA
microflaws at the TSP intersections having bobbin coil probe
voltages greater than or equal to 1.0 VT (0.8 Vy).

7. Confirmation by destructive testing that the burst strength for
tubes with ODSCC/ IGA microflaws remaining in service substantially

exceeds the recommendations of NRC RG 1.121. Using NRC.RG 1.121,

an allowable criterion of 4.3 VT (3.5 Vw) was developed. A more-
conservative TNP repair basis of 1.0 VT (0.8 Vy) discussed in
Item 6 above was adopted to ensure tube integrity throughout

Operating Cycle 14 operations.

8. In addition, significant surveillance and operational enhancements
have been or will be implemented during Operating Cycle 14. These

actions include:

' A. A significant reduction in the TTS-allowable
primary-to-secordary leak rete from 500 gpd to 130 gpd per
steam generator and from 1 gpm to 400 gpd total.

B. Installation of N-16 monitors, which are designed to promptly

detect primary-to-secondary leakage.

C. Revision of a procedure has been implemented to require rapid
Plant shutdown in the event of any rapidly increasing steam

generator tube leakage.

D. Enhanced operator training has beer. conducted on steam

generator tube break events.

Based primer 11y on the above f actors, it is determined that TNP steam
generators are operable. PCE, therefore, requests NRC review of this report
and appropriate actions as necessary.

O,

|
t

(
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ACRONYMS. ABEREYIATIONS. AND SYMBHLS

ABB Asea Brown Boveri
ACRS Advisory Committee on Reactor Safeguards
ANA Allen Nuclear Associates
APC Alternate Plugging Criteria
ASME American Society of Mechanical Engineers
ASNT- American Society for Nondestructive Testing
AVT All Volatile Treatment
BOC Beginning of Operating Cycle
C Column
CE Combustion Engineering
C FR - Code of Federal Regulations
'F Degrees Fahrenheit

,

AP Differential Pressure'

ECT Eddy Current Testing
EOC End of Operating Cycle

L EPRI Electric Power Research Institute
| FaAA Failure Analysis Associates, Incorporated

FSAR Final Safety Analysis Report

gpd Gallons Per Day
gpm Gallons Per Minute

O Hz Hertz
IGA Intergranular Attack

IGSCC Intergranular Stress Corrosion Cracking
IN Information Notice
ISI Inservice Inspection

LBB Leak Before Break
LER Licensee Event Report
LOCA Loss of Coolant Accident
MAI -Multipir. Axial indication

MeV Million Electron Volts
! mm Millimeter

MRPC Motorized Rotating Pancake Coil
N Nitrogen

NDE _ Nondestructive Examination
NO Normal Operating
NRC Nuclear Regulatory Commission
NSAC Nuclear Safety Analysis Center
OD Outer Diameter
ODSCC Outer Diameter Stress Corrosion Cracking

P ' Pressure
PGE Portland General Electric Company

PI Possible Indication
ppb Parts Per Billion
ppt Parts Per Trillion

'

O
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ACRONYMS _ E REVIATIONS. AND SYMBOLS

PjJi Process Radiation Monitor
Psi Pounds Per Square Inch
PWR Pressurized Water Reactor
PWSCC Primary Water Stress Corrosion Cracking
R Row
RG Regulatory Guide
SAI Single Axial Indication
SCC Stress Corrosion Cracking

SGTR Steam Generator Tube Rupture
SLB Steam Line Break
SSE Safe Shutdown Earthquake
TNP Trojan Nuclear Plant
TSP Tube Support Plate
TTS Trojan Technical Specification (s)'

! USQ Unreviewed Safety Question
V Volt (s)
V Volt (s) - Trojan (Normalized to 5 V standard)T
Vy Volt (s) - Westinghouse (Vg=0.8V)T

O.

.
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TABLE 111-1

FRELIMINARY STATUS OF STEAM GDNERATOR TUBE REPAIRS
FOR THE TROJAN NUCLEAR PLANT 1991 REFUELING OUTAGE

S tt&DL.GintItLLDr

_A_ B__ _C_._ D_._ -

No. of Tubes Inspected in 1991 3161 3169 3021 3004

No. of Tubes Flugged in 1991 290 490 385 362

No. of Tubes Plugged Total 455 644 645 645

No. of Tubes Sleeved in 1991 0 0 295 336
frg

j
! No. of Tubes Sleeved Total 0 0 196* 336

*0ne of the two tubes which were sleeved in Steam Generator C during the
1990 Refueling Outage was plugged during the 1991 Refueling Outage due to
a defective sleeve.

(t
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FIGURE III-1A
STEAM GENERATOR TUBE REPAIR SEQUENCE
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FIGURE III-1B
STEAM GENERATOR TUBE REPAIR SEQUENCE
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APPENDIX 1

..

TUBE INSPECTION AND REPAIR RESULTS FOR

REPAIRED TUBES IN 1991 REFUELING OUTAGE

,
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| REVISION 0: INITIAL PEPAIR PROGRAM @NG 1991) (
! 8C 8 C. 8 C. MRPC ASIPC AWIPC T/PE |

_ N. . RO97 COLUnet TSP MOLTAGE THASE CALL 40LTAGE PHRSE - CAtL MPNR tS;
,..
.

,

-1 A 28 12 OTH 1.39 48 PI 0.46 119 MAI PLUG

2 A 35 20 ' 02H 128 31 Pt 1.35 7 MAI PLUG ,
,

! 3 A 6 34 01H 1 09 ?9 PI 0 91 19 MAi PLUG I

| 4 A 37 41 02H 1.73 32 PI IM 40 SAI PLUG

$ 5 A 23 48 02H 1 62 49 Pt 1.02 1 51s SAI PLUG ;

!' 6 A 24 53 01H 1 40 57 t'l ' O 62 39 MAI PLUG

| 7 A 27 56 - 01H 15t8 38 FI O 71 87 MM PLUG
P

! 8 A 24 56 01H 2.18 40 FI O 39 130 SA! PLUG i

! 9 A 21 59 - 02H 2 93 22 PI O 43 152 MAI PLUG [

10 A 24 59 02H 1.16 99 PI 0.58 82 Sal PLUG f
|.

11- A 14 60 01H . 1 69 20 PI O 66 ie6 SAI PLUG j

1 12 A 25 60 01H 1.86 57 PI C 55 119- MAI PLUG
'

13 A 44 60 02H 2.81 20 P: 0 31 83 SAI PLUG ,

14 A 3 67 01H 1 11 27 Pt 0 55 15 SAI PLUG f

15 A' 27 68 01H 1.54 87 Pt 1 08 96 MAI PLUG !

i 16 A 8 70 01H I_93 52 Pt 1.03 126 M4 PLUG

)' 17 A 5 71 OtH 0.58 66 P1 0 66 83 SAI PLUG
,

le A 9 72 01H 0.84 102 PI 0.48 70 MAI PLUG f

19 A: 15 72' 02H 0.47 93 FI 026 100 SAI PLUG

20 A 20 73 01H 2.46 24 PI O 46 23 MAI PLUG

21 A' 26 73 02H 1.02 96 PI O 99 59 MAI PLtG
22 A' 14 74 01H 1.81 37 PI 0 92 36 SAI PLUG

23 A. 25 74 02H 221 26 PI O 92 28 MAI PLUG
,

3 24 A 4 75 01H 054 54 P1 0 56 46 SM PLUG

) 25 A. 15 75 07H 1.19 59 PI O 61 20 MAI PLUG q

j 26 A' 19 75 01H 3.18 25 PI O 66 63 SAI PLUG

i 27 A: 20 77 02H 1.00 96 PI 0.37 46 MAI PLUG

j 28 A- 6 78 01H 2.24 17 PI O 67 103 MAi PLUG
i 29 A 15 79 01H 0.96 96 Pt 1.47 98 SM PLUG

.

i
i

-
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REVISION 0: INITIAL REPNR PROGRAM (SPRING 1M1)
8 C. 8 C. 8 C. MRPC MRPC WRPC TWE

S/G ROW COLUMN TSP WLTAGE PHASE CALL WTAGE PHASE CALL REPAM

30 A 18 79 03H 1 05 27 Pt 0 49 119 SAI PLUG

31 A 29 79 01H 1 05 57 Pt 172 63 SAI PLUG

32 A 22 80 02H t .56 30 FI O 71 67 MA! PLUG

33 A 6 81 01H 2 09 50 Pt 0.79 27 MAI PLUG

34 A 21 82 01H 1 05 39 P1 0 36 90 MAf PLUG

35 A 23 82 01H 1,55 40 PT 0 40 57 MM PLUG

36 A 19 82 02H 1 47 23 PT 1 09 49 SA! PLUG

37 A 3 83 01H 1 28 34 PI O 53 53 MAI PLUG

38 A 11 83 01H 1 24 32 P1 0 48 70 SAT PLUG

39 A 7 84 01H 1.18 41 Pt O 41 91 SAI PLUG

40 A 15 R4 OTH 119 39 Pt 0 59 72 " AI PLUG ;

41 A 21 84 01H 1 03 73 Pt 0 63 56 W PLUG !
'

42 A' 5 85 01H 3 24 21 P1 0 71 40 SM PLUG

43 A 10 86 01H 0 92 21 P1 0 52 131 SM PLUG

! 44 A 18 BG OTH 1_30 7 P1 0 29 da MM PLUG
r

! 45 A 24 86 02H 2 57 24 PT 0 46 62 MAI PLLG

46 A 12 87 01H 2 07 33 Pt 0 52 82 MM PLUG

47 A 18 87 01H 1 17 12 FI 059 117 SM PLUG

48 A 25 87 01H 1.53 157 Pt 0 70 35 SM PLLS

49 A 7 88 01H 1.14 30 FI 0 90 31 SAI PLU i

50 A 12 29 01H 1.79 31 Pt 0 53 86 MAI PLUG

51 A 8 90 01H 1 47 100 PI o 66 77 SM PLUG

52 A 12 90 01H 1.64 38 PI o og 134 MAI DLUG

53 A 15 92 01H 0 61 54 PI O 32 77 SAI PLUG
1

1 B 4 3 02H 1.56 37 PI i 15 73 SM PLUG |

2 B 14 5 01H 1 03 38 PI 0 56 99 SM PLLG
!

3 B' 15 5 03H 1.05 55 Pt 1.3G 55 SAI PLUG
'

4 8 9 7 02H 135 36 Pt 1.37 153 MAi ' PLUG

92
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l,

REVISION 0: IfFT1AL REPAIR PROGRAM (SPRING 1991)
B C. B C. 8 C. MRPC A* :C MRPC TYPE

S/G ROW COLUMN TSP %DLTAGE PHASE CALL bOLTAGE PHASE CALL REPMR |

i

j 5 B 25 to 01H 1.48 35 FI 0 97 35 MAI PLUG

] 6 8 12 12 01H 3 26 17 FI 1 26 133 SAI PLUG ;

! 7 8 13 12 01H 1 26 40 PI O 37 39 SM PLUG j
'

8 8 ?S 15 01H 0 67 101 Pt 0 70 76 SAI PLUG

9 8 27 16 02H 1 43 33 FI O 29 95 SAI PLUG

G 27 16 01H 0 84 41 P1 0 32 45 SAI

10 B 28 16 02H 1 60 34 P1 0 58 104 val PLUG

B 28 16 01H 1.95 34 PI 1 33 37 SA!

11 B 11 17 01H 0 60 109 Pt 1 42 16 SAI PLUG

12 8 14 18 02H 1A5 28 Pt 1 r6 18 MM PLUG

B 14 18 01H 1.14 105 Pt 2 13 52 MAI

13 8 30 20 02H 0 75 63 FI O 04 172 SAI PLUG

14 B 31 21 02H 0 63 49 PI O 27 93 SAI PLUG

! 16 B H MAI

l 17 8 35 77 07H 2.53 34 FI O 54 42 MM PLUG

18 B 12 28 02H 0 94 73 PI O 76 44 MAI PLUG

19 8 12 29 02H 1.45 25 PI 0.38 124 SAI PLUG

20 B 38 29 07H 1.75 25 PI O 52 104 SAI PLUG

21 B 40 29 02H 2 29 47 P1 0 64 142 SAI PLUG

22 B 43 30 01H 2 01 38 PI O 39 38 MAI PLUG

23 8 39 31 07H 2 24 21 PI O 44 104 SAI PLUG

24 8 41 31 01H 1.59 55 PI O 81 101 SA! PLUG

25 B 24 32 01H 2 44 39 P1 0 62 AG SAI PLUG

26 B 39 32 02H 1.96 28 PI O 47 79 MAI PLUG

27 8 27 34 02H 1.28 28 Pt 0 43 40 SA! PLUG'

28 8 40 34 02H 2_10 18 PI 0.59 43 SAI PLUG

29 B 37 36 02H 0 82 75 PI- 0 63 109 SAI PLUG

30 8 40 36 02H 2.47 08 Pt 1.52 27 MAI RUG

Page 3
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APPENDfX 1

REVISION 0: INTTIAL REPMR PROGRAM (SPRING 19911
8 C. B.C. 8 C. MRPC MRPC MRPC 7YPE

SjG ROW COLUMN TSP W)LTAGE PHASE CN.L kOLTAGE PHASE CALL REPNR

31 B 4? 36 02H 1 23 24 FI 1 02 4 SAI PLUG

32 B 43 36 02H 2.74 15 PI 0.43 78 SAI PLUG

33 B 42 39 02H 1 07 49 PI O 57 137 SAI PLUG

34 8 44 39 02H 0 97 43 PI 1.08 109 MAI PLUG

35 B 2 41 02H 0 93 67 PI O 37 58 MAI G.UG

36 8 12 41 03H 0 97 107 Pt 1 09 112 SAI PLUG

37 B 44 42 02H 0 74 83 P1 0 83 47 MAI PLUG

38 8 36 45 02H 1.36 34 P1 0 49 90 MAI PLUG

39 8 44 45 02H 1 93 34 PI O 56 71 MAI PLUG

40 B 41 46 02H 2 27 53 PI O 66 48 MM PLUG

41 B 17 47 04H 2 32 30 P1 O SS 156 MAI PLUG.

42 8 33 47 02H 0 91 92 P1 0 47 25 MM PLUG

43 8 37 47 02H 2 99 50 Pt om 129 SM PLUG

44 B 30 49 02H 1 40 45 PI o 54 75 SAI PLUG

45 B 46 51 03H 1.16 25 P1 0 84 93 MM PLUG

46 B 43 54 0?H 1.58 62 PI O 69 87 MAI PLUG

47 B 37 57 02H 0 98 45 FI f 39 138 MM PLUG

48 8 29 60 02H 1 20 64 PI O 59 60 MAI PLUG

49 8 44 61 02H 0 67 87 Pt 1 84 137 SAI PLUG

50 B 17 64 03H 0 72 77 PI O G2 105 MAI PLUG
'

51 B 35 68 03H 0.59 101 FI O 94 100 SAI PLUG

52 B 30 81 01H 1.73 32 P1 0 60 65 MAI PLUG

53 8 31 82 01H 0 97 128 PI O 95 96 MAI PLUG

54 8 22 87 OTH 1.29 36 FI 1 46 105 SAI PLUG

55 B 9 88 01H 2 09 27 PI O 76 112 MAI PLUG

56 B 8 90 01H 1.75 39 FI 2 39 165 MAI PLUG

i l

1 C 14 14 02H 1.03 65 Pt 2.48 29 SAI PLUG |

2 C 14 17 02H 1.10 49 PI 0.96 15 ESAI PLUG i

4
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REVISION 0:. INITIAL REPA!R PROGRAM (SPRING 190*;
GC BC BC MRPC MRPC MRPC 7YPE

SjG ROW COLUMN TS' WA.TAGE PHASE CALL WLTAGE PHASE CN.L REPMR

3 C 29 19 02H 2.15 35 Pt 1 54 45 SAI PLUG

4 C 14 24 02H 1 97 30 P1 1.70 164 MAI PLUG

5 C to 25 02H 227 29 Pt 1 42 176 MAI PLUG

6 C t8 26 02H 1.12 71 P1 1 43 162 MAI PLUG
;

7 C 23 27 02H 2 45 50 P1 17b 170 MAI PLUG

8 C 27 27 02H 124 38 PI O 95 34 MAI PLUG
|
| 9 C 5 28 03H 0 f54 42 P1 0m 77 S4Al PLUG

C 5 23 02H 0 98 30 PI O 74 99 MAI

10 C 15 30 02H 3 59 157 PI 1 88 161 SAI PLUG
;

11 C 19 37 01H 0 52 56 i- 0 78 43 MN PLUG

12 C 5 38 02H 2 25 30 Pl 1.53 15 MAI PLUG

13 C 6 38 03H 155 38 PT C 79 120 MM PLUG

C 6 38 02H 127 40 Pt 0 67 107 M AI

C 6 38 01H 0 82 43 Pt 1 77 140 MAI

14 C 19 38 02H 0 99 61 Pt 1 37 140 SAI PLUG

?S C 28 39 03H 1 08 57 PI O 73 60 MM PLUG

16 C 29 39 02H 1 83 23 FI O 00 93 MAI PLUG

17 C 22 40 01H 2 62 38 PI O 83 96 MAI PLUG

18 C 5 41 02H 1 28 45 P1 0 46 74 MAI PLUG

19 C 30 41 02H 2 06 35 PI O 71 78 MM f1OG

20 C 32 42 02H 1 89 29 P1 0 80 143 M AI PLUG

21 C 33 43 02H 0 97 68 FI O 59 53 MA! PLUG

22 C 44 43 02H 1.21 67 P1 0 56 75 SAI PLUG

23 C 45 43 02H 2.93 24 Pi 0 84 90 SAI PLUG

24 C 12 44 01H 2.87 32 PI O 98 57 MAI PLUG

25 C 33 44 01H 1.35 26 PI 0.95 147 SAI PU)G

26 C 18 45 01H 0.65 47 PI O 45 53 SAI PLUG

27 C 4 46 03H 0.97 21 PI O 25 26 SAI PLUG

28 C 42 46 02H 2.00 30 PI 054 25 SAI PLUG

Page 5
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APPENDIX 1

REVISIONO: INITIAL REPATR PROGRAM (SPRING 1991)
B C. 8 C. 8.C. MRPC MRPC MRPC 7YPE

S)G ROW COLUMN TSP VOLTAGE Pit'tSE CALL %DLTAGE PHASE CN.L REPAnt

| 29 C 45 46 02H 1.33 58 P1 0 43 37 SAI PLUG
'

30 C 16 47 02H 1.44 41 PI 0.32 112 MAI PLUG
31 C 30 47 01H 2.17 49 PI O 60 79 SM PLUG
32 C 34 47 02H 0 91 55 Pt 0 92 54 MM PLUG
33 C 32 48 02H 1 90 27 PI O 57 77 MAI PLUG
34 C 33 48 03H O 76 40 PI O 53 99 MAI PLUG

C 33 48 02H 1 25 74 PI 0.73 92 MAI
' 33 48 01H 2 05 69 Pt O 54 134 MN

35 C 12 49 "2H 1.59 28 Pt 1 67 151 SSJ PLUG
36 C 30 49 01H 2 05 29 P1 0 67 38 SM PLUG
37 C 45 49 02H 2.38 34 P1 0 80 85 MAI PLUG
38 C 13 50 01H 1.55 28 P1 0 38 2ff SAI PLUG
39 C 33 50 02H 0 68 t71 PI 1 00 120 MM PLUG
40 C 35 50 02H 1.20 7 P1 0 36 56 SM PLUG
41 C 9 54 03H 1 00 Si F1 0 82 104 MAI PLUG
42 C 34 54 02H 0 87 60 PI O 67 72 MAI PLUG
43 C 36 54 01H 0 89 29 PI O 69 87 SM PLUG
44 C 33 58 01H 0 51 53 Pt 1.03 153 MM PLUG
45 C 44 58 02H 1 94 24 Pt 1 22 150 SM PLUG
46 C 33 62 02H 1.99 14 P1 0 36 31 MM PLUG
47 C 40 62 02H 1 69 33 PI O 63 131 SM PLUG

48 C 14 63 03H 0 53 64 Pt 0 61 83 SA! PLUG
49 C 30 63 05H 1.58 19 PI O 75 35 SN PLUG |

C 30 63 04H 1 24 30 FI 0 53 78 SAI

C 30 63 02H 2 06 37 PI O 42 116 MM
50 C 35 63 02H 1 83 25 P1 0 44 53 SA! PLUG
51 C 15 65 01H 1.21 18 PI 0.75 25 SM PLUG

,

52 C 23 67 01H 0 84 0 Pt 1.74 139 SAI PLLG
53 C 32 67 03H 1 07 20 PI O 43 209 MAI PLUG

}e 6
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REVISION 0: !NiTIAL REPMR PROGRAM (SPRING 1991)
B C. B C. 8 C. MRPG MRPC MRFC 7YPE

S)G ROW COLUMN TSP V3LTAGE PHASE CALL WTAGE PHASE CALL REPMR

54 C 15 68 03H 1.37 38 P1 1 32 104 SAI PLUG

55 C 23 68 01H 0 94 42 PI O 51 47 MAI PLUG

i 56 C 32 68 02H 1.40 39 Pt 2.16 161 MAI PLUG

| 57 C 8 M 03H 139 36 Pt 033 130 SAI PLUG

! C 8 69 01H 135 40 Pt 1 01 66 M AI

! 58 C 14 69 01H 1 58 26 Pt 0 64 30 SM PLUG

| 59 C 28 93 0?H' 131 65 Pt 2 29 142 MM PLUG

| 60 C 30 69 01H 1 59 36 PI O 97 333 MAI PLUG

61 C 34 69 02H 2 05 20 FI O 63 146 SM PLUG*

62 C 35 69 3?H 1.94 41 P1 0 62 57 SAI PLUG

03 C 38 69 0?H 1.95 32 P1 0 42 105 W PLUG

64 C 11 70 02H 131 52 Pt 1 02 109- MM PLUG'

GS C 12 70 01H 1 45 21 P1 0 77 290 MM PLUG

| 66 C 14 71 0?H 125 77 P1 0 87 135 MM PLUG

67 C 11 72 02H 1 00 68 FI O 33 111 SM PLUG

58 C 20 72 01H 135 40 P1 0 92 34 SAI PLUG

69 C 29 72 0?H 22S 37 Pt 1.19 177 SM PLUG

70 C 32 72 02H 1 21 43 Pt 0 41 55 SM PLUG

71 C 27 73 0?H 1.18 40 FI 0 93 45 SM PLUG
4

! 72 C 29 73 01H 1 63 47 P1 0 R6 68 MM PLUr-

{ 73 C 20 74 01H 1.42 25 PI 1 01 47 SAI PLUG
! 74 C 27 74 02H 1.58 30 PI O 87 161 MM PLUG

j 75 C 12 75 0?H 1.94 51 Pt 1 80 132 SM PLUG

76 C 19 75 0?H 2 24 24 P1 0 61 166 SM PLUG

77 C 27 75 01H 122 30 PI 0.47 57 MM PLUG

78 C 25 78 01H 2 20 30 PI O 49 104 MM PLUG

79 C 26 78 O1H 1.41 42 P1 0 46 35 SAI PLUG

80 C 28 78 01H 1.58 24 P1 0 38 ' 110 SAI PLUG

81 C 14 84 03H 0 80 40 P1 0 35 113 SA! PLUG

.
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!
t

REVISION 2: SUMMER REPAIR PROGRAM (AUGUST 1991)
8.C. 8 C. 8 C. MRPC MRPC MRPC 11PE

^ S/G row . COLUMFt ISP 1DLTAGE PNASE CALL MOLTAGE PNASE CALL REPAIR
.., .

. ,

'

1 A 21 9, 03H 0 85 33 NONE' O3 118 SAI PLUG

2 A 33 16 01H 1.41 81 Pt' O 23 84 SA! PLUG

3 A 31 17 05H 0IWs 27 NONE D 64 135 SAI PLUG

4 A 15 18 03H 1.08 11 PI O 30 37 SAI PLUG

S A 29 18 02H 1.01 27 PI O 51 135 MAI PLUG

6 A 30 18 01H 0.51 64 NONE O 46 78 SAI PLUG

7 A 26 19 02H 0 73 22 NONE O 28 91 SAI PLUG

8. A 11 20 03H 0 42 111 NONE O9 36 SAI PLUG

9 A 36 20 02H 0 00 96 PI O 26 95 MAI PLUG

10 A 36 22 01H 173 21 NONE 0 21 101 MAI PLUG

11 A 39 22 02H 0 85 28 NONE O 46 32 MAI PLUG

12 A 33 23 02H 0.49 31 NONE D 45 120 SAI PLUG

13 A 38 23 01H 05 17 NONE O 67 147 SAI PLUG

14 A 21 24 03H 0 44 45 NONE O 56 36 SAI PLUG

A 21 24 02H 0 25 127 NONE O 34 115 SAI

15 A 11 25 01H 0 39 51 NONE O 38 60 SAI PLUG

16 A 5 28 03H 0.73 19 NONE 0.12 90 SAI PLUG

17 A to 28 04H 0 69 147 NONE 0.39 44 SAI PLUG

A 10 28 02H 0.49 34 NONE 0.15 104 SAI

18 A 2:' 28 04H 0.13 97 NONE O 26 81 SAI PLUG

19 A 27 28 02H 0.59 12 NONE O 21 38 SAI PLUG

20 A 7 29 0tH 0 64 125 NONE O.39 116 SAI PLUG

21 A 28 29 03H 0.61 33 NONE O6 69 MAI PLUG

22 A 26 ,0 03H 0.54 21 NONE 0.27 104 SAI PLUG

A 26 30 02H 0.18 80 NONE O 25 129 SAI

23 A 19 31 01H 0.46 43 NONE 0.3 67 MAI PLUG

24 A 41 31 02H 1.04 15 PI 0.30 151 MAI PLUG

25 A 41 32 02H 0.5 33 NONE 0.45 13!5 SAI PLUG

26 A 21 33 03H 0.78 38 NONE 0.3 125 MAI PLUG

27 A- 41 33 01H 0 93 32 NONE O.38 119 SAI PLUG

Page 1
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APPENDIX 1

REVISION 2: SUMMER REPAIR PROGRAM (AUGUST 1991)
B C. B C. B C. MRPC MRPC MRPC 1TPE

S/G ROW COLUMN TSP %DLTAGE PHASE CALL VOLTAGE PHASE CALL REPNR

28 A 8 34 01H 0.72 49 NONE O 43 138 SM PLUG

29 A 11 36 03H 0 32 39 NONE O_37 103 MAI PLUG

30 A 23 36 01H 0 46 35 Pt 0 64 18 SAI PU G
31 A 5 37 01H 0 93 20 NONE 0.35 123 SAI PLUG
32 A 6 37 01H 0 69 41 NONE O 35 29 MAI PLUG

33 A 20 37 02H 0 33 28 NONE O 32 130 SAI PLUG

34 A 44 37 02H 1.15 174 NONE O 2$ 123 MAJ PLUG

35 A 45 37 03H 0 89 10 NONE O2 !C1 SAI PLUG

36 A 3 38 03H O 68 24 NONE O 47 153 SAI PLUG

37 A 4 39 03H 0 28 149 NONE O 34 92 SAI PLUG

38 A 14 39 03H 0 8G 26 NONE O 73 127 SAI PLUG

A 14 39 02H 05 15 NONE O 46 64 SAI i

39 A 35 40 02H 1 02 62 P1 0.33 34 MAI PLUG

40 A 37 40 02H 1.19 7 NONE O 29 130 SAI PLUG

41 A 42 40 02H 0 61 17 rJONE O5 142 SAI PLUG i

42 A 3 41 02H 0 95 124 NONE O3 133 SAI PLUG

43 A 11 .1 01H 0 92 21 NONE 0 57 150 SAI PLUG
44 A 12 41 01H 0.37 9 NONE G 39 161 SAI PLUG ,

45 A 14 41 01H 0 46 68 NONE G 21 55- SM PLUG -

46 A 24 41 01H 0 45 17 NONE O3 142 StJ PLUG

47 A 42 41 02H 1 07 19 NONE O 49 m SAT PLUG
'

48 A 4 42 02H 0 68 145 NONE 023 113 SM PLUG

49 A 9 42 02H 0.74 9 NONE 0 25 126 MM Pa yq [
50 A 11 42 02H 0.18 90 NONE O 61 149 SA! PLUG

A 11 42 01H 0.65 10 NONE O et 141 SAI

51 A 14 42 03H 0 38 46 NONE O 25 tot OAl PLtfr ,

52 A 19 42 01H 0.51 26 NONE 0.3 119 SAI PLUG

53 A 20 42 01H 0 44 98 PI 047 131 SAI M_UG '

54 A 21 42 01H 1.51 20 NONE C 29 125 SAI PLUS
'

55 A 30 42 02H 0.72 1 NONE 0.25 71 SAI fiLUG

O O2 O
.
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i

i

REVISION 2- SUMMER REPAIR PROGRAM (AUGUST 1991)
8 C. B C. B C. MRPC MRPC MRPC TYPE

.

j S/G _ ,
ROW COLUMN TSP 10LTAGE PHASE CALL WX.TAGE PHASE CALL REPAIR

i 56 A 33 42 02H 0.43 0 NONE O 18 109 MAI PLUG

57 A 45 42 02H 1 08 11 NONE 0.55 134 SAI PLUG

58 A 46 42 01H 6 33 175 PI O 47 119 SAI PLUG
,

! 59 A 6 43 01H 0 44 41 NONE O2 75 SAI PLUG

60 A 20 43 01H 0 55 23 NONE O 54 133 SAI PLUG'

l 61 A 26 43 OSH 0 72 33 PI 0.19 119 SAI PLUG

62 A 10 44 03H 0 CA 15 NONE O 33 142 SAI PLUG ;

63 A 28 44 01H 0 06 49 NONE O 27 47 sal PLUG

64 A 32 44 02H 0 57 61 NONE O 14 120 SAI PLUG

65 A 3 45 03H 0 92 10 NONE O 51 159 TAI PLUG

66 A 17 45 01H 0 57 55 NONE O 35 67 MAI PLUG
,

67 A 23 45 03H 0 37 344 NONE O 83 141 MAI PLUG

68 A 26 45 03H 0 37 58 PI O 41 74 SAI PLUG

A Wi 45 01H 0 69 d2 P1 0 38 122 MAI

69 A 42 45 01H 17 01 176 P1 0 79 150 MAI PLUG

70 A 46 45 04H 0 57 77 P1 0.15 88 SAI PLUG

71 A 4 46 01H 0 93 8 NONE O 62 150 SAI PLUG |

72 A 16 46 01H 06 154 NONE O 75 138 SAI PLUG

73 A 19 46 04H 0 64 155 NONE O 66 89 SAI PLUG

A 19 46 01H 0 24 103 PI O 62 125 MAI

74 A 20 46 04H 0 37 150 NONE O 27 72 SA! PLUG

A 20 46 02H 0 34 38 NONE O 54 132 SAI ;

75 A 13 47 01H 0 45 66 NONE O 57 94 SAI PLUG

76 A 16 47 01H 0 58 358 NONE O 57 129 SAI PLUG

77 A 17 47 03H 0 27 124 NONE O 38 53 SAI PLUG |

78 A 20 47 0?H 0 56 4 NGNE O 23 78 SAI PLUG l

79 A 32 47 02H 178 41 PI O 42 135 SAI PLUG |

80 A 33 48 01H 0 55 39 PI 0.71 125 SAI PLUG [
81 A 17 50 02H 0 89 19 PI O 49 146 SAI PLUG

82 A 25 50 01H 0 92 10 NONE 0.36 96 SAI PLUG |

;

!

Page 3

._. - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



_ _ _ _ -

-

APPENDtX 1

REVISION 2: SUMMER REPAIR PROGRAM (AUGUST 1991)
B C. 8 C. B C. MftPC AMTPC MRPC 1YPE

S)G ROW COLUMN TSP M 7 AGE PHASE CML M 7 AGE PHASE CALL REPNR

83 A 3G 50 01H 1.35 17 NONE 03 40 mat PLUG I

64 A 21 52 03H 0 41 69 NONE 0.38 93 SM PLUG

A 21 52 02H 0 43 138 NONE o 28 53 SAI

85 A 22 52 01H 1.37 18 NONE G 39 116 MM PLUG

06 A 27 52 01H 0 79 44 NONE o 38 81 SAI PLUG

87 A 12 54 01H 0 32 C7 NONE O 44 120 SM PLUG

88 A 14 54 02H 08 7 NONE o 34 118 SM PLUG

89 A 16 54 02H 2.10 26 Pi 0 57 127 MM PLUG

90 A 20 5= 01r4 1 49 1 NONE O 59 118 SAA PLUG

91 A 21 54 02H 'A 150 NONE O 34 96 MM PLUG

92 A 24 54 01H 0 91 53 P1 0 32 115 MM PLUG

93 A 11 55 UTH 2 13 173 NONE O 34 59 SAI PLUG

98 A 16 55 03H 0 BG 27 NONE O 37 124 SA! PLUG
,

95 A 25 55 01H 0 71 31 NONE O 57 138 MM PLUG

96 A 27 55 01H 0 74 16 NONE 03 127 S/J PLUG

97 A 33 55 04H 1.16 20 NONE O 86 106 SAI PLUG

A 33 55 01H 0 71 24 NONE O 64 142 SM

90 A 34 55 01H 0 19 61 NONE 0 36 104 MM PLUG|

99 A 14 56 03H 0 66 25 PI O 38 147 SAI PLUG

100 A 17 56 04H 0 76 22 NONE O 58 152 SAI PLUG

101 A 20 56 01H 0 97 142 NONE O 48 114 SM PLUG

102 A 17 57 02H ts 98 25 NONE O 17 116 MAI PLUG

103 A 6 58 01H 09 104 NONE O 63 138 MM PLUG

104 A 10 58 GTH 0 53 50 NONE O4 94 MM PLUG

105 A 19 58 02H 0 49 111 NONE o 59 151 MAI PLUG

106 A 7 59 03H 0.76 43 P1 0 21 17' MM PLUG

107 A 10 59 03H 02 90 NONE O 21 135 SN PLUG

108 A 14 59 OTH 127 30 NONE O 34 155 MAI PLUG

109 A 17 59 03H 0 25 132 NONE O 32 147 SM PLUG

110 A 20 59 01H 1.74 3 PI O 48 47 SM F10G
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APPENDtX 1 |
!

|

REVISION 2: SUMMER REPA!R PROGRAM (AUGUST 1991) j

B C. 8 C. B.C. MRPC MRPG MRPC 7YPE

S/G ROW COLUMN TSP WLTAGE PtDL% CALL WLTAGE PluSE CALL REPAIR

137 A 17 (G 04H 1.42 7 NONE O 27 67 SAI PLUG ;

138 A 23 f6 03H 0 58 167 NONE o 52 36 SAI PLUG

139 A 25 (6 01H 0 77 59 NONE O 59 33 SAI PLUO

140 A 26 f6 03H 0 22 135 NONE O 3C 47 sal PLUG

141 A 8 67 03H 0 42 15 NONE O 35 139 MAI PLUG'

I 142 A 9 67 01H 0 72 27 P1 0 37 146 MAI PLUG

j 143 A 17 67 07H 0 44 163 NONE o 39 111 SAI PLUG

A 17 67 01H 2 08 73 Pt 0 41 127 MAI

144 A 23 67 01H 0 90 48 PI O 48 131 SAI PLUG

145 A 41 67 01H 0 92 143 NONE O 32 128 MAI PLUG

146 A 20 68 01H 1.39 28 Pt 0 66 131 SN PLUG

147 A 24 68 01H 0 94 21 PI O 25 104 MAI PLUG

148 A 25 68 01H 1 03 56 NONE 0 55 129 SAI PLUG

149 A 4 69 01H 12 15 NONE O 66 88 SN PLUG

150 A 29 69 01H 1 05 150 NONE O 19 108 SAI PLUG

151 A 39 69 02H 3 25 192 NONE 129 132 MA! PLUG

152 A 21 70 02H 0 89 158 NONE O 33 67 SAI PLUG

A 21 70 01H 0 42 96 NONE O 22 57 SAI

153 A 4 71 03H 0 27 18 NONE 0.14 97 SAI PLUG

154 A 21 71 03H 0.7 16 NONE O 43 158 SA! PLUG

A 21 71 01H 03 62 NONE O 28 81 MAI

155 A 24 71 03H 09 71 NONE O 57 153 SAI PLUG

156 A 33 71 01H 1.92 19 PI O 25 122 MAI PLUG

157 A 37 71 01H 0 49 180 NONE O 37 144 SAI PLUG

A 5 72 02H 0 70 120 PI O 20 95 SAI

A 5 72 01H 1.37 46 PI O 25 122 MAI

158 A 10 72 01H 0 81 23 NONE 028 117 SA! PLUG :

159 A 13 72 01H 2_05 172 P1 0.19 51 MAI PLUG |
160 A 17 72 01H 0.54 42 NONE 0.36 88 SAI PLUG

161 A 19 72 02H 0.09 71 NONE 0 31 147 MA! PtJr,

9 9_.6 % ,

;
_
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APPENDIX 1

REV:SION 2: SUMMER REPAIR PROGRAM (AUGUST !991)
8. C. B C. B C. MRPC MRPC MRPC 7YPE

S)G ROW COLUMN TSP WLTAGE PHASE CML WLTAGE PHASE CALL REFAR

162 A 22 72 01H 0 77 20 PI O.30 47 MAI PLUG

163 A 24 72 0?H 0 61 21 Pt 0 32 131 SAI PLUG

.

164 A 33 72 01H 0 89 94 NOfE O 25 137 MAI PLUG

165 A 6 73 01H 0 97 45 P1 0 45 128 MAI Pt_UG i
'

166 A 9 74 04H 1 65 23 NONE 1.a9 149 SAI PLUG
i

167 A 11 74 03H 0 29 93 NONE 0.35 124 SM PLUGi

A 11 74 O1H 1 164 NONE O 48 141 SA!

168 A 19 74 01H 0 31 tot NONE O 67 125 SAI PLUG

169 A 22 74 03H 0 54 45 NONE 0 34 76 SAI PLUG
A 22 74 01H 2 37 23 NONE 0 49 129 MAI

170 A 24 74 02H 1.01 136 Pt 0 39 88 MAI PLUG

171 A 26 75 01H 0 95 78 NONE O 86 159 MM PLUG |

172 A 17 76 01H 0 G5 62 PI O 29 63 MM PLUG
,

'

173 A 20 76 02H 0.94 23 NOTE O 18 139 MM PLUG
174 A 30 76 02H 0 55 27 NONE 0.55 142 SAI PLUG

3

A 30 76 01H 3 27 9 NONE 0 57 157 SM
i 175 A 16 /7 02H 1.00 38 P1 0 47 47 MM PLUG

176 A 23 77 02H 1.16 20 NONE O 41 68 SAI PLUG

i 177 A 24 77 03H 2.35 10 NONE O 29 135 SAI PLUG
178 A 25 77 01H 0 38 31 Pt 024 95 SAI PLUG

179 A 35 77 03H 0 22 45 PI O 22 96 SM PLUG

180 A 4 78 01H 0 52 63 PI O 43 117 MAI PLUG

181 A 10 78 01H 05 103 NONE O6 84 SAI PLUG

182 A 11 78 01H 0 29 36 NONE O4 94 MAI PLUG

183 A 30 78 03H 0 24 40 NONE O 18 58 SM PLUG
A 30 78 02H 0 57 35 NONE 0.3G 123 MM

184 A 4 79 01H 1.49 28 Pt 0 37 1C2 MAI PLUG

185 A 10 79 01H 0.48 65 NONE 0.74 91 MM PLUG

106 A 19 73 01H 1.62 8 NONE O 35 126 SM PLUG

187 A 28 79 02H 1.10 20 PI O 48 55 MAI PLUG

Page 7
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APPENDIX 1 -'
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;.

REVISION 2- SUMMER REPMR PROGRAM (AUGUST 1991)

i B C. B C. B.C. MRPC MRFC MRFC TYPE

. .
, S)G ' ROW COLUMN TSP 10LTAGE PHRSE CN.L VOLTAGE PNASE C M.L REPMR-

, -c . - , , , ..

i
A 8 84 01H 1.35 20 PI O 88 130 MAIj

211 A, 13 84 01H 1.78 24 Pt 0.57 -127 SAI PLUG
4

! .212 A 14 85 01H 0.72 144 NONE O 25 135 MAI PLUG

! 213 A '15 85 tr 44 ' O 25 116 NONE 0.17 145 SAI PLUG
'

A 15 85 DiH - 0 93 35 P1 0.31 112 MM

| 214 'A i 20 85 02H 0.91 16 NONE o 37 21 SAI PLUG

| 215 A 23 85 02H 0.98 16 NONE O 24 127 SAI PLUG

I 216 A 4 86' 03H 0 69 10 NONE 1.7 8 SAI PLUG

! A 4 86 01H 0 82 T7 NONE 0 57 149 SAI

! 217 A 5 86 02H - 0 45 30 NONE 0.75 10 MAI PLUG

f' 218 A 15 86 02H 0.16 21 NONE O3 168 SM PLUG

A 15 86 01H . 03 95 NONE O 34 148 MM
,

219 A 16 86 01H .0 85 26 NONE 0.45 100 SM PLUG

| 220 A 20 86 02H 0 38 127 NONE 0.46 145 SM PLUG

| 221 A , 21 86 01H tl 4ti 143 NONE 021 92 mal PLUG

! 222 A 25 86 01H 0 88 46 NONE O 45 S MAI PLUG

j 223 A 11 87 03H 0 67 11 NONE O 42 60 SM PLUG

l. A 11- 87' 02H 04 34 NONE 0 45 138 SM

f 224 A 15 88 O1H 0.7 31 NONE 0.82 87 MAI PLUG
1 225 A 8 89 01H' O 56 74 PI 032 100 SM PLUG

| 226 A 9 89 05H 039 10 NONE 039 144 SM PLUG

227 A 4 93 01H 09 138 NONE O 55 10 MM PLUG

228 A 5 93 04H 1.04 20 P1 0.19 118 SAI PLUG<

A 5 93 O1H 1.10 41 P1 0 19 106 SAI

1
1-
1

i.
i-

i

.

$
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APPENDtX 1

REVISION 2: SUMMER REPA!R PROGRAM (AUGUST 1991)
B.C. 8 C. B C. MRPC MRPC MRPC TYPE

S/G ROW COLUMN TSP WTAGE PHASE CN.L WTAGE PHASE CALL REPA!R
'

1 B 2 2 03H 1.13 23 NONE 0.32 35 SM PLUG

2 8 6 2 OTH 1 99 8 NONE O 86 154 M AI PLUG

3 8 9 2 02H 3 64 13 NONE O 39 t20 MAI PLUG

4 8 10 2 02H 2 r#i 16 NONE O 45 81 MM PLUG

B 10 2 01H 1.49 32 NONE O 29 85 SMj

5 D 11 2 01H 1 07 52 P1 0 59 104 MM PLUG

6 8 12 2 02H 2 67 16 NONE 0 38 119 MM PLUG

B 12 2 01H 2 88 28 PI 0 34 G3 MM

7 8 11 3 04H 0 97 40 PI 0 45 138 SAI PLUG

B 11 3 03H 1.38 25 PI O 30 66 SAI

B 11 3 02H 1.43 25 NONE o 36 50 SAI

8 8 12 3 02H 2 00 16 NONE 0.39 96 MM PLUG

B 12 3 01H 3 65 36 PI O 31 124 , MAI

9 8 14 3 05H 0 84 29 NONE 0 31 115 SM PLUG

10 8 15 3 04H 0 68 41 Pt 2.53 2 SM PLUG

B 15 3 03H 0 61 21 NONE O 26 97 SM

11 8 6 4 03H 1.07 149 NONE 125 97 SM PLUG

B 6 4 02H 0 59 41 PI 0 34 73 SM

3 6 4 01H 1 08 163 NONE O 59 127 SM

12 B 7 4 02H 1 Of 12 NONE O 99 151 SM PLUG

13 8 9 4 01H 1 41 147 NONE 1.49 149 MM PLUG

14 B 12 4 01H 0 40 71 NONE o ?8 127 SN PLUG

15 8 15 4 05H 0 92 17 NONE D 64 9 SM PLUG

B 15 4 02H 1% 39 NONE O 48 122 SM

B 15 4 01H 0 75 33 NONE 0.37 103 SN

16 8 16 4 02H 220 21 NONE O 79 10 SM PLUG

17 8 to 5 02H 0.50 47 NONE 026 233 MM PLUG

18 8 f1 S 02H 2.62 16 P1 0 44 124 =Al PLUG

19 8 12 5 34H 0 08 13 NONE O 21 92 SAI PLUG

20 B 18 5 OTH 0.74 48 NONE 023 123 SAI PLUG

.

h v
v

w

-
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APPENOtX 1

REVISION 2: SUMMER REPATR PROGRAM (AUGUST 1991)
9 C. B.C. 8.C. MRPC MRPC MRPC TYPE

S/G ROW COLUMN TSP VOLTAGE PHASE CALL WLTAGE PHASE CN.L REPNR
__

67 8 28 12 0?H 2.17 21 PI O 28 43 SAI PLUG

68 8 3 13 03H 0 26 86 NONE 1.30 97 MAI PLUG

B 3 13 02H 1.63 17 P1 1 fi6 15a SAI

E 3 13 01H 1.91 39 Pt 1.35 123 MA!

09 8 4 13 OTH 1.36 6 NONE 018 246 MM PLUG

70 8 5 13 01H 1 08 17 NONE 1.18 143 SAI PLUG

71 B B 13 01H 0 71 17 NONE O 53 06 SA! PLUG

72 B 9 13 O1H 0 99 32 Pt 1.13 123 MN PLUG

73 8 10 13 02H 129 22 P1 0 82 147 SM PLUG

74 8 12 13 01H 1 32 26 PI O 09 114 MAI ? LUG

75 B 14 13 01H 0 55 9' P1 3.55 22 MAI PLUG

76 B 17 13 04H 1.10 14 %NE 0.75 96 MAI PLUG

77 8 27 13 03H 1.47 20 NONE 1J;0 13 MAI PLUG

78 8 28 13 02H 0 97 16 NONE a 83 92 SA! PLUG

79 8 3 14 01H 2.32 23 Pi 0.94 165 MN PLUG

80 B 11 14 01H 0 34 124 P1 0 53 51 SAI PLUG

81 B 14 14 03H 1 04 15 PI O 42 9? SAI PLUG

82 B 20 14 01H 0 41 45 NONE 0.32 148 SAI PLUG

83 8 24 14 04H 1.40 17 NONE 0.37 62 MAI PLUG

B 24 14 02H 0 67 81 NONE O 47 80 (AAI

84 8 25 14 02H 1.94 30 P1 0 29 136 MM PLUG

85 B 26 14 01H 0 95 48 PI O 57 99 MAI PLUG

86 B 29 14 01H 2 02 26 PI 0 42 27 MAI PLUG

87 8 3 15 01H 0 80 21 NONE O 76 88 SAI PLUG

88 8 11 15 01H 0 66 35 Pt 0.56 93 MAI PLUG

89 B 19 15 01H 1.48 24 PI O 06 158 MM PLUG

90 B 20 15 0?H 0 63 38 PI O 29 92 SAI PLUG

91 B 28 15 03H 0 94 29 NONE 027 95 SAI PLUG

92 B 2 16 02H 1.24 25 P1 0 63 137 SAI PLUG

93 B 6 16 01H 0.97 109 PI 0.55 28 MAI PLUG

G 9- 9
- - _ -
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APPENDIX 1

REVISION 2: SUMMER REPA!R PROGRAM (AUGUST 1991)
B C. B.C. 8 C. MRPC MRPC MRPC TYPE

S)G ROW COLUMN TV VOLTAGE PHASE CALL W)LTAGE PHASE CALL REPNR

94 8 10 16 01H 1 21 23 P1 0 34 150 MAI PLUG

95 B 14 16 01H 0 61 39 NONE O 59 134 SAI PLUG

96 B 16 16 03H 1 51 17 PI O 43 101 SAI PLUG

97 8 21 16 04H 0 70 31 NONE 0 31 85 SAI PLUG

B 21 16 02H 1 65 32 P1 0 00 149 M A!

98 8 24 16 USH 1.15 27 PI O 37 15G MA! PLUG

B 24 16 04H 0 88 39 P1 0 45 26 MA!|

B 24 16 03H 0 75 48 Pt 0 35 88 MAI

B 24 16 02H 0 64 144 NONE o 36 88 MAI

|
99 8 32 16 0?H 1 36 32 NONE O 33 W MA! PLUG

! 100 8 4 17 02H 1 06 350 NONE O 56 132 SA! PLUG

101 8 26 17 02H 0 77 54 NONE O 92 92 SAI PLUG

102 B 29 17 01H 0 46 143 P1 0 52 138 MA! PLUG

103 B 4 18 01H 0 67 27 NOPE O 27 101 SA! PLUG

104 8 19 18 03H 0 39 40 NONE O 33 99 SA! FLUG t

10 8 23 18 01H 0 98 143 NONE O 54 127 MAI PLUG

106 8 29 18 03H 0 83 355 NONE O 22 128 SA! PLLG

B 29 18 01H 0 96 82 NONE o 79 81 MM

107 8 5 19 02H 7 5'' 113 PI O 68 140 MAI PLUG

B 5 19 01H 0 88 49 NONE 1 04 32 MAI

108 8 7 19 03H 0 83 187 NONE O 25 47 SAI PLUG

B 7 19 02H 1.73 14 NONE o 27 106 MM

B 7 19 01H 0 35 23 NONE o 64 156 SAI

109 8 11 19 05H 0 19 63 NOPE O 41 139 MAI PLUG

B 11 19 02H 2 48 26 Pt 0 61 167 MAI

110 8 15 19 03H 0 48 141 NONE t 36 165 SAI PLUG |

|

B 15 19 02H 0 46 31 P1 0.55 12 MAI

111 8 21 19 03H 0 ~8 42 NONE 0.53 85 SN PLUG

112 8 25 19 05H 0.57 53 Pt 0.54 122 SAI PLUG

113 B 30 19 03H 0.61 54 NONE O 38 122 SM Pt.UG

78 5 v
v
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APPENDIX 1

REVISION 2: SUMMER REPAIR PROGRAM (AUGUST 1991)
B C. B C. 8 C. ACRPC MRPC MRPC TYPE

h
SjG ROW COLUMN TSP W)LTAGE PHASE CALL H)LTAGE PHASE CALL REPNR

187 8 39 27 05H N.B 16 FI 0.70 154 SAI PLUG

B 39 27 02H 0.5? 64 PI 0.51 102 MAI

ItS8 8 40 27 '1 H 9 84 40 PI O 65 121 MAI PLUG

189 8 11 28 C'4 0 30 11 NONE 018 95 SAI PLUG

19ff B 16 28 04 0.87 31 PI 1.44 127 sal PLUG

19f 8 26 28 0 85 13 NONE O 61 106 mal PLUG""

B 26 28 0/H 0.13 6 NONE o 50 76 SAI

192 8 31 28 C5H 0.43 155 NONE O 29 72 SAI PLUG

193 8 36 28 04H 0 39 32 Pd 0,33 131 mal PLUG

194 8 39 28 02H 0 49 32 FI 0.75 93 MAI PLUG

195 B 40 20 05H U."2 13 PI 0 73 78 fM4 PLUG

f 196 B 21 29 01H 0.84 159 NONE O 95 138 SAI PLUG

197 8 36 29 OTH 0 31 48 NOME 0 50 138 SAI 7 LUG

198 6 5 30 03H 2.18 10 NONE 0.58 125 SA! PLUG

190 B 7 30 01H 0 44 28 NONE 0.44 93 SAI PLUG

200 B 10 30 0tH 0.55 169 NONE O 53 37 SAI PLUG

201 8 11 30 03H 0 31 12 NONE o 51 113 % F1.UG

202 B 13 30 03H 0 55 163 NONE O 38 90 M '') PLUG

203 B 21 30 01H 0 74 172 NONE D 33 90 MAI PLUG

204 8 30 31 02H L29 9 NONE 0.31 115 SAI PLUG

205 B 33 31 02H 1.66 '11 NONE 0.41 117 MAI PLUG

206 8 36 31 02H 0 89 21 Pt 0 53 141 SAI PLUG

207 8 38 31 02H 1.51 16 NONE O 31 108 SAI PLUG

208 8 4 32 03H 126 1 NONE 0.57 144 SAI PLUG

B 4 32 02H 1.48 1 NONE 1 01 183 SAI

209 B 11 32 03H 0.52 40 NONE 0.35 141 M AI PLUG

B 1f 32 02H 0 57 22 NONE 0.25 87 mal

210 B 25 3? 04H U.57 17 NONE 0.44 135 SAI PLUG

211 B 10 33 01H O 82 56 Pt 1.54 80 SA! PLUG

212 B 40 33 03H 2.90 44 P1 0.45 119 MM PLUG

.

Je 9
w -

w
w
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REVISION 2: SL W ' DROGRASA (AUGUST 1991)
B.C. B C. B C. MRPC MRPC MRPC TYPf:

S)G ROW COLUkN TSP VOLTAGE PHASE CALL VOLTAGC PH.tSE CALL REPNR

Skt PLUG
213 B 39 34 02H 0 49 51 NONE 1.17 161

214 8 42 34 02H 1.C 57 PI O 26 98 MAI PtUG

215 8 4 35 03H 1.57 171 NONE O 42 78 SAI PLUG

216 8 18 35 01H 0 64 39 NONE 0.70 168 MA1 PLUG

217 8 32 35 02H 1.42 19 NONE 0.32 31 SAI PLUG

218 B 41 35 03H 0.41 117 PI O 56 144 SM PLUG

B 41 35 0?H 1.98 16 PI O 68 131 SAI

219 8 2 36 03H 0.53 23 NONE O 61 147 SAI PLUG

B 2 3S 02H 1.01 25 NONE D 23 98 SAI

220 B 8 36 02H 0 45 46 P1 0 35 76 SAI PLUG

221 B 16 36 01H 0.44 69 PI 0.73 96 SAI PLdG

222 8 27 36 02H 0 69 34 Pl O 42 129 MAI PLUG

223 8 30 36 04H 0 26 3 NONE O 25 $9 MAI PLUG

224 8 41 36 03H 0.68 37 PI 0 36 156 M AI PLUG

B 41 36 02H 2.09 37 PI 6 61 150 MAI

B 41 30 01H 0 85 15 NONE O 48 170 SAI

225 B 44 36 01H 1.04 59 P1 00 128 M AI PLUG ;

|

226 8 12 37 03H 058 158 NONE 03G 157 MAI PLUG

B 12 37 02H 1.11 50 PI O 51 168 sal

227 8 13 37 02H 0.43 133 NONE 0.47 139 SAI PLUG

228 8 15 37 03H 0.55 8 NONE 0.43 5 SAI PLUG

B 15 37 01H 0 63 93 PI 057 145 MAI

229 8 21 38 01H 0 BG 26 NONE O 40 145 M AI PLUG

230 8 22 38 05H 0.76 74 NONE 0.13 116 MAI PLUG

B 22 38 04H 0 48 3 NONE 0.21 154 SA!

B 22 38 01H 0.78 36 PI 0.19 29 MAI

231 8 36 38 '12H 0.78 56 PI 0.37 39 sal PLUG

B 36 38 01H 0.74 12 NONE 051 132 MAI

232 8 40 38 C3H 1.84 28 P1 0 44 i41 sal PLUG

B 40 38 02H 0M1 57 Pt 0.34 77 M AI

O
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REVISION 2: SUMMER REPAIR PROGRAM (AUGUST 1991) *

8.C. B C. B.C. MRPC MRPC MRPC TYPE

S/_G._ _- - ,_,
ROW COLUMN TSP WTAGE PHASE CN.L WTAGE PHASE _CAtL REPA6R

m.s , 7

B 40 38 01F1 0 62 5 NONE 0.67 149 sal
233 B 41 38 02H 2.93 21 PI 0.60 138 MM PLUG

*234 8 42 38 02H - 1.19 39 Pi 0 39 84 MAI PLUG
235- B 43 38 01H 0 84 31 NONE 0.66 138 MAI PLUG ;

236 B 5 39 02H 025 146 NONE O 32 135 SAI PLUG''
B 5 39 01H 2.36 3 NONE 0.44 423 SM

237 8 8 . 39 05H 0,91 11 NONE O 27 48 MM- PLUG
,

;
*

B 8 ' 30 04H 1.56 34 PI 025 124 MAI

B 8 . 39 01H 2.41 39 PI 0.53 116 MAI '

B 8 39 01H 1,08 151 NONE 0.73 34 MAI i

*

238 8 11 39 02H 0.42 45 NONE O 29 78 SAI PLUG
239 8 12 39 03H 0.80 31 Pi 0 30 75 MAI PLUG
240 B 15 39 OlH 0.74 5 NONE 0.91 159 sal PLUG
241 B 26 39 01H 0.59 25 NONE 0.71 16 MAI PLUG
242 8 29 39 02H 0 86 19 NONE 0.58 45 SAI PLUG
243 B 30 39 01H 0.77 36 NONE O 29 137 sal PLUG i
244 B 32 39 OSH 0 22 328 NONE O 25 59 a PLUG |

B 32 39 02H 0.49 35 NONE O 42 139- SAI !

245 8 38 39 OSH 0.44 47 NONE 0.48 77 SAI FLUG [
246 0- 39 39 02H 0.58 52 NONE 028 128 SAI PLUG |
247 8 40 39 02H 0.52 135 NONE 0.78 146 SAI PLUG [

248 8 11 40 02H 0.90 37 PI 0.76- 16 MAI PLUG }
249 8 30 40 03H 0.14 66 NONE 0.42 141 SAI PLUG '

250 B 31 40 01H 1.21 14 NONE 0.94 145 SAI PLUG
"

251 B 32 40 05H 0.52 45 NONE 0.39 125 SAI PLUG
B 32 40 02H 1.97 26 FI 0.57 85 MAI |

252 B 33 40 05H 0.68 14 NONE 0.44 139 SAI PLUG ;

B 33 40 04H 0.30 46 NONE 0.61 103 SAI I

B 33 40 034 0.51 13 NONC 0.56 57 sal i

B 33 40 01H 0.60 24 NONE O.79 145 SAI J !

je11 !

w w w
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,

REVISION 2: SUMMER REPAIR PROGRAM (AUGUST 1991)
B.C. B.C. B.C. MRPC MRPC MRPC TYPE

_., /G ROW COLUMN TSP MOLTAGE PHASE CALL W)LTAGE PHASE CALL REPMR
S ,

253 8 36 40 04H 0.82 21 NONE O 59 138 MAI PLUG

254 8 37 40 OSH 0.55 16 NONE 0.74 151 SAI PLUG

B 37 49 04H 0.87 21 NONE 0.48 55 SAI

255 B 38 40 02H 0 76 150 NONE 0.71 132 SAI PLUG

256 B 43 40 02H 2.15 39 PI 0.55 119 MAI PLUG

257 B 45 40 03H 0.55 59 NONE 052 130 SAI PLUG

258 8 5 41 03H 126 173 NONE O 27 39 SAI PLUG

259 B 11 41 02H 0 84 36 PI O 48 91 mal PLUG

260 B 18 41 01H 0 47 23 NONE O 28 88 SAs PLUG

261 B 29 41 02H 0 82 23 NONE O 60 121 SAI PLUG

262 B 32 41 02H 0 87 34 NONE 0.54 145 SA1 PLUG

263 B 33 41 04H 0.91 18 NONE O 60 104 MAI PLUG

264 B 45 41 02H 0 44 69 PI 0.54 99 MAI PLUG

265 8 46 41 03H 1 82 30 PI O 36 109 sal PLUG

B -% 41 01H 1.55 34 NONE 0.54 87 SAI

266 B 5 42 05H 0,72 15 NONE 0.36 72 SAI PLUG

267 8 7 42 01H 0 41 7 NONE O 42 141 SAI PLUG

268 8 8 42 04H 1.06 2 NONE O 31 77 sal PLUG

269 B 15 42 01H 026 173 NONE 0 31 145 SAI PLUG

270 B 19 42 01H 0 87 14 NONE O 87 162 SAI PLUG

271 B 32 42 02H 0 79 34 NONE 0.30 119 SAI PLUG

272 B 34 42 02H 1.13 34 NONE O 49 105 SAI PLUG

273 B 40 42 02H 2.12 42 NONE O 43 42 SAI PLUG

274 B 42 42 02H 120 15 NONE O 27 111 mal PLUG

275 B 45 42 02H 0.67 45 NONE 027 112 MAI PLUG,

276 B 4 43 02H 0 67 1 NONE O 26 78 SAI PLUG

277 B 14 43 05H 1.96 142 PI 0.30 79 MAI PLUG

B 14 43 04H 0.46 91 NONE 0.56 167 SAI

B 14 43 03M 0.46 25 NONE 029 48 MAI

278 8 28 43 03H 0.38 72 NONE 026 109 MAI PLUG

12

_
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REVISION 2: SUMMER REPAlR PROGRAM (AUGUST 1991)
B C. B C. B.C. MRPC MRPC MRPC TTPE

S/G ROW COLUMN TSP VOLTAGE PHASE CALL VOLTAGE PHASE CALL REPAIR

279 B 31 43 01H 0 63 37 NONE 0.46 14 MAI PLUG

290 B 33 43 01H 1 G3 31 NONE 0.35 48 SAP PLUG

281 B 35 43 02H 0 95 18 NONE 0.45 3G SAI PLUG

282 B 37 43 02H 0 30 103 NONE 0.36 #3 MA! PLUG

283 8 41 43 01H 1 20 19 NONE O 64 17 SAI PLUG

284 8 42 43 02H 1.44 15 NONE O 41 84 MA! PLUG

285 B 44 43 0?H 1 63 22 NONE O 40 138 MA! PLUG

28G B 3 44 02H 0 48 42 NONE O 32 118 SAI PLUG

B 3 44 01H 1 00 29 NONE 0.37 145 MAI

287 B 4 44 04H 0 63 29 NONE O 21 81 SAI PLUG

288 B 5 44 0?H 1.95 11 NONE 0.31 37 sal PLUG

289 B 21 44 03H 2.78 181 NONE 0.52 61 SAI PLUG

B 21 44 02H 2.65 21 NONE O 33 87 MAI
,

290 B 34 44 02H 1.25 171 NONE 0.30 58 SAI PLUG

291 B 43 44 03H 0 53 42 NONE O 74 155 SAI PLUG

292 8 6 45 01H 1.54 16G NONE 0.59 122 SAI PLUG

293 8 6 43 02H 0 72 35 Pt 0 63 128 SAI PLUG

294 8 18 46 01H 1.95 3 NONE 0.57 129 SAI FLUG

295 B 2 47 01H 0 78 138 NONE O 84 64 SAI PLUG

296 8 34 47 03H 0 24 12G NONE 0.73 06 MAI PLUG

297 B 35 47 05H 0 29 92 NONE O 72 121 SAI PLUG

B 35 47 02H 1.80 2G PI 0.98 134 MAI

298 B 39 47 02H 1.93 32 P1 0.45 72 MAI PLUG

299 B 3 48 02H 2.15 5 NONE 0.39 74 SAI PLUG

300 B 10 48 03H 0 61 20 NONE O 39 141 SAI PLUG

301 B 33 48 04H 0 09 349 NONE 0.44 95 SAI PLUG

302 B 39 48 02H 1 65 24 FI 0.71 143 SAI PLUG

303 8 42 48 02H 0 85 51 PI 0.43 111 MAI PLUG

304 B 46 48 03H 0.38 15 NONE 0.35 111 MAI PLUG

305 B 10 49 03H 0.47 30 NONE 1.01 155 SAI PLUG

e

w 13
w v w
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|

REVISION 2: SUMMER REPAIR PROGRAM (AUGUST 1991)
8.C. B.C. B.C. MRPC MRPC MRPC 1TPE

SjG ROW COLUMN TSP VOLTAGE PHASE CALL VOLTAGE PHASE CAU. REPAIR

306 B 13 49 02H 1.04 22 NONE 0.63 35 SN PLUG

307 8 42 49 02H 1.39 32 P1 0 95 131 MAI PLUG

308 B 46 49 OSH 0.93 3 NONE 0.53 114 SAI PLUG

309 B 3 50 01H 0.24 53 NONE 0.50 98 SAI PLUG

310 B 23 50 03H 0 84 27 NONE 0.44 80 MAI PLUG

311 B 32 50 02H 0 81 42 NONE 0.94 156 sal PLUG

312 B 11 51 04H 1.30 16 NONE O 69 143 SAI PLUG

313 8 16 51 02H 1.26 48 Pl O 48 118 mal PLUG

B 16 51 01H 0.57 101 NONE O 91 121 SAI

314 8 20 51 01H 1.38 23 NONE 0.50 111 MAI PLUG

315 B 24 51 02H 1.32 12 NONE O 44 126 sal PLUG

316 B 37 51 02H 1.33 36 NONE 0.70 144 MAI PLUG

317 8 38 51 02H 0 87 34 NONE O 50 167 MAI PLUG

318 8 8 52 04H 0.50 56 NONE O 60 51 MA) PLUG

319 8 22 52 03H 0.56 20 NONE O 40 122 SA! PLUG

320 0 25 52 02H 0 30 39 NONE 1.13 136 SAI PLUG

321 B 39 52 05H 0.18 347 NONE 0.46 62 SAI PLUG

322 B 43 52 02H 1.20 26 NONE 0.97 78 MAI PLUG

323 B 2 53 01H 054 30 NONE O 62 106 SAI PLUG

324 8 13 53 02H 0 61 22 NONE 0.30 82 SAI PLUG

325 B 17 53 01H 1.10 19 NONE 0.48 136 MAI PLUG

326 B 28 53 02H 1.63 12 NONE 1.66 165 MAI PLUG

327 B 37 53 02H 0.58 29 NONE 0.58 135 SAI PLUG

328 B 5 54 01H 0.20 142 NONE 0.Si 53 SAI PLUG

329 0 38 54 02H 1.81 9 NONE O 48 115 MAI PLUG

330 B 40 54 03H 0.56 48 NONE 0.38 102 MAI PLUG

331 B 37 55 04d 0.70 31 NONE O 69 99 MAI PLUG

332 B 2 56 02H 0 99 345 Pt 1.36 28 MAI PLUG

B 2 56 01H 0.00 107 NONE 0.61 107 SAI

333 B 7 56 01H 0.39 66 NONE 0.84 102 SAI PLUG

14
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REVISION 2: SUMMER REPAIR PROGRAM (AUGUST 1991)
B C. B.C. B.C. MRPC MRPC MRPC 77PE

.' S/G.. -. . -- ,-- .,_- ,, .
ROW COLUMN -ISP \CLTAGE PHASE CALL \CLTAGE PHASE CM.L REPAWt

n .

_.

334 B 12 56 03H 0 63 27 NONE 0.76 34 SAI PLUG
335 B 2 57 .02H- 5.72 183 Pl 1.96 149 SM PLUG ,

'

336 8 8 57 ' 03H 0 31 37 NONE O 63 133 SAI PLUG
337- B 9 57 02H 1.45 14 NONE. 0.72 ' 143 ' SAI PLUG .

338 8 10 57 01H 051 168 NONE 0.98 142 SAI PLUG [
-339 8 30 57 02H 0 48 107 NONE 0.74 53 MAI PLUG

340 B 45 57 02H 1.44 18 NONE O 61 62 SAI PLUG t

341 B 24 SCL 02H 0.77 35 NONE O 95 84 MAI PLUG
342 B 41. 58 04H 0.75 54 P1 0.45 129 SAI PLUG !
343 8 17 60 01H 0.77 25 NONE. 0 60 '126 MAI PLUG !

,

'

344 8 41 60 02H 1.94 9 NONE 0.52 118 SAI PLUG .

345 B 21 61 03H 0.75 135 NONE O G5 100 MM PLUG !

! 346 8 39 61 02H 1.63 25 NONE 0.43 145, SAI PLUG ;

| 347 8 3 62 02H 2.17 13 NONE O 38 90 MM PLUG |
| B 3 62 01H 129 25 P1 0.45 113 MAI

'

348 B 11 62 01H 0.71 14 NONE 0.44 34 SAI PLUG
349 8 14 63 01H 0 69 171 NONE 0.46 125 MAI PLUG t

350 B 31 63 '02H 0 39 38 NONE 054 115 SAI PLUG

351 B 39 63 02H 051 30 NONE 0.31 131 SAI PLUG I

352 B 42 -63 02H 176 26 NONE O 36 133 SAI PLUG
7

B 42 63 01H 1.1 , 35 NONE 0 37 61 SAI

353 B 6 64 01H 0. . i 49 NONE 028 91 MAI PLUG r

354 8 36 64 02H 2.81 20 NONE 0.56 136 MAI PLUG

355 B 41 64 02H 1.07 38 NONE 031 110 SA! PLUG

356 8 42 64 02H 1.88 42 NONE 0.69 62 MAI PLUG
357 8 2 65 01H 0.59 63 NONE 0.47 126 SAI PLUG |
358 8 to 66 02H 0.89 22 NONE 0.53 129 MAI PLUG j

359 8 37 67 03H 1.22 19 NONE 0.41 159 SAI PLUG }
360 B 29 68 024 0.35 80 PI 0.60 59 SAI PLUG ;

361 B 4 69 01H 1.12 22 NONE 057 149 SAI PlyG

i
p 15

v v w ,
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APPENDIX 1

REVISION 2: SUMMER REPAIR PROGRAM (AUGUST 1991)
3 C. B.C. 8 C. MRPC MRPC MRPC TYPE

S/G ROW COLUMN 75P WLTAGE PHASE CALL WLTAGE PHASE CALL REPAIR
_ . _

,

362 8 20 69 02H 0 52 30 NONE O 35 154 SAI PLUG

363 8 28 69 02H 1.04 356 NONE O 88 19 SA! PLUG

364 8 3 10 02H 0 91 15 NONE 1.15 154 MAI PLUG

B 3 70 01H P 76 22 P8 2.17 163 MAI

365 B 8 70 02H 1.12 27 NONE O 81 1G3 MAI PLUG

B 8 70 01H 0 50 46 NONE O 58 48 SA!

366 B 17 70 01H 1.84 26 Pl 1 46 345 MAI PLUG

367 8 22 70 03H 1 86 r4 PI O 55 137 MAI PLUG

368 8 26 70 02H 1 66 12 NONE O 64 161 SAI PLUG

369 8 38 70 01H 0 93 32 PI 0.16 102 SAI PLUG

370 8 10 71 02H 0 60 71 NONE 0.54 09 MAI PLUG

371 B 19 71 02H d20 351 NONE 0.38 55 SAI PLUG

372 8 34 71 02H 0 GG 80 Pl 1.23 159 MAI PLUG

373 B 8 72 01H 0.58 54 NONE 0.44 105 MAI PLUG

374 8 29 72 02H 0.44 82 NONE O 49 141 MAI PLUG

375 B 38 72 01H 1.55 79 Pt 0.31 114 PID PLUG

376 8 34 73 01H O 64 54 NONE 1.02 35 MAI PLUG

377 8 5 74 02H 0 60 16 NONE O 42 97 SAI PLUG

378 8 22 74 02H 0.10 98 NONE O 56 109 SAI PLUG

379 8 37 J4 01H 0.95 00 NONE O 62 123 SAI PLUG

380 B 3 76 01H 0 26 151 NONE 0.39 33 MAI PLUG

381 B 7 7Ti 01H 0 85 68 NONE O 84 41 SA! PLUG

382 B 5 77 01H 0 86 30 NONE 0.30 98 SAI PLUG

383 B 4 78 01H 0.75 14 NONE 1.07 34 MAI PLUG

384 0 11 78 01H 1.75 25 PI 0.90 35 MAI PLUG

385 B 33 78 01H 7.40 178 Pl 1.27 131 MAI PLUG

386 B 9 79 02H 0.45 83 NONE 051 83 MAI PLUG

B 9 79 01H 0.C3 32 FI 0.84 131 SAI

387 B 13 79 02H 0.45 341 NONE 0 57 140 SAI PLUG

388 8 22 79 02H 0 86 86 PI 0.94 147 MAI PLUG

O 6<s e
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REVISION 2: SUMMER REPAIR PF.OGRAM (AUGUST 1991)
, B.C. B.C. 8 C. MRPC MRPC MRPC TYPE

S)G ROW COLUMN TSF WLTAGE PH.ASE CALL WLTAGE PHASE CALL REPAIR

389 8 30 79 02H 113 30 PI O 35 127 M Al PLUG

390 B 26 80 02H 1.18 22 PI O 30 81 SAI PLUG

391 B 31 80 O!H 1ra 23 P1 0 47 118 MAI PLUG

392 0 14 81 02H 0 63 37 PI O 41 97 MAI PLUG

393 8 21 81 04H 1.13 21 Pt 0.47 157 FID PLUG

394 8 31 81 02H 1.46 30 NONE O 58 85 MAI PLUG
|

~ 395 8 10 83 01H 0 26 42 NONE 0.59 146 SAI rtUG
|

396 0 28 83 02H 1.06 69 NONE o 55 62 SAI PLUG

397 8 29 84 02H 1.09 22 NONE O 42 155 SAI PLUG

398 8 15 85 03H 0 90 22 NONE 0.58 147 SAI PLUG

399 B 17 85 03H 0 99 20 P1 0 63 130 M AI PLUG

400 B 20 85 02H 0 54 132 NONE O 88 139 SAI PLUG

401 8 5 BG 03H 0 63 31 NONE o 59 134 SAI PLUG

402 B 21 86 01H 1 04 43 NONE O 82 72 MAI PLUG

403 8 9 87 02H 0 36 79 NONE O 47 98 SAI PLUG

B 9 87 01H 1.09 9 NONE O 75 157 SAI

404 8 10 87 01H 1 27 7 NONE O 46 145 SAI PLUG

| 405 B 13 87 02H 1.47 18 NONE O 62 37 SAI PLUG

406 8 15 87 02H 1.14 26 PI O 81 134 SA! PLUG

407 8 21 87 02H 0 87 137 NONE 1.55 122 M AI PLUG

408 6 5 88 02H 0 82 36 NONE 037 76 SAI PLUG

409 8 9 89 01H 1.14 39 NONE O 44 137 MAI PLUG

410 B 10 89 02H 0 49 40 PI 031 57 SAI PLUG

411 B 14 89 01H 0 82 35 PI 0 34 126 MAI PLUG

412 B 19 89 01H 3 16 23 PI O 27 131 MAI PLUG i

413 8 6 90 02H 0 70 162 PI 0.46 90 MAI PLUG

414 8 10 90 01H 1.96 9 NONE 031 78 SAI PLUG

415 B 12 90 02H 1.56 27 NONE 032 91 SAI PLUG

B 12 90 01H 1.95 19 NONE 020 101 MAI

416 B 14 90 02H 1.54 21 PI 0.19 106 M AI P1,0G

v 17
w

w
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REVISION 2: SUMMER REPAIR PROGRAM (AUGUST 1991)
B.C. B C. B C. MRPC AWPC s'K."C TYPE

S/G ROW COLUMN TSP WLTAGE PHASE CALL WLTAGE PHASE CALL REPNR
,

417 B 15 90 02H 2.88 21 P" 0.19 95 MAI PLUG

B '15 90 01H 1.06 28 NONi 0.38 93 MAI

418 8 19 90 01H 2.03 22 NONE O 28 89 SAI plt >G

419 3 8 91 01H 0 62 132 NONE 1.09 104 SAi PLUG

420 B 9 91 02H 0.51 4 NONE 9.54 128 SA! PLUG

B 9 91 01H 1.16 14 NONE 0.80 129 SAI

421 B 14 91 03H 0 92 358 NONE 0.49 111 SA! PLUG

422 9 7 92 02H 2.75 26 NONE 1.66 94 SAI PLUG

423 8 10 92 02H 3.07 14 FI O 89 131 SAI PLUG

424 B 11 92 02H 0.56 27 NONE 0.54 106 SA! PLUG

425 B 13 92 01H 0 44 51 NONE O_9e 59 SAI PLUG

18
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REVISION 2: SUMMER REPAIR PROGRAM (AUGUST 1991) .

B.C. B.C. B.C. MRPC MRPC MRPC 7YPE I

ROW COLUMN ' TSP WOLTAGE PHASE CALL - VOLTAGE PHASE CALL REPMR
S/G.. --. _

,
,

1 C 6 4 01H 0 26 30 NONE 0.62 180 SM PLUG ;

2 C. 10 4 05H 0 38 23 NONE 0.48 134 SAI SLEEVE

3 C 12 4 03H. 0.56 29 NONE 0 56 141 SAI SEEVE

4 C 14 4 05H 0 47 ::1 NONE 0.23 59 SAI SLEEVE

5 C 16 4 05H 0 53 33 NONE 0.34 154 MAI SEEVE 1

6 C 3 .- 5 04H 0 60 8 NONE 0.78 166 SAI SEEVE

7 C 10 5 02H 0 97 24 NONE o 23 86 Sm PLUG

f8 C 12 5 OSH 0.50 . 12 NONE 0.50 146 MAI PLUG

C 12 5 03H 0 23 203 NONE O ?S 85 MAI

9- C 19 5 O?H 0 65 23 NME e 46 37 SAI SEEVE i

10 C 6 6 02H 0.71 18 NONE O 31 128 SAI PLUG
*

11 C 11 6 02H 0.57 4 NONE 0.30 47 SAI SEEVE

12 C 12 6 01H 0 61 151 NONE 0.38 146 SAI PLUG

13 C 18 6 02H 0.16 146 NONE O 32 28 MM SEEVE :
'

14 C 21 6 02H 1.00 7 NONE 1.07 153 SAI PLUG

15 C 12 7 02H 0 65 to NONE O 32 127 SAI SEEVE

16 C 17 7 02H 0.90 4 NONE 0.61 155 SAI SEEVE

17 C 19 8 02H 0 85 158 NONE 0.61 158 SAI PLUG

18 C 22 8 02H 1.80- 7 NONE 1.42 to SAI SEEVE

19 C 9 9 OSH 0.28 9 NONE 1.46 156 MM SEEVE !

20 C 12' 9 03H 0.30 165 NONE 0.99 40 SAI SEEVE

21 C 13 9 02H 0 65 56 .NONE 1.76 16 SAI SEEVE

22 C 23 9 01H 1.41 15 NONE 0.41 38 SAI SEEVE

23 C 11 10 02H N/A F8/A. NONE 0.31 243 SAI SEEVE

24 C 12 10 02H N/A N/A NONE 0.17 67 sal SEEVE

25 C 16 10 05H 0.41 33 NONE 0.21 132 SAI SEEVE i

26 C 18 10 02H 0.95 13 NONE 0.35 127 SAI SEEVE

27 C 19 10 03H 0.39 37 NONE 0.50 27 SAI PLUG- .

C 19 10 02H 0.71 167 NONE 0.56 25 SAI

28 C 20 10 03H 0.67 79 P1 0.38 79 sal SEEVE ,

i

i

Page1
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REVISION 2: SUMMER REPAIR PROGRAM (AUGUST 1991)
8 C. 8 C. 8 C. MRPC MRPC MRPC TYPE

S/G ROW COLUMN TSP WLTAGE PHASE CALL WLTAGE PHASE CALL REPNR

29 C 4 11 01H 0 83 40 NCNE 0.58 118 MAI SLEE'd
30 C 28 11 0?H 0.15 f.3 NONE 0.35 118 SAI SEEVE
31 C 8 14 04H 0.45 24 NONE 0.46 145 SAI SEEVE
32 C 12 15 02H 0.73 56 PI O 65 97 MAI SLEEVE

33 C 30 15 02H 1.21 2 NONE O 21 78 SAI SLEEVE

34 C 12 16 02H 1.37 17 NONE 0.15 93 sal SLEEVE

35 C 18 16 04H 0 45 3 NONE o 21 45 SAI SEEVE
36 0 19 16 02H 1.53 42 PI O 56 63 SA! S& EVE

37 C 33 16 05H 0.91 0 NONE o 29 163 MAI SLEEVE

38 C 20 17 02H 1.12 28 NONE O 52 117 SAI SEEVE
39 C 34 17 01H 0 32 19 NONE 0.77 68 MAI PLUG

40 C 21 18 02H 1.09 34 NONE 0.49 81 SAI SEEVE
41 C 28 18 02H 2 88 22 PI 0.30 71. MAI SEEVE
42 C 30 18 02H 0.92 18 NONE 0.93 150 SAI SEEVE

43 C 31 18 01H 0 8G 45 NONE 1.29 115 SAI PLUG

44 C 7 19 02H 1.08 44 P1 0.76 81 SAI SEEVE
45 C 11 19 02H 0 83 4 NONE 0.33 77 SAI S& EVE

46 C 27 19 02H 0 40 148 NONE 0.19 101 MAI SEEVE
47 C 15 21 02H 0.38 184 NONE o 45 137 SAI PLUG

48 C .7 21 02H 0.27 18 NONE 0.49 107 MAI SEEVE

49 C 19 21 03H 0 51 4 NONE O 52 85 MAI PLUG

C 19 21 02H 0 BG 24 NONE O 42 94 SAI

50 C 20 21 03H 0.25 28 PI 0.22 88 SAI PLUG

C 20 21 02H 0 81 14 NONE 0.43 78 SAI

51 C 32 21 02H 0.17 109 PI 0.41 119 SA! SLEEVE

52 C 34 21 02H 1.07 45 PI 0.67 86 MAI PLUG

C 34 21 01H 1.05 46 PI 0.46 128 MAI

53 C 38 21 02H 1.30 27 Pt 0.48 107 SAI SEEVE
54 C 17 22 02H 0 09 15 NONE 0.37 138 5N SEEVE

55 C 22 22 02H 0 64 35 NONE 0.37 117 M AI PLUG

G G.2 O_- -
_
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APPENDIX 1

REVISION 2: SUMMER REPAIR PROGRAM (AUGUST 1991);;
8.C. B.C. -B.C. MRPC MRPC MRPC 11PE

S/G ROW COLUMN TSP WXTAGE PHASE CN.L WN.TAGE PHASE CALL REPAIR
,

_ ,
_

,

56 C 30 22 - 02H 1 67 54 PI O 54 118 MAI SEEVE ''

57 C 2 23- 03H 0.71 26 NONE O 28- 113 SAI PLUG

C 2 23 02H 0 61 47 NONE 0.58 -160 MAI

58 'C- 11' 23 02H 0.40 357 NONE 028 102 SAI PLUG
'

59 C 12 23 02H 0 41 56 NONE 0.36 142 MAI SLEEVE

60 C 13 23 02H 0 62 91 PI 0.35 131 MAI SEEVE -

61 C 14 23 02H 0 80 180 NONE O 29 125 MAI SEEVE

G2 C ~ 17 - 23 04H 1.27 17 PI O 22 102 MA! PLUG

C 17' 23 03H 0 84 31 NONE o 63 137 MAI

C 17 23 02H 1.19 19 P1 0 22 91 MAI

63 C 21 23 03H -1.14 14 NONE 0.51 116 SAI PLUG ';

C: 21 23 02H 0.57 115 NONE O 54 67 sal
C 21 23 01H 0.30 115 NONE O 31 112 sal ;'

64 C 23 23 OSH 0.47 154 NONE 0.41 106 SAI SEEVE '[
65 C. 26 23 02H 0 48 46 PI- 0.40 128 MAI SEEVE j

66 C 39 23 '01H- 0 96 21 PI 0.31 101 SA! SEEVE [

67 C 2- 24 02H 0.93 25 ~ NONE 0.22 83 SAI SEEVE i

68 C 4 24 04H 0.75 352 NONE o 33 28 SA! SLEEVE

69 C 5 24 02H 0 30 42 NONE 0 68 27 SAI PLUG i

C 5 24 01H 078 121 NONE 0.17 67 SAI ;

70 C 9 24 02H 037 67 NONE 0.34 149 SAI SEEVE !

(71 C 15 24 02H 0 63 46 NONE 0.34 t51 SAI SEEVE -

72 C 27 24 02H 2.51 19 PI 0.52 133 mal SLEEVE

73 C. 29 24 03H 1.56 12 NONE 0.40 34 SAI SLEEVE .j
74 C 32 24 01H 124 47 P1 0 42 79 mal PLUG

75 C 39 24 03H 127 28 NONE 029 74 MA! PLUG

C 39' 24 02H 1.81 64 P1 0 67 139 MAI ,

!
C 39 24 01H 0.54, 45- NONE o 33 32 MAI

76 C 8 25 02H 0.19 57 NONE 0.22- 136 SAI . SLEEVE

77 C 14 25 03H 0.56 41 NONE 0.38 129 sal SLEEVE !,,

j .

:

!
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REVISION 2: SUMMER REPAIR PROGRAM (AUGUST 1991)
B.C. B C. B.C. MRPC MRPC MRPC 1YPE

SjG ROW COLUMN TSP WLTAGE PHASE CALL WLTAGE PHASE CALL REPAIR

78 C 20 25 03H 1.18 23 NONE O 25 63 MAI SLEEVE

79 C 26 25 02H 0 89 15 NONE O 14 64 SAI SLEEVE
80 C 33 25 03H 0 83 170 NONE O 48 152 MAI PLUG

C 33 25 02H 0 39 94 NONE 0.28 108 SAI

81 C 34 25 03H 0 95 49 NONE O 16 97 MAI PLUG
82 C 35 25 02H 0 52 64 NONE 0.35 16 SAI SLEEVE

83 C 5 26 02H 0 47 16 P1 0 12 113 SAI SLEEVE

84 C 6 26 02H 0.53 34 NONE O 16 91 M AI SLEEVE

85 C 9 26 62H 0.19 116 NONE 0.11 136 SAI SLEEVE

86 C 14 26 02H 0 45 80 NONE 0.19 40 SAI SEEVE
87 C 29 26 02H 0 67 29 NONE O 13 147 MAI SLEEVE

88 C 41 26 01H 0 94 26 NONE 0.31 135 MAI SLEEVE

89 C 9 27 04H 0 84 33 NONE O 27 143 , SAI PLUG

C 9 27 02H 1.07 36 PI O 21 137 SAI

90 C 10 27 03H 0.98 16 NONE 0.20 83 MAI SLEEVE

91 C 12 27 02H 0 76 6 NONE 0.12 49 SAI PLUG

C 12 27 01H 0 84 15 NONE 0.24 75 sal
92 C 15 27 02H 0 63 15 NONE O 24 109 MAI SLEEVE

93 C 18 27 02H 1.54 19 PI O 27 105 MA! SLEEVE

94 C 19 27 04H 0 96 3 NONE 0.17 103 SAI PLUG

C 19 27 03H 0 24 61 NONE 0.40 136 MAI

C 19 27 02H 0 07 78 NONE 0.27 58 MAI

95 C 38 27 02H 0 67 111 PI O 46 131 MAI SLEEVE

96 C 39 27 01H 0 73 15 NONE 0.13 121 MAI SLEEVE

97 C 12 28 03H 0.16 90 NONE O 41 164 SAI SLEEVE

98 C 18 28 02H 0.40 37 PI O 42 72 MAI SLEEVE

99 C 28 28 02H 1.61 22 PI 0 68 147 SAI SLEEVE

100 C 42 28 01H 0 34 170 NONE 0.32 45 sal SLEEVE

101 C 7 29 01H O 67 48 NONE 051 15 MAI PLUG

102 C 10 29 01H 0.67 43 NONE O_51 86 MAI SLEEVE

ge 4
_ _ _

= . - - - -
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REVISION 2. SUMMER REPA!R PROGRAM (AUGUST 1991)
B C. B C. B.C. MRPC MRPC MRPC TYPE

S/G ROW COLUMN TSP WLTAGE PHASE CALL WLTAGE PHASE CliL REPNR

103 C 18 29 02H 0 21 33 NONE D 22 90 MA: SLEEVE

104 C 23 29 02H 0.89 37 NONE O 17 117 MAI PLUG

C 23 29 01H 0 86 32 NONE 031 37 SAI

105 C 30 29 02H 0 49 178 NONE 1.17 166 SAs plt,G

106 C 34 29 02H 0 59 17 NONE O 49 147 SAI SLEEVE

107 C 36 29 02H 1.35 30 NONE O 22 122 M AI PLUG
|

C 36 29 01H 0 25 79 NONE O 24 66 SAf

108 C 3 30 03H 0 18 5 NONE O 20 119 SAI STEEVE

109 C 5 30 02H 0 55 170 NONE o 25 110 MAI PLUG

C 5 30 01H 0 40 33 NONE O 27 92 MA!

' 110 C 7 30 01H 0 91 32 PI O 65 93 SAI SLEEVE

111 C 17 30 03H 0 59 9 NONE o 23 106 SAF SEEV"

112 C 18 30 02H 0 ml 10 NONE O 52 151 SAI SEEVE

113 C 21 30 03H 0 39 26 NONE O 32 53 SA! SEEVE'

114 C 27 30 04H 0% 15 NONE 0.32 156 M AI PLUG

C 27 30 02H 0 58 69 ~ YJNE O 21 97 MAI

115 C 28 30 02H 0.72 34 NONE O 28 112 SAI SEEVE
I

116 C 43 30 01H 2 45 12 NONE o 31 101 SAI SEE'E

117 C 16 31 03H 0 85 13 NONE O 72 13 SAI PLUG |

C 16 31 01H 0 41 59 NONE O 87 157 MAI

118 C 17 31 02H 1.12 23 NONE D G5 138 SAI SMEVE

119 C 22 31 03H 0 90 11 NONE O 22 106 SA! SEEVE

120 C 31 31 01H 0 46 348 NONE O 17 95 MAI SEEVE

| 121 C 32 31 03H 1.11 to NONE D 14 119 MAI SEEVE

|
122 C 36 31 02H 0.38 30 NONE O 22 639 SAI SEEVE

123 C 37 3f 02H 1 09 13 NONE O 23 116 MAI SLEEVE

124 C 3 32 03H 0 46 33 NONE O 52 122 SAI PLUG

C 3 32 01H 0.36 49 NONE O 72 104 SAI
|

125 C 7 32 01H O_94 45 PI 0.49 62 MAI STEVE

126 C 9 32 03H 0.17 32 NONE O 49 62 MAI SEE'E

Page 5
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APPENDIX 1

REVISION 2: SUMMER REPA!R PROGRAM (AUGUST 1991)
B.C. B C. B.C. MRPC MRPC MRPC TYPE

S/G ROW COLUMN TSP VOLTAGE PHASE CALL "]LTAGE PHASE CALL REPNR
j

127 C 19 32 03H 0 68 136 NONE O 25 122 SAI PLUG

C 19 32 01H 0 84 31 NONE O 45 34 SAI

128 C 27 32 02H 0 72 36 P1 0.37 136 mal SEEVE i

129 C 6 33 04H 1.25 8 NONE O 24 120 MAI PLUG

C 6 33 01H 0 67 9 NONE 0.37 169 SA!

130 C 10 33 01H 0.49 33 NONE O 44 135 SAI SEEVE

131 C 22 33 03H 1.14 12 NONE O 45 135 SAI SEEVE

132 C 23 33 02H 0 62 49 NONE O 36 119 MAI St EEVE

133 C 32 33 02H 0 44 103 NONE 0.51 84 MAI SEEVE j
1

134 C 36 33 04H 0 16 341 NONE 1 22 140 MAI SEEVE

135 C 8 34 O1H 0 48 26 NONE O 24 144 SAI SEEVE

136 C 18 34 02H 1.11 35 P1 0 84 130 sal PLUG

C 18 34 01H 1 27 31 PI 0 41 48 MAI

137 C 24 34 04H N/A N/A NONE O 46 30 SAI STEVE i

138 C 25 34 02H 0 75 23 NONE 0.17 64 SAI SEEVE

139 C 26 34 03H 1.41 359 NONE ') 94 72 SAI SEEVE

140 C 5 35 03H 0.54 50 PI O 62 104 MAI PLUG

C 5 35 02H 0 50 21 NONE O 46 146 SAI

141 C 9 35 02H 0 36 65 NONE O 39 101 SAI SEE'E

142 C 18 35 03H 0.53 14 NONE O 50 110 SAI SEEVE

143 C 2 36 02H 0.57 40 NONE 0.15 95 SAI SEEVE

144 C 5 36 02H 0 41 32 NONE O 62 59 MAf SEEVE

145 C 11 36 OSH 0.37 36 NONE 0.44 93 MAI PLUG

C 11 36 02H 0.39 167 NONE 0.47 114 SAI

146 C 16 36 02H 0 48 59 PI O 38 60 MAI SEEVE

147 C 19 36 04H N/A N/A NONE 0.17 45 SAI SEEVE

148 C 20 36 03H 0 83 12 NONE O 38 60 MAI Pt UG ;

C 20 36 02H 0.99 62 P1 0 61 117 SAI

149 C 22 36 02H 1.02 167 NONE U.61 117 SAI PLUG

150 C 35 36 03H 0.95 31 PI 0.48 134 MN StJEVE

|ge 6 ,-.-
_ _______
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' i
i

REVISION 2: SUMMER REPAIR PROGRAM (AUGUST 1991) I

. ' ' B.C. . B.C. B.C. MRPC MRPC MRPC -7WE
;.

ROW COLUMN 7SP VOLTAGE PHASE CN.L 4OLTAGE PHASE CM.L REPAIR |
4

, ' SjG _ _

!
1

151 ,C. 36 36 02H 0 49 .4 NONE O 61 134 SAI . SEEVE

152 C 7' 37 02H 63 40 4 PI U.50 - 149 MAI SEEVE'

f153- C 9 37 02H 1.21 10 NONE 0.60 66 SAI PLUG

C 9 37 01H 0 29 70 P1 0.39 88 SN i'

154 C 12 37 02H .052. 60 PI 0.47 114 MAI SEEVE }

155 C 23 37 .01H 0 29 70 PI 0.54 128 MAI PLUG. |
156 C 24 37 02H 126- 40 P1 0.62 140 MAI SEIVE
157 C 45 37 01H 0 23 17 NONE U.54 128 MAI PLUG

'

! 158 C 3- 38 02H 0 63 22 NONE O 69 30 MAI SLEEVE

159- C 7 38 02H 0.94 43 PI 022 136 MAI (LUG j

160 C 8 38 02H 0.46 116 NONE O 22 136 MM SE ME j

161 C 9 30 - 02H 0 30 39 NONE O 61 163 sal PLUG
I

C 9 38 01H 123 23 P1 1.11 8 MAI

162 C 15 38 02H 0.43 51 P1 0.51 100 MAI SEEVE
>

; 163 'C 18 38 01H 1,14 8 PI 0.31 56 SM SEEVE

164 C- 20 38 02H 0.74 5 NONE 0.40 76 SM SEEVE
3

165 C 21 38 01H 1.69 14 NONE 0.48 24 SAI SEEVE

166 C 22 33 01H 1.12 21 NCNE O 51 21 MM SEEVE L

167 C 30 38 02H 0.59 35 PI 0.93 158 MAI PLUG ;

I 168 C 33 38 01H 1.97 18 P1 0.40 62 MM PLUG i

169 C 34 38 03H 1.85 21 PI 0.67 144 MAI SEEVE f
!

170 C 37 38 02H ' O 61 24 NONE 0.53 145 SN PLUG

C 37 38 01H 1.65 ' 13 NONE 025 50 SAI

[i171 C 38 38 - 02H 2.36 26 Pt 123 94 MAI SLEEVE

172 C 2 39 02H 0.47 3 NONE 1.02 158 sal PLUG ;

173 C 9 39 02H 0.99 25 Pt 1.90 9 MAI PLUG ;
;

C 9 39 01H 1.00- 0 NONE 1.34 161 SAI

1 174 C 10 39 03H 0.44 165 NONE 0.58 112 sal PLUG

C 10 39 02H 024 35 NONE 0.95 144 SM ;

175 C 14 39 02H 0.67 156 NONE 0.84 56 SAI PLUG - !
;

!

![Page 7
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APPENDIX 1

REVISION 2; SUMMER REPAIR PROGRAM (AUGUST 1991)
B.C. B. C. B C. MRPC MRPC MRPC TYPE

S/G ROW COLUMN TSP WLTAGE PHASE CALL WLTAGE PIL1SE CALL REPAIR

C 14 39 01H 0 53 138 NONE O 84 56 SAI

176 C 15 39 01H 1.16 17 PI 1 20 22 MAI SLEEVE

177 C 18 39 02H 0 33 151 NONE- 1.32 147 SAI PI UG

C 18 39 01H 0 57 38 Pt 1.40 144 MAI

178 C 19 39 01H 0 59 27 NONE 0.75 101 SAI SLEEVE

179 C 22 39 01H 0 70 353 NONE 1.19 166 MAI PLUG

100 C 36 39 05H 0 43 7 NONE 1.35 50 MAI PLUG

C 36 39 04H 0.57 14 NONE 1.07 142 SAI

C 36 39 03H 0 93 101 Pl 1.11 22 mal

C 36 39 02H 0.73 347 NONE 1.59 151 MAI

181 C 37 39 03H 1.48 au Pt 2.76 15 SAI RLEEVE

182 C 40 39 03H 0.92 158 NONE O 67 73 t,At SLEEVE

183 C 3 40 03H 0.28 45 NONE 0.48 123 SAI PLUG

C 3 40 01H 0 42 48 P1 1.13 99 SAI

184 C 6 40 02H 0 29 205 NONE 0.47 134 sal PLUG

185 C 10 40 03H 0 88 2 NONE O 47 139 SAI SLEEVE

186 C 15 40 02H 0 45 116 NONE O.97 108 MAI SLEEVE

187 C 23 40 03H 0.58 69 PI 0.89 127 sal PLUG

C 23 40 02H 1.54 1 NONE 0.78 162 SAI

C 23 40 01H 1.19 16 NONE 1.57 150 sal

188 C 25 40 01H 0 69 28 FI O 90 153 MAI PLUG

189 C 34 40 01H 0 G3 169 NONE 0.46 141 sal PLUG

190 C 36 40 02H 0.53 152 NONE O 65 115 SAI PLUG

191 C 37 40 05H 1.68 15 PI O 23 111 SAI FLUG

C 37 40 02H 1.18 30 P1 0.46 149 mal

192 C 42 40 02H 0.77 59 PI 0.62 128 mal PLUG

C 42 40 01H 0.55 20 NONE 1.87 19 MAI

193 C 44 40 03H 0 95 22 NONE 0.91 14 MAI PLUG

C 44 40 02H 0.66 39 NONE 0.88 143 SAI

194 C 6 41 05H 0.15 341 NONE 0.54 130 SAI PLUG

ge 8
- - _
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!
REVISION 2: SUMMER REPAIR PROGRAM (AUGUST 1991) ,

,.

B C. B.C. B C. MRPC MRPC MRPC TYPE*

, StG ROW. COLUMN ISP VOLTAGE PHASE CN.L SOLTAGE PHASE CN.L REPMR
_ ,

f

195 C 9 41 02H 2 25 19 PI 0.29 115 MAI PLUG

|196 C to 41 02H 1.07 15 P1 0 92 134 SAI PLUG

197 C 12 ~41 04H 0.48 164 NONE O 64 42 SAI SLEEVE.

196-- C 15 41 02H 0 31 79 Pl 1 86 14 mal SLEEVE 'f
199 C 16 41 02H 1.24 17- P1 0.47 105 SAI SLEEVE |

200 C 17 41- 01H 0.45 47 NONE 1.04 88 MAI PLUG

201 C 20 41 02H 0.37 94 .NONE 0.71 132 mal SLEEVE

202 C 24 41 31H 0.54 48 NONE O 64 128 SAI PLUG |

203 C 26 41 01H 1 66 31 PI 0.57 96 MAI PLUG

204 C 28 41 02H 1.69 30 PI 0.45 146 MAI PLUG

C 28 41 OtH 1.78 17 PI G.41 148 MAI i

205 'C 32 41 02H 0 62 26 PI O 42 72 MAI SLEEVE i

206 C 37 41 03H 0 82 23 NONE O 88 83 SAI SLEEVE"

| 237 C 38 41 02H 0.75 180 NONE 0.36 130 SAI SLEEVE ,

208 .C 42 41 02H 0 41 45 P1 0.61 30 MAI SLEEVE |

209 C '7 42 02H 0.27 71 NONE 0.40 105 SAI PLUG

C 7 42 01H- 0 21 74 'NONE 0.42 107 SAI i

| 210 C 12' 42 02H 0.24 20 NONE 0.54 50 SAI PLUG

211 C 13 42 02H 2 40 28 . PI O 28 154 MAI SLEEVE 7

212 C 36 42 03H 0 54 53- NONE 0.37' 92 MAI SLEEVE
'

'

213 C 37 42 03H 0.61 58 NONE 0.40 78 SAI PLUG t

214 C- 38 42 02H 1.93 50 PI 0.28 29 MAI PLUG [

| 215 C 45 42 02H 1.48 21 NONE 1.07 34 mal SLEEVE I

216 C 2 43 02H 0 46 39 NONE 1.11 171 MAI PLUG' (
217 C 4 43 03H 0.74 26 NONE O 62 158' sal PLUG j

218 C 5 43 04H 0.59 10 NONE 0.76 14 SAI PLUG -

C 5 43 03H 0.56 352 NONE 0.36 78 MAI !

(IC 5 43 02H 0.58 22 NONE 1.08 159 MAI

219 C 7 43 02H 0.73 40 NONE 0.65 114 sal PLUG

220 C 14 43 02H 1.48 14 Pi 0.69 141 SAI SLEEVE

r

I

[IPage 9 .
t
I
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REVISION 2: SUMMER REPA!R PROGRAM (AUGUST 1991)
8.C. B.C. B.C. MRPC MRPC MRPC TYPE

S/G ROW COLUMN TSP WLTAGE PHASE CALL WLTAGE PHASE CALL REPAIR

221 C 18 43 04H 0 90 19 NONE 0.45 138 SAI PLUG

C 18 43 02H 1.70 38 PI O 29 106 mal

C 18 43 01H 0.20 51 NONE 1.00 85 MAI

222 C 19 43 02H 1.42 24 PI 0.38 62 SAI SLEEVE

223 C 29 43 02H 1.75 15 PI O G8 150 MAI SLEEVE

224 C 31 43 01H 0 28 51 P1 0.39 74 MAI S& EVE

225 C 34 43 01H 1.13 17 NONE 0.54 06 SAI SLEEVE

226 C 46 43 01H 1.80 12 PI O 23 103 MAI SLEEVE

227 C 4 44 03H 0 44 56 NONE 2.48 10 SAI PLUG

228 C 8 44 02H 0 81 '7 NONE 0.77 35 SAI PLUG

229 C 9 44 02H 0.50 27 P1 0.98 161 sal PLUG

230 C 11 44 01H 0 21 8 NONE 0.82 149 SAI PLUG

231 C 14 44 01H 0 81 38 PI 0.46 94 MAI PLUG
,

232 C 16 44 02H 0 26 32 NONE O 97 153 SAI PLUG

233 C 18 44 02H 0.40 141 NOME 0.46 74 sal SLEEVE

234 C t.2 44 02H 1.42 17 P1 0.50 23 SAI SLEEVE

235 C 42 44 02H 1.10 21 P1 029 86 sal PLUG

236 C 43 44 03H 1.49 23 PI 0.44 110 MAI PLUG

C 43 44 02H 0 25 108 NONE 0.55 82 SAI

237 C 7 45 03H 0.71 40 NONE 0.64 141 MAI PLUG

C 7 45 02H 0.50 30 NONE O 28 93 sal

C 7 45 01H 0.31 37 NONE 0.52 91 MAI

238 C 21 45 03H 0 68 112 NONE O 44 78 SAI SLEEVE

239 C 23 45 01H 0.56 28 PI 0.48 60 MAI SLEEVE

240 C 25 45 02H 0.34 17 NONE O 00 149 MAI PLUG

C 25 45 01H 0.51 20 NONE O 90 4 SAI

241 C 28 45 01H 0.91 34 Pi 0 67 35 SAI Pl.UG

242 C 38 45 02H 0 45 34 NONE 0.55 25 MAI SLEEVE

243 C 43 45 02H 0.51 100 NONE 0.32 96 SAI SLEEVE

244 C 44 45 02H 1.41 14 Pl 1.29 177 MpJ SkEEVE

110
- - -
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REVISION 2: SUMMER REPAIR PROGRAM (AUGUST 1991)
B.C. B C. B C. MRPC MRPC MRPC TYPE

S/G ROW COLUMN TSP VOLTAGE PHASE CALL W)LTAGE PHASE CALL REPAIR
'

245 C 46 45 01H 0 56 55 NONE O 64 124 SAI PLUG

246 C 9 46 02H 0 82 28 PI 0.94 143 SAI PLUG

247 C 16 46 03H 0 59 38 NONE O 61 143 SAI PLUG

C 16 46 02H 0.42 73 NONE O 55 50 SAI

248 C 17 46 01H 0 24 47 NONE 1 05 22 SAI PLUG

249 C 27 46 02H 0 88 33 P1 0 36 96 mal SLEEVE

250 C 29 46 02H 0 48 3 NONE 0.50 137 SAI PLUG

25! C 34 46 01H 0 63 23 NONE 0.59 163 SA! PLUG

252 C 38 46 02H 0.34 45 NONE O 50 149 MAI SEEVE

253 C 43 46 02H 0 63 53 PI O 78 6 SA' SEEVE

254 C 46 46 02H 0 42 87 NONE O 67 14 SAI SLEEVE

255 C 7 47 02H n.70 63 NONE 1.62 90 SAI PLUG

256 C 16 47 02H 1.11 21 PI 0.67 116 SAI SEEVE

257 C 21 47 02H 0.78 45 NONE O 98 91 sal SEEVE

258 C 24 47 01H 1.16 48 PI 0.22 152 MAI PLUG

259 C 32 47 02H 0.78 33 Pt c 18 79 MAI SEEVE

260 C 33 47 02H 0.68 46 P1 0 34 79 MAI PLUG

C 33 47 01H 0 82 36 NONE O 83 90 SAI

26i C 37 47 03H 0 36 38 NONE O 35 135 MAI SLEEVE

2G2 C 39 47 04H 1 07 15 NONE O 49 126 SAI SEEVE

263 C 41 47 OSH 1.19 9 NONE 0.25 94 SAI SLEEVE

264 C 42 47 02H 0 36 65 NONE 0.71 41 SAI SEEVE

265 C 43 47 02H 0.50 53 PI 0.76 68 SAI SEEVE

266 C 46 47 01H 0.94 47 PI 0.35 52 SAI PLUG

267 C 13 48 03H 0 28 36 NONE 0.75 97 sal PLUG

C 13 48 02H 0 64 52 PI O 80 82 MAI
'

268 C 19 48 02H 0.57 169 NONE O.51 86 SAI SEEVE

269 C 29 48 02H 0.98 24 NONE O 26 146 MAI SEEVE

270 C 41 48 03H 0.58 29 NONE 1.03 132 SAI PLUG

C 41 48 02H 0 38 143 NONE 0.39 125 SAI

Page 11
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REVISION 2: SUMMER REPA!R PROGRAM (AUGUST 1991)
8.C. B. C. B C. MRPC WRPC MRPC TYPE

S/G ROW ~ COLUMN TSP VOLTAGE PHASE CALL W)LTAGE PHASE CALL REPAIR

271 C 43 48 03H 0.93 32 NONE O 60 91 MAX PLUG

C 43 48 02H 1.08 23 PI O 62 130 mal

272 C 4 49 02H 1.62 26 PI 0.42 119 sal PLUG

273 C 9 49 03H 0.93 16 NONE 0.80 38 SAI PLUG

274 C 18 49 01H 0 46 8 NONE 1.04 31 SAI PLUG

275 C 27 49 01H 1.40 18 NONE t.47 24 MAI PLUG

276 C 29 49 03H 0 83 24 PI O 89 8 SAI PLUG

C 29 49 02H 0.85 48 PI O 49 90 MAI

277 C 34 49 02H f f,0 8 PI 0.47 42 MAI SLEEVE

278 C 37 49 03H 0 53 27 NONE 0.95 37 SAI SLEEVE

279 C 42 49 02H 0.43 60 Pl 1.69 16 SAI PLUG

C 42 49 01H 0 95 50 Pl 1.27 149 MAI

280 C 8 50 01H 0 77 11 NONE 0.47 50 SAI PLUG

281 C 17 50 01H 0.79 19 PI O 48 101 SA3 PLUG

282 C 19 50 01H 0 46 151 NONE O 69 56 SAI SLEEVE

283 C 23 50 04H 0 26 8 NONE O 27 97 MAI PLUG

C 23 50 02H 0 61 29 NONE 0.73 54 sal

C 23 50 01H 2.17 23 Pl 0.53 65 mal

284 C 26 50 01H 0.44 43 NONE O 63 171 MAI PLUG

285 C 27 50 01H 2.81 15 NONE O 68 110 MAI PLUG

286 C 29 50 01H 1.63 26 Pt 0.59 141 MAI PLUG

287 C 42 50 01H 0.47 81 NONE O 77 69 mal SLEEVE

268 C 43 50 OSH 0.78 153 NONE 2h3 164 SA! SLEEVE

289 C 44 50 01H 0.98 21 NONE 0.64 155 SAI PLUG

290 C 45 50 01H 1.39 43 P1 0 32 98 MAI SLEEVE

291 C 2 51 01H 0 39 9 NONE O 44 147 SAI PLUG

292 C 4 51 02H CM 15 NONE 2.69 14 sal PLUG

C 4 51 01H 0.42 34 NONE 0.53 126 SA)

293 C 5 51 02H 0 33 139 NONE 1.26 20 MAI PLUG

S 51 01H 0.65 17 NONE 1.03 24 MAI ;

-
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REVISION 2: SUMMER REPAIR PROGRAM (AUGUST 1991)

I
B C. B.C. B.C. MRPC MR*C MR?C TYPE

S)G _ ROW COLUMN TSP WLTAGE PHASE CALL VOLTAGE PHASE _ CALL REPAIR

294 C 8 51 01H 0.59 16 NONE O 32 42 MAI PLUG

295 C 14 51 01H 0 87 10 NONE O 29 56 SAI PL81G

296 C 16 51 02H 0 78 18 NONE 0.41 87 SAI PLUG |

C 16 51 01H 0 06 38 PI O 25 83 MAI

297 C 17 51 02H 0 87 27 P1 0 36 10G MAI PLUG

C 17 51 01H 0 91 10 NONE O 27 54 SAI

298 C 21 51 03H 0 69 53 NONE O4f 131 M AI SLEE'E

299 C 33 51 03H 0 89 12 NONE O 81 20 SAI PLUG

C 33 51 01H 0 85 36 NONE O 84 139 sal

300 C 34 51 03H 0 15 158 NONE O 58 156 MAI SLEEVE

301 C 43 51 0:M 0 30 142 NONE 0 31 06 MAI PLUG

302 C 44 51 02H 2.08 17 PI O 41 100 MAI PLUG

C 44 51 01H 0 56 127 NONE 0.48 84 sal

303 C 45 51 01H 0 64 53 NONE O 46 135 MAI PLUG

304 C 46 51 02H 0 58 108 PI O 38 104 MAI PLUG

C 46 51 01H 0 88 152 NONE O 35 146 SAI

305 C 7 52 04H 0 45 46 NONE 0.48 18 SAI PLUG

C 7 52 02H 0 49 48 P1 0 33 75 sal

306 C 8 52 01H 0 43 15 NONE O 37 56 SAI P'.UG

307 C 9 52 01H 0.30 45 Fi 1.05 146 SAI PLUG

308 C 11 52 02H 0.44 101 NOrfE 0 32 52 SAI PLUG

309 C 17 52 01H 0.76 48 NONE 0.65 38 MAI PLUG

310 C 22 52 02H 0.21 176 NONE 0.54 99 MAf PLUG

C 22 52 01H 1 65 31 NONE o 67 136 MAI

311 C 33 52 03H 0.18 28 NONE O 50 101 sal PLUG

C 33 52 02f f 0 69 26 NONE 1.42 11 M AI

312 C 35 52 02H 0 49 56 NONE O 51 116 SAI SLEEVE

313 C 37 52 05H 0 67 4 NONE O 28 115 SAI SLEEVE

314 C 42 52 03H 0.54 139 NONE 0.37 94 SAI PLUG

C 42 52 02H 0.54 45 NONE 1.04 68 MAI

|
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APPENDIX 1

REVISION 2: SUMMER REPAIR PROGRAM (AUGUST 1991)
8.C. B C. 8 C. MRPC MRPC MRPC TYPE

S/G ROW COLUMN TSP VOLTAGE PHASE CALL WLTAGE PHASE CN.L REPAIR

315 C 43 52 01H 128 29 PI O 93 159 SAI PLUG

316 C 44 52 01H 0 44 42 NONE O 32 58 MAI PLUG

317 C 2 53 02H 1.14 16 NONE O 8G 15 MAI PLUG

C 2 53 01H 0.78 22 NONE O 2G 102 SAI

318 C 6 53 03H 0 96 41 PI 0.86 25 MAI PLUG

319 C 9 53 04 H - 0 41 101 PI O 33 126 MAI PLUG

C 9 53 03H 0 75 27 P1 0.37 75 MAI

320 C 10 53 03H 0 00 2G NONE o 64 10G SAI SLEEVE

321 C 11 53 02H 0 36 23 NONE O 54 57 MAI SEEVE

322 C 13 53 02H 0 23 78 NONE O 47 85 MAI SLEEVE

323 C 14 53 04H 0 39 32 PI O 31 86 M AI M.UG '

C 14 53 02H 0 28 9 NONE 0.46 114 SAI

324 C 15 53 01H 0.14 165 NONE D G3 35. MAI SEEVE

325 C 17 53 02H 0.18 78 NONE O 42 80 MAI SEEVE

326 C 18 53 02H 0.50 7G NONE O 47 31 SAI SEEVE

327 C 19 53 02H 0 47 22 NONE 0.58 23 MAI PLUG

C 19 53 01H 0.41 61 PI 0.58 23 MA!

328 C 20 53 01H 0 8'; 28 PI O 53 154 MAI PLUG

329 C 21 53 02H 0 13 153 NONE 0.31 41 MAI PLUG

C 21 53 01H 0 29 92 PI O GG 90 sal

330 C 23 53 02H 009 25 NONE O 49 130 SA! SEEVE

331 C 25 53 01H 0.43 145 NONE O 21 122 MAI PLUG

332 C 29 53 02H 1 00 13 NONE O 36 54 MAI PLUG

C 29 53 01H 0 91 17 NONE O 33 140 SAI

333 C 35 53 01H 0.73 19 NONE 0.38 116 SAI SLEEVE

334 C 36 53 02H 0.44 60 NONE O 27 110 SAI SEEVE

335 C 37 53 02H 0 50 39 PI 0.45 G2 SAI SEEVE

336 C 41 53 03H 1.41 14 NONE 0.53 22 MAI SEEVE

337 .C 44 53 03H 0 54 138 NONE 0.35 24 mal PLUG

C 44 53 02H 0.90 134 NONE 0.44 118 SAI
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APPENDIX 1

REVISION 2: SUMMER REPAIR PROGRAM (AUGUST 1991)
B C. B C. B.C. MRPC MRPC MRPC TWE

S)t3 ROW COLUMN TSP VOLTAGE PHASE CALL \DLTAGE PHASE CALL REPiJR

338 C 2 54 02H 0 74 73 NONE 0.30 152 SAI SLEEVE

339 C 4 54 02H 0 19 0 NNE D 31 129 SAI SLEEVE |

340 C 5 54 02H 0 81 21 PI O 63 107 MAI SLEEVE

341 C 10 54 02H 0 52 32 NONE 0.17 81 MAI PLUG

342 C 12 54 04H N/A N/A NONE O 20 149 PiD SLEEVE

343 C 13 54 02H 0 67 17 NONE O 29 108 SAI PLUG

344 C 16 54 01H 0 43 22 NONE O 28 94 SAI PLUG

345 C 18 54 01H 1.07 49 PI O 55 148 M AI PLUG

346 C 19 54 02H 0 64 14 PI 0.34 137 MAI SLEEVE

347 C 26 54 01H 0.58 58 NONE o 67 67 M AI PLUG

348 C 28 54 03H 0.40 25 NONE O 55 141 sal PLUG

C 28 54 01H 0 45 11 PI OA4 111 SAI

349 C 31 54 02H 0 48 22 Pl O 53 124 MAI SLEEVE

350 C 32 54 02H 0 32 21 PI O 27 149 mal SLEEVE

351 C 38 54 0tH 0.57 101 NONE O 89 116 MAI PLUG

352 C 42 54 01H 1 33 14 NONE O 28 105 MAI PLLM3

350 C 4 55 04H 0 76 17 NONE O 28 130 MAI PLUG

C 4 55 02H 0 87 33 NONE O 46 128 MAI

354 C 7 55 04H 0.51 25 PI O 16 91 M AI PLUG

C 7 55 03H 0 33 33 NONE D 15 113 MA!

C 7 55 02H 0 64 11 NONE 0.28 127 UA!

355 C 12 55 01H 0 26 149 NONE 0.15 79 DI PLUG

350 C 16 55 02H 6 60 169 NONE O 53 126 Wh PLUG

C 16 55 01H 0 41 94 NONE 0.45 98 MAI

357 C 17 55 02H 0.46 5 NONE 0.18 145 S7J SLEEVE

358 C 19 55 02H 0.46 22 NONE 0.15 27 SA* PLUG

359 C 20 55 02H 0.16 131 NONE 0.24 112 MAI SLEEVE

360 C 33 55 02H 1.07 18 NONE 0.28 136 sat SLEEVE

361 C 34 55 01H 0 46 14 P1 0.40 101 SAI PLUG

362 C 35 55 05H 0.28 9 NONE 0.30 38 MAI SLEEVE

f
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REVISION 2: SUMMER REPAIR PROGRAM (AUGUST 1991)
B C. B.C. 8 C. MRPC MRPC MRPC TM

S/G ROW COLUMN TSP VOLTAGE PHASE CALL WLTAGE PHASE CALL REPAIR

363 C 37 55 03H 0 28 94 NONE O 36 109 SAI PLUG
364 C 42 55 02H 0.73 39 FI 0.00 95 MAI SEEVE
365 C 5 56 03H 028 14 NONE 0.09 84 SA! PLUG
366 C 17 56 05H 0 69 31 NONE O 45 27 SAI SLEEVE
367 C 29 M.: 01H 1.15 30 PI O.34 116 MAI PLUG
368 C 34 56 03H 0 41 19 NONE O 41 24 MAI SLEEVE
369 C 6 57 04H 0.58 36 PI o 28 42 SAI PLUG

C G 57 U3H 0 49 9 NONE 123 168 MAI

370 C 11 57 03H 0.74 24 PI 0.40 155 SAI SEEVE
371 C 13 57 01H 0.38 28 NONE 028 71 MAI PLUG

372 C 15 57 01H 0.57 15 PI 0.35 174 MAi PLUG

373 C 17 57 03H 0 SG 98 NONE 028 147 MAI PLUG
C 17 57 01H 0 58 176 NONE 0.44 73 SAI

,

374 C 3G 57 02H 0.78 37 PI 0.34 121 MAI SEEVE
375 C 37 67 02H 0 78 18 NONE D G4 45 SAI SEEVE
376 C 2 58 02H 1.00 31 NONE O 34 122 SA! SEEVE
377 C 3 58 04H 0.57 25 PI 028 133 SAI PLUG

C 3 58 03H 0 27 145 NONE 0.55 157 SAI

C .3 58 02H 0.99 41 PI 0.39 137 MAI

378 C 8 58 04H 0.58 14 NONE O 47 9 sal PLUG

C 8 58 03H 0 72 25 P1 0.37 120 MA!

C 8 58 02H 0.88 167 NONE 1.02 117 SAI

379 C 10 58 05H 0 33 109 NONE O 44 41 SAI PLUG

C 10 58 03H 0 51 34 NONE O 47 39 SAI

C 10 58 02H 0.74 31 NONE 0.52 109 MA*

380 C 11 58 02H 0.35 136 NONE 0 G2 132 SAI SLEEVE

381 C 15 58 01H 0 49 24 NONE O 52 112 SAI PLUG

382 C 21 58 33H 0.63 67 NONE 028 61 SAI SLEEVE

383 C 27 58 01H 0.78 34 NONE 0.53 1, MAI PLUG

' .42 43 MAI ELUG384 C 41 58 01H 0.56 38 PI O

e 16
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REVISION 2: SUMMER REPAIR PROGRAM (AUGUST 1991)
8 C. B C. B.C. MRPC MRPC MRPC TYPE

S/G ROW COLUMN 7SP bOLTAGE PHASE CALL WLTAGE PHASE CALL REPAIR

385 C 3 59 01H 0 41 14 NONE 029 123 SAI PLUG

386 C 5 59 03H 1.04 25 NONE O 51 29 SAI SEE'E

387 C 14 59 01H 0 40 21 NONE 1 01 111 SAI PLUG

388 C 22 59 01H 0 21 79 NONE O 53 63 SAI PLUG

389 C 41 59 03H 0 35 67 PI O 46 100 SAI SEEVE

390 C 42 59 01H 0.35 44 P: O G5 112 SA1 PLUG

391 C 44 59 04H 1 85 19 PI O 22 97 MAI PLUG

C 44 59 02H 2.59 20 PI 9 38 128 MAI

392 C 3 60 04H 1 08 30 NONE 2 37 138 SAI SEEVE

393 C 11 00 01H 0 34 23 NONE 1.33 68 sal PLUG
'

394 C 17 60 01H 1.11 187 Pl 1.93 75 SAI PLUG

395 C 19 60 01H 0 82 31 PI O 85 96 MAI PLUG

396 C 22 60 01H 0 24 10 NONE 1 24 24 SAI PLUG

397 C 24 60 02H 0 20 22 NONE 0.34 118 SAI SEEVE

390 C $ 60 01H 0 20 142 NONE O 46 147 sal PLUG

399 C 26 60 02H 0 57 32 Pt 0 24 90 MAI SEEVE

400 C 28 60 02H 0.72 83 PI O 61 56 MAI SEEVE

401 C 33 60 03H 0 24 79 NONE o 52 37 MAI SLEEVE

402 C 44 60 01H 2.34 28 PI 3 46 40 SA! PLUG

403 C 7 61 01H 0 30 37 PI O 81 90 SAI PLUG

404 C 10 61 01H 0.30 6 NONE O 60 52 SAI PLUG

405 C 15 61 01H 1.10 22 PI O 44 166 MAI PLUG

406 C 23 61 03H 0 06 41 NONE 0.49 90 SA! SLEEVE

| 407 C 28 61 01H 0 36 29 NONE 0.58 64 SAI PLUG

408 C 33 61 03H 0 64 37 P0 0.30 132 SAI SLEEVE
'

409 C 36 61 03H 0.76 15 NONE 0 36 125 MAI SEEVE

410 C 38 61 02H 012 14 NONE 0.35 84 SAI SEEVE

411 C 4 62 04H 0.46 46 PI O G5 30 SAI PLUG

C 4 62 02H 0.38 87 PI 0.40 90 MAI

412 C 5 62 01H r7 21 NONE 0.52 45 MAI PLUG
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APPENDfX 1

REVISION 2: SUMMER REPAIR PROGRAM (AUGUST 1W1)
B C. B C. B.C. MRPC MRPC MRPC TYPE

S/G ROW COLUMN TSP WL7 AGE PHASE CALL WLTAGE PHASE CALL REPNR

413 C 8 62 01H 0 64 31 PI 0.18 74 M Al PLUG

414 C 16 62 02H 0 38 16 NONE 1.13 24 MAI GLEEVE

415 C 17 62 O1H 0 64 48 PI 0 88 63 SAI PLUG

416 C 24 62 03H 1A3 7 NONE 0 68 113 MAI PLUG

C 24 62 02H 2.76 24 PI O 20 68 MAI

417 C 31 62 'r3H 0.47 78 NONE 0.58 59 MAI PLUG

C 31 62 b/H 0 84 28 NONE o 50 115 MAI

418 L 35 62 02H N/A N/A NONE O 36 112 FID PLUG

419 C 38 62 03H 1 41 24 NONE 0.71 29 SAI SLEEVE

420 C 4 63 01H 1.07 13 P! O 43 T> MAI PLUG

421 C 20 63 01H 0.77 33 Pi 0 86 135 SAI PLUG

422 C 25 63 04H 0 89 25 NONE O 44 82 MAI PLUG

C 25 63 02H 0.91 90 Pt 1.19 40 SAI

C 25 03 P'H 2.30 31 Pt 0.78 40 MAI

423 C 38 63 02H 2.27 24 PI O 21 91 MAI SLEEVE |
424 C 4 64 OSH 0 86 35 PI 0.16 112 MAI PLUG '

C 4 64 02H 1.21 20 FI O 15 06 MAI

425 C 6 64 02H 0.38 45 NONE O 82 56 SAI SLEEVE

426 C 8 64 01H 1.12 37 P1 0 42 18 MAi PLUG

427 C 9 64 03H 0 80 52 PI O 68 114 MAI PLUG

C 9 64 02H 0 24 124 NONE 0.52 64 SA!

428 C 12 64 02H 1.16 39 PI O47 103 sal PLUG

429 C 14 64 01H 1.39 16 NONE 0.45 85 MAI PLUG

430 C 15 64 01H 1.45 19 P1 0 34 59 SAI PLUG

431 C 17 64 02H 1.71 M NONE O 36 115 MAI SLEEVL

432 C 18 64 02H 0.33 b4 NONE 0.90 15 M AI PLUG

C '8 64 01H 0.46 30 NONE 0.31 20 SA!

433 C 26 64 02H 0.97 144 NONE 0.84 66 MAI SLEEVE

434 C 28 64 OSH 1.50 32 PI O 38 128 MAI SLEEVE

435 C 29 64 03H 0.38 68 NONE 0.57 37 SAI PyJG

e e .,e q
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REVISION 2- SUMMER REPMR PROGR AM (AUGUST 1991)4

B C. 8 C. B C. MRPC JUYlPC MRPC TYPE*

Sj13 ROW COLUMN TSP 1M)L7 AGE WW CNL WTAGE PHASE CALL FIEPAIG
_

: .

* C 29 64 0?H 0 57 139 NOfE O 97 117 MM

436 C 30 64 02H 1.25 41 P1 0 49 142 SM PLUG

437 C 31 64 02H 1 E3 14 NONE o 33 100 MM SLEEVE
,

438 C 33 64 04H 0 21 143 NONE 0 ?6 m SM SLEEW

439 C 36 64 0?H 0 51 109 RONE O 25 106 SM SLEEVE

440 C 4 65 U2H 0:t 41 NONE O 54 168 SAI SLEEVE

441 C B 65 01H ! '2 35 NONE O 25 120 SAI PLUG'

442 C 14 ss 03H 0 39 45 NONE o 72 131 SM SLEEVE

443 C 19 65 02H 0 06 2c NONE O 4G 135 SM SLEEVE

444 C 22 65 02H 0 36 61 NONE o 99 141 SM SLEEVE

445 C 30 65 02H 1.5 t 39 P1 037 146 SM SLEEVE

446 C 33 65 02H 0.36 73 NONE O 42 151 MM SLEEVE

447 C 34 65 03H O 67 124 NONE o 67 136 SM SLEEVE

448 C 9 66 02H 0 67 27 NONE O 43 116 SM PLUG

449 C 16 66 02H 1 08 38 Pt 0 31 138 MM SLEEVE

450 C 19 66 0?H 0 58 63 PI O.72 12 SM SLEEVE

451 C 24 66 05h 0.34 19 NONE O 64 159 SM PLUG

C 24 66 03H 0 E4 3 NONE 0.19 74 SN

C 24 66 0?H 0 46 71 NOf4 0.38 114 MM
4

i 452 C 26 66 04H ngA N/A NONE 0 25 105 StJ SLEEVE

i 453 C 29 66 0?H O 28 158 NONE 036 se SAI SLEEVE

454 C 35 06 0 21; 0.91 35 PI 0.31 84 MM SLEEVE

j 455 C 4 67 01H 0 84 66 PI O 46 132 MM PLUG

456 C 11 67 03H 0 64 25 NONE o 83 167 SM SLEEVE

457 C 14 67 02H 0 22 109 NONE O 49 141 SM SLEEVIE

) 458 C 17 67 02H 1 45 1 NONE 0 35 114 SM SLEEVE

) 459 C 23 67 01H 0 28 21 NONE 036 148 SM PLUG

460 C 22 67 02H 0 72 38 NONE 0.47 77 SM SLEEVE

461 C 28 67 02H 1 02 45 NONE 0.60 96 MA! SLEEVE
4

462 C 37 67 03H 1.01 58 NONF 0 82 103 MAI SLEEVE
,

:
:
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,

REvtS!ON 2: SUMMER REPNR PROGRAM (AUGUST 1991)
8 C. B.C. B C. MRPC MstPC MRPC TYPE

_
S)G ROW COLLAEI 1SP 10LTAGE PHASE CALL 'DLTAGE PHASE CM.L REPNR

463 C 41 67 02H 0 76 53 NONE O 87 148 MM SLEEVE

464 C 2 68 01H 0 48 26 NONF. 0 48 40 SM PLUG

465 C 5 68 OSH 0 81 18 NONE 0.78 151 SM PLUG

C 5 68 04H 0 66 19 NONE O 65 138 SM

C 5 68 C2H 0 53 48 FI o 80 152 MM

C 5 68 01H 0 40 41 NONE r.73 124 MM

466 C 7 68 02H 1 22 19 NONE 0.44 149 MAI SLEEVEi

467 C 10 68 03H 0 79 17 NONE o 55 142 SAI SLEEVE

468 C 11 68 OSH 0 31 25 NONE O.43 148 SAI SdEVE

469 C 12 60 02H 0 99 28 FI O 40 135 SA! PLUG

470 C 22 68 OTH 1 22 30 Fi 0 4G 146 MM PLUG

471 C 27 68 02H 0 75 22 NONE 0 22 37 SAI SLEErt

472 C 29 68 02H OS1 25 NONE O 39 119 MM SLEEVE

473 C 31 68 01H 2.40 25 PI O SR 148 MM PLUG

474 C 35 GF 02H 1.52 37 PI O 80 124 MM PLUG

C 35 63 01H 2 30 20 NONE 1 08 153 MM

475 C 39 68 07H 0 52 12 NONE O 51 136 mat SEEVE

476 C 10 69 01H 1.13 18 PI 0.48 127 MM PLUG

477 C 15 69 02H 1.12 37 P1 0 5t 109 MN PLUG

O 15 69 01H 0 61 38 FI 1.09 14 MAI

478 C 17 69 01H 0.58 25 NONE O 29 124 SM PLUG

479 C 21 69 01H 0 61 21 NONE O 25 151 SAI PLUG

480 C 24 69 02H 1.01 38 NONE o 77 100 SAI PLUG

C 24 69 01H 1.33 28 P! 0.35 135 MM
t

481 C 27 69 02H 0 44 136 NONE O 92 157 SM SLEEVE

482 C 29 69 OH 0 44 72 P1 0 55 156 MAI PLUG
2

483 C 31 69 01H L7 6 NONE 057 152 MM PLUG

484 C M 69 01H 1.18 24 P1 0.58 146 SAI PLUG

485 C 37 69 02H 2.15 64 PI 029 141 MAI SLEEVE

486 C 40 69 01H 1.18 35 NONE 057 15 MM PLUG

(

e ~

9.m e_- -
_ _ _ _ _ _ _ __ . _ _ _ _ . . _



O
R EE EE EEEE EEE

ED GGG GVVGGVVGG GGG GGVVVVGVVVG
P A UUU UTEUUEEUU UUU UUEEEEUEEEU1 P LLL L5 ELLEELL LL L LLEEEELEEEi1 E PPP P LPPL L PP PPP PPLLLL PLLLfM 9S SS SSSS S3S

.

C L. -P MMMMMAAMIAMMMMIAAMMAMMIAA A A AMAMNMI I I I 3 I I I I

RM SMSSMSSMSMSSMSSMMSMLSMSMSSMSMS .MC _

-
-

CE 3 1 9S 1 922928 4 4 532 83 4 5 0 2 3 4 0 7 4 0 3P 1

38 4 8 2 1 3RM 35 4 4 3 4 1 5 4 1 3251 5 05 4 1 0 1 1 4 11 1 1 1 1 11 1 1 1 1 1 1 1 t 1 1 1 1 1 1 1 1

MM
.

E.
CG
F A 5 51 24 7 03 90 1 3 6 1 4 0 3 6525 7 7 82 81 7 4 3

T 5 3 56 7 75 4 56 65359.38 4 34 91 7 2 8 7 2_ 4 29. R L o0OOOO01 O0o0OO00O 1 02000OOOO1 00
M O

M.
_

-

E EEEE EE E E E EE E E
C. L N1 NNI NI NNI NtNNNN: NNt NI i 1 II IL I I I

A OPPPPOOOOPOOPPOPPOPOPPPPOOPOPOB C N NNNN NN N N N NN N N
1

X E 1
)

9 998 1 91 92 8 2I

C. S 4 1 3 22 0 1D 1 4 68 67 1 08 72M6068 3 e9 A 2 3 3 4 321 3 7 2 21 27 94 51 3 4 7 4 4 521N 9 8H 1 1 1 g

OE P a1

P T P
P SA U

G E
U G

A 9 09 8 8 84 1 52 5 1 67 4 3 02 3 694 67 4 1 9891A .

C. T 06 838 ~ 697 6 4 1, 4 6 84 7 4 69 4 8 9 7.5. 6 1 6 5 2( 1

1 0000 1 0000201 0HBL. 1 000 0 00000000001
A D
R 4

G
O

. HHHHHHHHHHHHHHHHHHHHHHHHHHHHHH

.

.

R P.
P S. 2 1 1 1 2 1 2 T 2 ? 2 2 1 2 2 2 2T 1 3 2 1 1 7 2 3 2 2 3 1

T O000000000000 9000000O0 0 0000000R
I

A
P .

fE OR |

A 00 0 00 0000 0000 0 00 01 1 1 1 2 222 22333R
E L 7 7 7 7 7 7 7 7 7 7 7 7 7 77 7 7 7 7 7 7 7 77 77 7 7 77L

M O
M C.

.

U
S .

.

W. 3 5 67 801 2995 8 91 0 67 80 3 69-

1 31 1 22 33 32 O. 36888 551 1 1 1 1 22222 33 1 1

N R
O
S )I

V A CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCE S.R
.

-

9 0 1 23 4 5 67 8 9 0 1 2~ 7 8 9 %9923 4 5 6 7 81

8 8 8 9999 9 9 9 00 0 0 0 00 0 001 1 1-
.

4 4 4 4 4 4 4 4 4 4 4 4 4 5 5 5 5 5 555 5 5 555
-

.

O

; ;!4 iI ;| |I|j{|$!||!j|iijI ;j ) I!!|| :1i)ji 3!|11



APPENDfX 1

REVISION 2: SUMMER REPAIR PROGRAM (AUGUST 1991)
B C. B C. 8.C. h*RPC MTrc MclPC TYPE

S)G POW COLUMN TSP WN.TAGE PHASE CALL VOLTAGE P:USE C M.L REPNR

C 19 73 01H 0 57 53 FI O 32 134 9.8M

513 C 22 73 03H 0.49 65 NONE 1 60 115 MM SLEEVE

514 C 28 73 01H 0 70 37 Pt 1.41 142 SAI PLUG

515 C 5 74 02H 0 48 38 P1 0 44 152 MM PLUG

C 5 74 01H 0 12 146 NONE o 40 140 MM

516 C 21 74 02H 1.38 35 PI 0.77 62 SAI SLEEVE

517 C 2S 74 02H 0 73 33 PI O 34 41 MM PLUG

C 25 74 01H 0.58 45 Pt 0 17 130 SM

518 C 33 75 03H 0 57 62 FI O 52 139 SM SLEEVE

519 C 15 76 OTH 0 74 32 NONE O 37 88 SAI PLUG

520 C 23 76 02H 0 64 30 NONE O 51 54 SAI SLEE%E

521 C 20 77 03H 0 64 44 PI 0.34 136 SAI SLEEVE

522 C 22 77 03H 0 49 28 NONE 0.58 131 SAI PLUG
,

C 22 77 02H O_55 164 NONE O 54 62 MAI

523 C 24 77 01H 0 22 28 NONE O 52 60 SAI PU)G

524 C 28 77 0?H 0.43 67 NONE 0 59 69 SAI SLEEVE

525 C 32 77 03H 1.71 19 FI O 24 132 SM SLEEVE

526 C 29 78 02H 1.15 27 PI 0 31 143 MAI SLEEVE

527 C 11 79 0?H 0 47 342 NONE o 64 45 SAI SLEEVE

528 C 23 79 02H 0.74 23 NONE o 49 79 SM SLEEVE

529 C 23 79 02H 0 G5 32 PI O25 122 val SL S E

530 C 2 80 03H 0 79 13 NOME O 67 121 SM SLEE%E

531 C 19 80 03H 1.36 15 NONE o E6 122 SAI SLEEVE

532 C 20 80 02H 1.09 sd NONE 1.47 14 SAI SLEEVE

533 C 26 80 01H ff6 23 PI O 27 124 SAI PLUG

534 C 8 82 01H 0 44 79 NONE 0 78 41 SM PLUG

535, C 19 82 01H 0.73 33 PI 0.35 136 MM PLUG

536 C 27 83 01H 1.51 2S PI O 29 147 MAI PLUG

537 C 26 84 01H 0.35 47 P1 0 315 137 SM PLUG

538 C 28 84 01H 0.18 48 NONE 0 83 119 SM 1||L7a

9 - 4 22 g
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APPEND!X 1

REVISION 2: SUMMER REPA!R PROGRAM (AUGUST 1991)
B C. 8 C. B C. MRPC MRPC MRPC TYPE

S/G ROW COLUMN TSP WTAGE PHASE CALL WTAGE PHASE CML REPAR

C 14 89 01H 0 55 153 NONE o 39 49 MAI
565 C 15 89 01H 0 83 18 NONE 0 35 80 MM PLUG
506 C 19 89 O?H 0 30 51 NONE O 25 104 SAI PLUG

C 19 89 01H 0 85 55 PI O 49 100 SAI
567 C 7 90 01H 1.14 21 PI O 17 130 SAI PLUG
568 C 14 90 03H 0 59 33 NONE r> 30 123 SAI SLEEVE
569 C 17 90 02H 0 72 29 Pt 7 41 ih SAI PLUG

C 17 90 01H 0 45 78 Pt 0 50 r34 '1Al
570 C 18 90 04H 0 65 55 P1 0 64 17, SAI PLUG

C 18 90 02H 0 48 73 PI OR M SA!
571 C 11 91 05H N/A N/A NONE 0 30 122 MAI SLEEVE
572 C 5 92 01H 1 65 15 Pt 0 66 120 MAI PLUG
573 C 6 93 01H 0 32 33 PI O 46 '6 MAI PLUG
574 C 10 93 03H 0 81 14 NONE o 36 124 SAf SLEEVE
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APPENDEX 1
,

1
I

REVISION 2: SUMMER !1EPAIR PROGRAM (AUGUST 1991)
8C BC B C. MRPC AMFC AMPC TYPE

4

# ## M N ## M # ##
? * ##

. -- -

.,__

217 D 25 27 04H 0 80 24 NONE O 45 156 SAI PLUG

218 D 26 27 02H O 81 12 NONE O 28 83 SAI SLEEVE
;

219 D 27 27 03H 1.b1 37 PvONE O 21 133 SA8 SLEEVE

220 D 34 27 02H 0 82 63 P1 0 65 72 MAI PLUG

!
D 34 27 01H 0 41 57 NONE 0.74 110 MAI

j 221 D 39 27' 02H 1.25 22 NONE 0.17 69 SAI SLEEVE

; N2 D 40 27 01H 0 04 153 NONE O 22 110 SAI PLUG

i 223 D- 2 28 01H 2.18 27 PI 037 116 MAI SLEEVE

j 224 D 4 28 01H 0 79 23 NONE 0.37 136 MAI SLEEVE

I 225 D 6 28 01H 1.56 17 PI 0 22 115 MAI PLUG

j 226 D 8 28 01H 1.21 45 Pt 0 25 142 MAI SLEEVE

i 227 D 11 28 01H 2 39 23 NONE o 23 75 SAI SLEEVE

228 D 12 28 01H 0 47 24 NONE o 21 30 MAI SLEEVE

229 D 14 28. 04H 1.04 140 NONE 0.40 20 MAI PLUG
j

D 14 28 02H 0 96 36 NONE o 20 113 MAI

| D 14 28 01H 1.78 31 NONE o 24 149 SAI

! 230 D 15 28 02H 0.56 St NONE 0.15 67 MAI SLEEVE

| 231 D 24 28 01H 0.55 32 NONE 0.21 127 MAI PLUG

j 232 D 33 28- 01H 1 20 48 NONE 1.00 157 MAI SLEEVE

|
233 D 38 28 01H 1.74 9 NONE 0.35 110 SAI SLEEVE

i 234 0 11 29 01H 1.35 26 PI 0 47 55 MAI SLEEVE

235 D 15 29 01H 0.44 19 NONE o 27 148 SAI SLEEVE
'

236 0 18 29 02H 0 42 348 NONE 0.27 110 SAI SLEEVE

237 D 20 29 02H 1.94 93 PI 0.35 120 MAI PLUG

D 20 29 01H 1.08 45 PI O 41 149 SAI
|

| 238 D 22 - 29 03H 0.51 3 NONE o 23 20 SAI PLUG

D 22 29 01H 1.56 19 NONE O 29 104 MAI ,

j 239 D 23 29 02H 0.84 24 NONE 0.48 139 MAI PLUG -[

j D '23 29 01H 0.90 40 P1 0.29 104 MAI |

' 240 D '24 29 04H 0 80 147 NONE 0 82 122 SAI PLUG !
>

f

\ Page 11 ,
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APPENDfX 1

REVISION 2- SUMMER REPMR PROGRAM (AUGUST 1991)
B C. 8 C. B C. MRPC MRPC MRPC TYPE

S/G ROW COLUMN 7SP VOLTAGE PHASE CALL VOLTAGE PHASE CML REPMR
, _

348 D 16 41 01H 1.44 36 FI O 26 119 MM SLEE'E

! 349 D 31 41 02H 1.42 25 PI O 21 95 MAI SLEEVE

350 0 4 42 03H 0 45 20 NONE o 52 63 SAI PLUG

D 4 42 01H 0 44 24 NONE O 83 94 SM

351 0 5 42 05H 0 44 125 NONE O 43 125 SM S& EVE
I 352 D 7 42 04H 0.18 16 NONE 0 36 130 SAI PLUG

353 D 10 42 03H 0 53 146 NONE O 37 96 SAI SLEEVE

354 D 18 42 03H 3.16 60 NONE O 46 139 SAI SLEE'E

355 D 21 42 01H 0 61 38 NONE O 67 100 MAI PLUG

356 D 23 42 01H 1 80 20 PI O 45 124 MAI PLUG

357 0 30 42 04H 1 89 15 NONE 0.55 72 MM SLEE'E

358 D 35 42 02H 3 24 1 NONE O 58 141 SM SLEEVE

359 D 38 42 02H 1.17 35 PI O 49 91 SM SLEEVE

300 D 43 42 02H 0 85 11 NONE O 71 63 SAI SLEEVE

, 361 D 5 43 MM 0 46 357 NONE O 49 125 SA! PLUG

362 D 6 43 01H 0 44 2 NONE 1.11 78 SAI PLUG

363 D 9 43 OTH 0 99 169 NONE 0.35 112 MAI PLUG

364 D 12 43 02H 1.21 27 NONE O 53 120 MM PLUG

D 12 43 01H 1.08 23 NONE o 14 72 MM

365 0 19 43 01H 1 45 24 Pt 0 28 91 SAI SLEEVE

306 D 21 43 01H 0 63 14 NONE O 29 41 MAI SLEEVE

367 D 22 43 01H 2.04 21 NONE D 29 96 M'- PLUG
,

368 D 23 43 05H 0 72 15 NONE O 36 62 SM PLUG

D 23 43 04H 0.77 52 NONE O G4 99 SAI
,

D 23 43 01H 1.48 45 NONE 0 55 139 MM

369 D 35 43 OJM J 36 118 NONE O.33 102 MA! PLUG

D 35 43 02H 0 28 19 NONE 0.42 85 SAI

370 D 7 44 02H 1 04 51 NONE 228 1E0 EN PLUG

D 7 44 01H 1.42 126 NONE 1.44 GS Saa

! 371 D 9 44 02H 0.73 37 NONE O 48 108 SAi PLUG
1

Page 17

- _ - _ - _ _ _ - - _ _ _ _



; ! ! '

_

_

_
_

_
.

.

R E E E
.

E! G GG G VG GG GVG G G VG GGGGPA U UU U EU UU UEU U U EU UUUUYP L L L L EL L L LEL L L EL LLLL7 E P PP P LP PP PLP P P LP PPPPR S S S

CL I I I I I I I I I I I I I I I

PL MAAAAAAA AAAA AAAAMMI AAAAA AAAMIAA II I I I I I I IARA SMMSMSSMSSSMMSSMMMt1 SSMSSSSSMMMMC

CE ,

S 22 1 64 9 03 3 24 8 62 28 1 9 1 36 01 5 S 4 1P 7 2 3 3A 5
3 98 5 2 9 602 73 33 1 5 3 5 51R 6 92 4 4 28 2 8H 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

M P

E _

CC -

1
_

P A 8 08 7 5 4 0 4 4 64 24 2 55 7 -8 1 1 8 2 4 0 1 8 5 9 E S.7 5
-

T 9 23 4 7 36 4 32 0 8 4 65 607 3 7 693 0 5 4R

MM
0 1 0O 0OO oOO2O02 O0 1 0 1 O0 O0 1 O1 00D0

.

L EE E EEEEEE EE E EEE EEE
C. N NNI N1 NNNNNNI NNt N1 NNNI NNNII t t I I

OOPOPOOOOOOFPOOPOPOOOFPPOOOPPPB C NN N NNNNNN NN N NNN NNN
1

EX ) 8
D 9 C. S 0 0 5 62 6 6 8 2 8 4 5 1
| 1 0 3 6 0 3 43 3 4 2 7 697 1A 2 1 3332 7 2 2 4 4 63 2 6 5 3 5 0 4 1

6 3 8 4 3 31 32 2N 9BH
e.

1 31 1 1 1 1
1E PP T

P S
A U

G E
U G

92 7 94 8 3 7 0 1 2 3 55 7 65 00ACA 5 7 M3 522 4 87 4 58 7 63 5 4 7 5 3 3 0 6 2 5 3 7 3 01 2 97 4 86 8
( T 6 2
MBL G 0 1 0 1 1 1 0 0 0 000 001 00 00 0 2 1 00 0001 1

WA
R
G
O
R P HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHP S 2 1 1 2 1 3 2 4 3 2 1 4 1 2 5 3 2 1 3 2 4 1 2 2 1 1 1 1 11

T 00 0 00 0 0 00000 00 0 0000 00 00 00 0 0 000R
M
P
E N
R ;

A
R U 4 4 4 4 4 4 4 4 4 4 5 5 5 5 5 5 5 5 55 5 5 5 5 666666
E L 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
M O
M C
U
S

W: 0 0 2 005 564 4 0 7 999900 1 1 0 3 34 58 o2 G 1 1 1 2 2 2 2 2 33 27 7 1 1 1 1 1 1 2 22 24 t
N R
O
I

S GI

V / DDDDD0DDDDDDDDDDDDDDDDDDDDDDDDE SR
2 3 4 5 67 8 9 01 2 3 4 5 6 7 8 9 07 7 7 7 7 7 7 7 8 8 8 8 8 8 8 8 3 8 9
3 33 3 3 3 3 3 33 3 3 3 33 33 33

.

:l



_p A. -- 4- de 2- JE- -- u-= .m. -J--- . - .- - -r.-e*-. -w e A -- - - -- J-*--4-- -J514 .3 h-a- --AA- k.-D.a.---.1J G.-.a_b.--- a,-..n.a _ -

O

E|||1||1$||1lill|1|||18111||
ggssssisssssssisisissssssissiiss

||cessicsSaS!?s58sBBftesEsSasBSe
8

Ps maassysvamsesesasssvax9:eenasa
g g oocoo-oooooooooooooooooooooooo

,

|

dh $$FEgggggEggggEggEEgggggEEEEgg=0
-

@N *

h NE5ehk' NNkNNbbkbbb$5b OONEbb
t-

Om B
-

t
8 8sus exasensnannatanavs:xsacsssesus
yod oeo--oeoooeoo-woeo-ooeooo<<ci-oo

-

e
8

b zarszEzz[, Erg [,zzarszE75lEErzzzEE ocoBoooao ooooooo8o8oooos oooe
E
e [ ***00**#5* Wit?;????????sssssss$
! $
a
S | *Ra~ermoonnga m: ce=engse~oes:n
6
a
k f OOQOOOOOOOOOOOOO00OOOOOOOOOOOO
e

E 5

O

i
-. . -.- . . . --.



_ _ -.-_ _ _ _ _ _ _ _ , _ _ . _ _ - _ _ _ _ - _-- _

9)

El|EEE|E!!!EEE|E||E|EE|||!!!k
Egissisisssssssssssisssisisissis

||s ssacBsSE9EE!B9soseEss5 ESES $95

e s,u. . s u. n. . n. u. . s2. n. . n. o. . u. n. n. . n. s. n. n. . s. ,.
i . . . .

25'IEE'E'EEEI'IEEEE''EEEEEEEEEEE
-

V Y

! B 9)
l o s s u e c a e n. . e e s. a s s e n. a s. n. . e v n e. s. s. n. a. nm N- .... . . . - - . . . - . . .

8

3 h BlillilillsilishillilisilillB5
a

I~e
$

saaaaaaaaaamanssaamaaassasssas
[
a

[ emesseeeauxn meesssann-ensasesg

O
g 3 00000000o0000000000000000000oo

.

site se 9500000s seesessssssee

$)



- - - - - - - - - - - _ . _ - - _ . . _ _ _ _ _ _ , _ . _ _

U

E!$$Eh!$hhhh!!!!Eh!!EE!!$$h!E
1gsissisissssisssssi>>sssssssssi

||55te9x esBESasBSassB5snemBBEEEx

Ps qv8ssssssnsessanneesnantex8ss8
[sg -oooooooeooo-onooooooooooooooo

ON w$$$$ wy$wwwwww$$$'S'SS'$$yyyy y$'www ww w ww ww
9 I9999 9992

c s -

@ Eg Rantscre: R@R!oEstn!aceses$cnHa- "

iOs isssus xx8ssamskeasetsuntosssvestanas
gOg oo-ooooooeocoooco-oo-oooooooo.

8
b zzzzzzzzzzggzzzz66zz7rzzzzza66g

5BssBBs8ssoossss 8 Bas 85s88oe
a

Ie
$

ssssssssssssssmamasssssssssssa
2

H
; I eoo;;eeneunx-e.oeuxnnesanaanna
O
6
[ 000000000000000000000000000000
a

N

O

|

_ _ _ _ _ - _ -.______ ____ ___ ________-___________-____ _ ___ __ _ _ ___ __ _



._ ___ - __ .

l

E|i|||1||l!|3|||||||||1l|E||1
fh$$$85$$33$$8333$$$388$$$$$$$$$

||!!8BBSDinasBs$$eREB50sEE!?ne59
8
s ERURB$?$4 BEES $0MER4$8888tn30?R

ooooooooe ooooooooooo-ooooooedoo

eb WWWW'SgwyWWwyWyw$y"W'''WW''' W'IS9$ hMh9$$h859 9 I 99 9a
-

h kg $REROMBlct87;ER E S R R R R R 5 3 7 tn E s t s !
I j 9)

60 ER?8 $5' EER3SEtnER4 BB54 8RRREE
geg oooooooosoooooooergo-o.-oooo 3Esos

8
g Pg2 zzzzzzzzggrzzzzzzzzzzzzzzzzzzr8b5558588o58858E85885555555558g
2
ei S$8888888 GGGGBBBUGGG 33333588885 -

$
a

| kno:tenzgnousmennsen8-mee:N a neso
s
a
@ h conooooooooooooooooooooooooooo
a.

/

9)



: t ,_ _ __

.

O O O <.

APPENDIX i

REVISION 2: SUMMER REPAIR PROGRAM (AUGUST 1991)
B.C. B.C. B C. MRPC MRPC MRPC TYPE

Sjt? ROW COLUMN TSP VOLTAGE PHASE CALL 1CL7 AGE PHASE CALL REPA:1
,

D 8 65 01H 1.13 30 PI O 68 140 mal

498 D 12 65 01H 1.00 44 PI 0.34 125 MAI SLEEVE

499 D 18 65 01H 1.10 30 Pt 0 50 109 MAI SLEEVE

500 D 20 65 n2H 0 53 46 NONE D G2 144 MAI SEEVE

501 D 35 65 04H 1 62 45 NONE 0 50 121 SAI SEEVE

502 D 6 66 01H 0 83 41 NONE O 40 97 MAI SEEVE

503 D 7 66 0fH 0.73 40 NONE O 81 77 SAI SEEVE

504 D 11 66 01H 0 99 13 NONE 0.38 310 MAI SEEVE

505 D 15 66 01H 0 26 82 PI 0.30 84 MAI SEEVE

506 D 17 66 0?H 0 63 37 NONE o 39 119 SAI PLUG

D 17 66 01H 1 10 27 PI O 39 103 MAI

507 D 18 GG 02H 1.00 33 PI O 42 96 MAI SEEVE

508 D 21 66 0?H 0 84 25 NONE O 26 122 MAI SEEVE

509 D 23 66 OSH 0.31 6 NONE O 27 13 SAI SEEVE
'05 MAI SEEVE

510 D 27 GG P2H 0 97 52 P1 0 24 .

511 D 34 66 04H 0 23 206 NONE 0.43 123 MAI PLUG

D 34 66 02H 0 66 43 PI 0 78 104 sal

512 D 7 6' 02H 0 44 45 NONE O 48 tot MAI PLUG

D 7 6: 01H 0 62 86 PI O 40 ?23 MAI

5:3 D 8 C7 01H 0.78 27 NONE o 48 75 SAI SEEVE

514 D 9 67 04H 0 37 45 NONE 1.46 48 SAI SLEE'd

515 D 12 67 OTH 0 59 49 Pi 0 71 119 MAI PLUG

516 D 17 67 04H 0 43 53 NONE 0 50 108 SAI PLUG

D 17 67 03H 0 85 34 NONE O 40 95 SAI

D 17 67 0?H 0.78 43 NONE O 88 105 SAI

517 D 19 67 03H 0.44 108 NONE 1.06 113 SAI SLEEVE

518 D 5 68 02H 0.59 12 NONE O 39 68 MAI PLUG

f D 5 68 01H 1.28 21 NONE O 64 86 SAI

519 D 8 68 03H 0.48 30 NONE 0.87 109 SAI SEEVi

520 D 11 68 03H 0 45 6 NONE d42 46 MAI PLUG

Page 23
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2 APPENDIX 1

.

REVIS!ON 2: SUMMER REPAIR PROGRAM (AUGUST 1991)
B C. B.C. B.C MRPC MRPC MRPC TYPE

SjG ROW COLUMN TSP W)LTAGE PtMSE CALL W)LTAGE PHASE CALL REPNR

D 11 68 01H 0.91 24 NONE 0.76 58 MM
521 D 14 68 03H 0.71 18 NONE o 26 86 MAI SEEW
522 D 16 68 04H 0.70 32 NONE 0.9G 152 SAI PLUG

D 16 68 01H 0.70 150 NONE 0.79 135 MAI

523 D 19 68 02H 0 67 24 NONE 0.42 124 SAI SEEVE
524 D 22 68 03H 0 84 36 NONE 0.30 130 SA! PLUG

525 D 30 68 02H 0 82 52 PI O 84 80 MAI SEEVE
526 D 32 68 02H 0 89 27 NONE 0.38 59 MAI SEEVE
527 D 33 68 02H e 31 15 NONE O 24 65 SAI SEEVE
528 D 34 68 03H 0 67 24 NONE 0.31 136 SAI PLUG

D 34 68 02H 1.65 13 NONE O 91 150 SAI

529 D 36 68 02H 0.78 29 NONE O 22 111 MAI SEEVE
530 D 4 69 01H 0.91 37 PI O 81 86 , SAI SEEVE
531 D 6 69 03H 9 41 4 NONE O 60 70 SA! SL' 2VE_

532 D 8 59 01H 1.11 20 P1 0 31 40 MA! PLUG

533 D 13 69 01H 0 82 ~1 NONE O 29 60 SAI SEEV.I
534 D 16 69 03H 1.14 15 NONE 0.21 103 SAI PLUG

D 16 69 02H 0.51 24 NONE O 27 147 MAI
,

535 D 22 69 02H 0 97 20 NONE o 24 85 MAI SEEVE i
536 D 28 69 02H 0 30 33 NONE O 42 103 MAI SEEVE
537 D 5 70 02H 0.7 93 NONE O 63 90 SAI SEEVE
538 D 12 70 03H ' 53 126 NONE 0.35 127 sal SG TVr,.

539 D 16 70 01H 1.09 37 Pt 0.73 100 MAI SU T
540 D 25 70 02H 1.45 30 NONE 028 138 SAI PLtm
541 D 33 71- 02H 0 37 59 NONE O 51 67 SA! S& EVE

542 D 2 72 02H 1.63 11 NONE 3 87 162 SAI SEEVE
543 D 7 72 02H 0.79 29 NONE 0.39 106 MAI SEEVE
544 D 9 72 01H 0.56 62 Pt 0.52 64 SAI SEEVE
545 D 17 72 02H 0.80 73 PI 0.42 113 MAI PLUG ;

D 17 72 01H 0.76 12 NONE 0.25 100 SAI
r

9 - O , 24 e
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APPENDIX 1
,

l

. REVISION 2: SUMMER REPMR PROGRAM (AUGUST 1991)
B.C. B C. B.C. MRPC MRPC MRPC 7YPE

*

_ ., SN,, ,_ W WH , y MW. M W yM M M yM
.

. n, .

n
_.

_ , _ _ ,

546 D 23 72 02H 0 85 46 PI C 48 108 MAI SEEVE

547 0 24 72 02H 0.45 32 P! 0 80 86 SM PLUG

,
548 D 30 72 02H . 1,71 27 PI 028 87 MAI SEEVE

! 549 D 6- 73 01H 1.34 36' P1 0.44 127 MM SEEVE

550 D 8 - 73 01H 2.14 27 NONE 0.37 133 M SEEVE

551 D 13 73 03H 1.06 37 NONE 0.32 78 frJ PLUG

D 13 73 02H 0 19 79 NONE o 20 133 SAI
;

D 13 : 73 01H 0.42 62 PI 0.16 ' 76 SAI

552 D '14 73 01H 1.08 41 PI O 44 113 MAI PLUG

553 D 15 73 01H 0 72 23 NONE 0.33 106 SA! SEEVE

554 D 18 73 04H 0.52 29 NONE O.19 97 SM SEEVE

555 D 20 73 01H 0 49 50 P1 028 83 SAI PLUG

556 0 24 73 02H 0.52 24 Pt 0 30 90 MM PLUG

D 24 73 01H 029 49 NONE O 26 125 MM
'

557 D 36 73 02H 1.96 22 NONE 033 148 SAI STEVE,

558 D 15 74 01H 0.59 39 PI 0.79 113 MM SEEVE

559 D 21 75 02H 0.76 3G NONE 0 52 115 SAI SEEVE

: 560 D 32 75 02H 0.40 68 P1 0.42 117 SAI STEVE

561 D 7 76 01H 0.75 17 PI 021 81 SAI SLEEVE

i 562 D 3 77 02H 0 68 11 NONE 0.40 53 SAI SEEVE,

563 D 5 77 01H 0.59 9 NONE 0.35 134 SAI SEEVE

564 D 6 77 03H 0.49 70 NONE 0.43 49 SAI SEEVE

565 0 16 77 04H 0 46 43 NONE 039 83 MAI SEEVE
.

566 D 18 77 03H 0.14 97 NONE 0.35 82 SAI SEEVE

567 D 3 78 03H 1.06 9 NONE 0.46 131 SAI PLUG

D 3 78 02H 0.56 21 NONE 0.36 87 SAI

568 D 19 78 02H 0.46 46 NONE 0.48 107 SAI SEEVE

569 - D 8 79 01H 0 84 39 NONE 0.44 94 MAI SEEVE

570 D 11 81 02H 0.19 113 NONE 'O.79 149 SAI SEEVE

571' D 6 82 01H 0.54 48 ' PI 0.42 128 MAI SEEVE f

.

f
i

% 25 |
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APPENDfX 1

REVISION 2: SUMMER REPAIR PROGRAM (AUGUST 1991)
B C. B C. B.C. MRPC MRPC MRPC 7YPE

j

S/G ROW COLUMN TSP WX.TAGE PHASE CNJ. WOLTAGE PHASE CN.L REPNR

572 D 8 82 02H 0 69 14 NONE 0.56 142 SAI STEVE

573 D 8 83 02H 0 80 353 NONE 0.49 147 SAI PLUG

D 8 83 01H 0 31 52 NONE 0.30 112 SA)

574 D 11 83 02H 0 54 31 PI O 46 47 SAI PLUG q

D 11 83 01H 0.84 28 NONE 0.54 58 SAI
'

575 D 16 83 04H 0 40 100 NONE 0.55 125 SAI SEEVE

576 D 4 84 04H 0.78 150 NONE o 43 53 sal SEEVE

577 D 6 84 02H 0.74 86 NONE 0.46 82 SAi O*_EEVE

578 D 9 84 02H 0 65 47 NONE O 59 102 SAI SEEVE ;
'

579 D 15 84 02H 0.79 358 NONE O 25 135 SAI PLUG

D 15 84 01H 0.55 38 NONE O 66 65 SAI

580 D 18 84 02H 0 66 36 NONE O 42 90 SAI SEEVE

581 D 19 84 02H 0.79 20 NONE 0.77 121, sal PLUG

582 D 8 85 02H 2,39 3 NONE o 35 121 SAI SEEVE

583 D 25 85 01H 1.22 24 PI O 29 127 SAI SEEVE

584 D 7 86 02H 0 91 21 NONE o 24 102 SA SEEVE

585 D 9 86 02H 0.90 18 NONE O 22 93 SAI SEEVE

586 D 12 86 02H 0.32 14 NONE O 27 93 SAI SEEVE

587 D 5 87 02H 0 66 71 PI 0.36 95 SAI SEEVE

588 D 11 87 02H 0 90 53 NOi4E D 39 145 SAI SLEEVE

589 D 17 87 02H 0 62 53 PI O 21 93 SAI SEEVE

590 D 5 88 02H 0 68 45 NONE 0.69 49 MAI SEEVE

591 D 10 88 02H 0.38 to NONE 0.92 109 SAI SEEVE

592 D 16 88 02H 1.07 23 NONE O 46 99 SAI SEEVE

593 D 3 89 02H 0.72 46 PI O 53 114 MAI SEEVE

594 D 16 89 02H 0.71 38 P1 1.16 157 SAI SEEVE
!

595 D 8 90 01H 0.37 70 NONE O 74 138 SAI SEEVE

596 D 9 90 02H 0.16 116 NONE 0.26 126 SAI PLUG

597 D 11 90 03H 1.04 39 PI 0.38 129 MAI PLUG
*

,

9
~
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LEGAL NOTICE
.

This report was prepared as an account of work performed by Combtstion
Engineering, Inc. Neither Combustion Engineering nor any person acting on its
behal f:

A. Makes any warranty or representation, express or implied including the-

warranties of fitness for a particular purpose or merchantability, with
respect to the accuracy, completeness, or usefulness of the information
contained in this report, or that the use of any information, apparatus,
method, or process disclosed in this report may infringe privately owned
rights, or

B. Assumes any liabilities with respect to the use of, or for damages

resulting from the use of, any information, apparatus, method or process
disclosed in this report.
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QUAllTY ASSURANCE NOTICE

,

|

This report includes information from two programs, one funded -jointly by the
Electric Power Research Institute (EPRI) and Portland General Electric (PGE),
and the second funded solely by PGE. The EPRl/PGE program includes the
examinatio'n of sections taken from tubes 'C'R12066, 'C'R14Cl4 and 'D'R1208 and

is being performed to standard engineering practices, not necessarily
following Combustion Engineering's QAM-100, Revision 3. The PGE program

includes the examination of sections taken from tubes 'C'R29C70, 'C'R30C64,
'D'R16C74, 'D'R20066, 'D'R8C66, 'C'R8C69, 'C'R12C70, and it is being perfor[ned

to meet QAM-100, Rev. 3 standards. Information presented in this report, or
,

conclusions derived from the EPRl/PGE program will be enclosed in square-

cornered brackets ([]) to indicate that it is presented for information only.
The information in the brackets may have to be read, however, to obtain a
clear understanding of text outside the brackets. This is an interim report,

not the final report.

O
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= Section 1

INTRODUCTION

This interim report presents limited results from the post-test examination of
the tube support plate (TSP) regions of eight steam generator tubes removed
from the Trojan nuclear plant during Spring and Fall,1991. One tube removed

during the Spring was examined under an EPRI funded project (RPS413-02). Two

other tubes were also examined under the EPRI, program, Sut they did not
contain TSP regions and are not included in this report. Seven additional
tubes removed in the Fall were examined as a Portland General Electric-

'

project. The objective of this report is to document in a single interim
report the initial results.

The Trojan nuclear plant is a Westinghouse four loop NSSS situated on the
Columbia River in Oregon. Condenser coolant is from acidified cooling tower
water. Each of the four Model 51 steam generators contain 3388 NitrFe (AlloyO 600) beat transfer tubes with an OD of 7/8 inch and a nominal wall thickness
of 0.050 inch. The Alloy 600 is typical of the material that received a low
temperature final anneal and that was used for steam generator tubes in many
plants that commenced operation at approximately the same time as Trojan.
This material has been susceptible to primary water stress corrosion cracking
(PWSCC) and Trojan experienced this form of tube degradation, beginning about
1979, in the small radius U-bends. Ultimately all row 1 U-bends were
preventively removed from service, in the mid 1980's Trojan experienced
pitting of a small ne ar of tubes and in 1986 removed three tubes to confirm
the presence of pitting. Results of that examination were presented in EPRI
report NP-6362-SD.

After the 1986 tube pull, the plant made a number of improvements to the
secondary cycle to enhance water quality. After these were completed, the
plant detected in 1988 apparent degradation of tube OD surfaces at tube
support locations. The degradation was judged to be axial cracks. The number

1-1



., )
.

of these indications increased significantly at the 1989 and 1990 outages
resulting in a decision to remove tubes in 1991 to quantify and characterize
the degradation. Table 1-1 summarizes the tubes removed in 1991.

Tubes were removed in May 1991, but because of pulling difficulties only one
tube with TSP locations was removed. That tube had been plugged in 1989

because of indications at the TSP. Based on examination results of these
tubes, two additional tubes were removed in the Fall for examination. These

two tubes were active prior to the 1991 outage and had been plugged just
before being removed. These two tubes were selected to provide a range of ECT
indications for analysis. Based on ECT and the burst test results of these
two tubes, the NRC requested that additional tubes be removed f or destructive
examination. The last five tubes in Table 1-1 were either recently plugged or
plugged during a previous outage.

The examinations _incluu d a variety of tasks:

- [ visual examination]
- [ dimensional characterization]

[ double ar,d single wall radiography)-

- burst testing
scanning electron microscope examinations-

- light optical microscopy evaluations
deposit analysis-

- tensile testing
- (microhardness testing)
- [ sensitization assessment]
- [ chemical analysis)

crack surface chemical analysis by Auger and XPS-

Tube support locations, WEXTEX expansion transition regions [and free span
locations) were evaluated but not every location received the full complement
of tests and evaluations.

The burst testing of the latter five tubes is complete as is the limited SEM
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work to characterize the defect dimensions. Some limited metallography is
also complete. This interim report updates the prior interim report. More

detailed final reports will be issued at a later date.

_
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Table 1-1
|

9|TROJAN TUBES REMOVED FOR DESTRUCTIVE EXAMINATION IN 1991 |
l

, 1

Number of .
,

lyhg Pluaoed Month Removed TSPs Removed |

['C'R12066 1990 May 0]

['C'R14C14 No May 0]

['D'R12C8 1989 May 3)
'C'R29C70 1991 Sept.-Oct 3

'C'R30C64 1991 Sept.-Oct 3

'D'R16C74 1991 November 3

'D'R20C66 1990 November 3

I 'D'R8C66 1989 November 3

|
'C'R8C69 1991 November 3

'C'R12C70 1991 November 3

O
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Section 2

EDDY CURRENT TESTS ,,

Tube support plate intersections were examined by bobbin coil and motorized
rotating pancake coil (MRPC) eddy current test techniques before and after
they were removed from the steam generators. The results, provided by PGE,
are summarized in Table 2-1.

O

O 2-1
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Table 2-1

EDDY CURRENT RESULT SUMMARY
Post- Post-

Pre-Pull Pre- Pre-Pull (Rev.2) (Rev.3) Pull Post- Pull
400/100 Pre- Pull 300KHz Orig. Pre- Pre- 400/100 Post- Pull 300KHz Post-
diff. mix Pull Bobbin Axial Repair Pull Pull diff. mix Pull Bobbin Axial Pull
Bobbin Bobbin Coil Coil MRPC MRPC MRPC Bobbin Bobbin Coil Coil MRPC
Coil Coil Phase MRPC Signal Signal Signal Coil Coil Phase MRPC Signal

Tube TSP Voltage Signal Anale Voltace Call Call Call Voltage Signal Angle Voltace Call

[12/8 - 1 5.17 82% 64 4.35 MAI MAI MAI 12.51 69% 78 7.26 MAI]
[ -2 1.72 55% 96 0.50 NDD MAI MAI 3.29 67% 80 1.I6 SAI]
[ -3 1.14 55% 96 0.52 NDD MAI MAI 7.76 13% 127 5.87 SAI]

29/70 - 1 0.31 62% 81 0.16 SAI SAI MAI 1.74 3% 139 1.45 SAIna

A3 -2 0.37 64% 85 0.34 MAI MAI SAI 6.07 0% 171 0.79 MAI
-3 0.34 0% 357 0.25 NDD 3:1 SAI 7.00 0% 187 0.49 SAI

30/64 - 1 0.62 43% 105 0.15 NDD 3:1 SAI 3.35 92% 41 1.30 MAI
-2 1.13 93% 55 0.57 MAI MAI MAI 9.68 0% 158 2.74 MAI
-3 1.12 0% 139 0.59 NDD 3:1 MAI 4.85 0% 147 1.37 MAI

16/74 - 1 1.12 85% 57 0.66 MAI MAI MAI 7.16 64% 87 0.98 MAI
-2 0.87 12% 4 N/A NDD NDD NDD 0.60 49% 100 0.31 NAI
-3 0.99 35% 14 N/A NDD NDD NDD 4.53 42% 14 0.49 SAI

20/66 - 1 2.58 66% 78 1.10 MAI MAI MAI 7.98 28% 114 0.97 MAI 7
-2 2.25 64% 80 1.51 SAI MAI MAI 8.65 Ik 156 1.10 MAI

'

-3 0.99 97% 44 0.80 NDD MAI MAI 2.81 35% 109 0.76 MAI

8/66 -1 3.12 67% 77 2.16 MAI MAI MAI 8.00 40% 110 1.60 MAI
-2 1.66 73% 29 0.56 NDD MAI MAI 2.11 43% 134 0.79 MAI
-3 0.5 48% 19 0.18 NDO SAI SAI 0.69 63% 86 N/A NDD

O O @
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Table 2-1 (continued) ;

EDDY CURRENT RESULT SUMMARY
Post- Post-

Pre-Pull Pre- Pre-Pull (Rev.2) (Rev.3) Pull Post- Pull

400/100 Pre- Pull 300KHz Orig. Pre- Pre- 400/100 Post- Full 300KHz Post-

di f f. mix Pull Bobbin Axial Repair Pull Pull diff. mix Pull Bobbin Axial Pull
Bobbin Bobbin Coil Coil MRPC MRPC MRPC Bobbin Bobbin Coil Coil MRPC

Coil toil Phase MRPC Signal Signal Signal Coil Coil Phase MRPC Signal

Tube TSP Voltage Signal Anale Voltage Call Call Call Voltage Signal _ Angle Voltage Call

8/69 -1 1.08 94% 45 0.96 MAI MAI MAI 4.38 56% 98 1.91 MAI |

-2 0.89 99% 36 0.30 NDD MAI MAI 1.01 52% 119 0.28 MAI

-3 1.13 94% 45 0.25 SAI MAI MAI I.55 84% 63 0.33 MAI

12/70 - 1 1.34 97% 35 0.40 MAI MAI MAI 4.82 72% 83 0.63 MAI

-2 0.73 94% 32 0.27 NDD SAI SAI 1.66 90% 56 0.53 MAI

d., -3 0.59 87% 52 0.20 NDO SAI SAI 1.04 61% 98 0.47 MAI~

Notes: SAI - Single axial indication
MAI - Multiple axial indication
3:1 - Does not meet 3:1 signal to noise criteria
NDD - No detectable defects
N/A - Not available
Revision 0 to the MRPC data analysis guidelines April 4, 1991
Revision 1 to the MRPC data analysis guidelines August 1991 (Revised for clarification only)
Revision 2 to the MRPC data analysis guidelines August 1991
Revision 3 to the MRPC data analysis guidelines October 1991 .
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Section 3

~

BURST TESTING
s

PROCEDURES

A major objective of the combined tube examination programs was to determine
the burst strengths of tube support plate locations (TSP) with known,
suspected or potentially unknown levels of tube degradation. Accordingly,
burst tests were performed on twenty two (22) tube sections, each of which
contained a tube support location, prior to the initiation of any destructive
examinations. The burst test specimens were approximately 10 inches in length

with the TSP locations near the centers of the test sections. The burst test

specimens included:

[(a) TSP #1 and #3 from 'D'R12C8)
(b) TSP #1, #2 and #3 from 'C'R29C70, 'C'R30C64, '0'R16C74,

v 'D'R20066, 'D'R8C66 and 'C'R8C69

(c) TSP #1 and #3 from SG 'C'R120 0

Tests were conducted without benefit of a simulated carbon steel TSP over the
tube section. A prior study indicated that the presence of such a oevice
could prevent failure of the tube at the TSP location even when significant
degradation was present. Furthermore, PGE indicated that analysis suggested

that during some postulated accident scenarios, the tubesheet could t>e
displaced upward with the result that the original TSP location could
momentarily be located outside the TSP boundaries (i.e., the TSP would not
provide support that could prevent a burst).

The ends of the burst specimens were sealed with mechanical fittings, the
upper one of which was welded to 1/8 inch high pressure tubing to permit
pressurization of the test specimens. Prior experiences with burst testing of
removed tubes indicated a significant probability of leakage from the fittings

/ 3-1
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because of gouges, scratches or ovalization of the tubes resulting from the
pulling operation, This problem was addressed by silver solderir.g the end
fittings onto the tube sections. This technique proved effective.

The pressurizing equipment included: .,

(a) a hand pump to pump deionized water to pressurize the
specimens *

(b) a calibrated pressure gauge

(c) a pressure transducer connected to a strip chart
recorder

(d) 1/8 inch high pressure tubing

(e) a 3000 psi accumulator with valve

The burst test procedures were in accordance with C-E Specification 00000-MCC-
094, Revision 3, " Procedure for Testing Steam Generator Tubes for Leak Before
Bursting." Prior to test outside diameters and wall thicknesses were
characterized at 90 increments around the circumference of each specimen.
The specimens were not decontaminated prior to test. The basic plan for
pressurizing the samples was as follows: -

(a) pressurize to 1375 psi internal pressure, hold for

five minutes and collect and measure leakage, if any

(b) increase pressure slowly to 3000 psi, hold for five
minutes and collect and measure leaka3e, if any

(c) reduce pressure to 1375 psi, hold for five minutes and
collect and measure leakage, if any

(d) increase pressure to 4450 psi, hold for five minutes,

3'
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collect and measure leakage, if any

V (e) decrease pressure to 1375 psi, hold for five minutes,
collect and measure leakage, if any

(f) increase pressure at about 2000 psi / minute until
failure occurs.

The tests were conducted without an internal bladder initially to determine at
what pressure leakage from development of a throughwall defect initiated.
Provisions were made to use an internal bladder if leakage developed for any
tubes prior to burst. After test, the burst surface and the remainder of the
TSP location were examined via scanning electroa microscopy and light optical
microscopy to characterize defect depth and type.

RESULTS

Table 3-1 summarizes the burst test results for each specimen. [The burst
test specimen from tube R12C8 developed a leak that exceeded the makeup

Ed capacity of the pump at approximately 3300 psi. Although a bladder could have
been inserted and the test resumed, this was not done. Double and single wall
radiography, post-tube pull ECT and visual observation all disclosed the
presence of a circumferential indication that covered over 270 of the
circumference. Further, the tube was not dented at this location nor was
there any obvious source of excessive axial stresses other than tube pull
forces that could have initiated such a defect. A review of the tube pulling
process indicated the possibility that a load of 7000 lbs was applied to
remove the tube. With no throughwall degradation, such a load would produce
stresses near the yield strength of the material, and for relatively uniform
wall loss of 50%, the applied tube pull stress would be at the ultimate
strength of the material. With these considerations, the conclusion was that

'

the tube section had been severely damaged during the removal process and that
further testing would not provide technically defensible burst test data. No

p further testing was done.]
h

|
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The other twenty-one specimens failed by an axial (slot) rupture at pressures

gof 5900 psi to 10,600 psi. By comparison, a non-defective burst specimen
would fail at 10,000-11,500 psi. None of those specimens developed

throughwall leaks at any of the hold points. Two of the specimens developed

leaks during the ascent to burst pressure ('0'R8C66 - #1 and 'C'R8C69 - #1).
The specimens were depressurized, bladders made of Tygon tubing inserted, then
repressurized to burst.

After the test, the specimens were photographed to document the post-test
condition and visually examined to determine if any of the intergranular
cracks extended beyond the support plate boundaries. Figure 3-1 shows

photographs of a typical specimen subsequent to burst. Visible are some of
the additional cracks that opened up as a result of the deformation. Most of-

|

these indications were axial, although link-up of cracks may have resulted in
some minor circumferential cracking.

G
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Table 3-1

BURST TEST SUMMARY

Burst Total Burst
Angular Length ** Secondary Crack

lyhc 152 Burstfosil Position * (inchi Description

['D'R12C8 1 >3300 (leak) 20 0 Five axial and circ.
Near Leak

0
3 10400 80 1.1 Numergus,mostlyaxial,

315 extent]
'

0
'C'R29C70 1 10400 0 1.3 Eight short axial

0
2 9000 0 1.0 Nine short axial

0
3 10400 180 1.3 Four small branched axial

0
'C'R30C64 1 10500 340 1,3 Several axial near top TSP

2 8800 340 1.0 Several axial, in*

three " patches"
.

0 0
3 10200 0 1.3 Numerous axial, 270

extent, minor circ.

Axial,ISg00 extent'D'R16C74 1 8600 315 1.1
2 9500 330 1.1 Axial, 90 extent

0
3 10400 270 1.5 Axial, 90 extent

0
| 'D'R20066 1 0,150 20 1.1 Axial, almost 360 extent

0
| 2 8750 180 1.1 Axial, almost 360 extent

0
i 3 9300 180 1.1 Axial, almost 360 extent

0
'D'RBC66 1 7500 (leak) 90 1.5 Axial, almost 360 extent

7500 (burst) 0
2 8750 210 1.3 Axial, almost 360

extent, minor circ.
0

3- 10600 280 1.5 None

'C'R8C69 1 5500 (leak) 10 1.3 None

5900 (burst) 0 0
2 7700 270 1.0 Axial, almost 360 gxtent

0
3 9700 180 1.3 Numerous axial, 360

extent
'C'R12C70 1 7100 280 0.9 Two small axial patches,

minor circ.
3 9500 260 1.3 Axial, almost 360 -extent

L Notch made during tube pull is 0 . Direction is clockwise looking down*

I (towards bottom of the steam generator).
_

| ** Includes ductile tearing beyond the in-service degradation.

3-5
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Section 4

FRACTOGRAPHY

SAMPLE SELECTION

t

Upon completion of each burst te?' and its documentation, a section was
removed from each burst test specimen for analysis by scanning electron
microscope (SEM). [The second tube support plate (TSP) section of tube
'O'R12C8 was not analyzed by fractography since it was not burst.) Similarly,
the second TSP of tube 'C'R12C70 was not examined for the same reason. With

the exception of the first TSP of 'O'R12C8, all fractography was performed on
one of the two axial burst crack faces. [The section of tubing containing the
first TSP of 'D'R12C8 was first pulled apart in the axial direction, producing
(, circumferential fracture around the weakest portion of the tube in the
circumferential direction. The lower crack face was selected for examination

k by fractogrrphy, since it contained less of the TSP intersection, leaving more,

material for other examinations. This sample was cut off about 1/8 inch below
the bottom of the TSP. The crack surface was-very jagged and ranged from as

tuch as 1/4 inch above the bottom cf the TSP to less than 1/16 inch above the
>ottom of the TSP. Similar httempts were made to axially pull apart the
section of tubing containing the third TSP of 'D'R12C8 after_ burst, but after
a couple of attempts it was decided to cut out and analyze the axial burst

-

crack face.] Th Nmaining samples for SEM factography (total of 21) were cut
using a Dremmel Moto Tool Wheel #409 to provide a sample convenient for use

with SEM. All SEM samples were about 1/4 inch wide and extended the entire
burst length. Generally, the least curved (or least distorted) of the two
burst faces was chosen for SEM analysis. The left burst face was taken from
'C'R29C70 TSP #1, 'C'R30C64 TSP #1 and #2. The other four samples were taken-

from.the right burst face. [0ne of the upper half axial cracks of 'D'R12C8
TSP #1 was opened up and examined as well.]

4-1
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PROCEDURE

After samples had been cut from the tubes, they were blown with a jet of dry
oil free air to remove loose particulates from the crack surface to minimize
charging during the SEM examination, An ETEC Autoscan Scanning Electron

.,

Microscope was used in this analysis, Operation of this instrument followed
the manufacturer's instructions. ASTM has not published procedures for
fiactography examinations. However surfaces examined by SEM, in accordance
with accepted scientific principles, can be compared with pictures presented
in various fractography textbooks, such as " Metals Handbook, Volume 9,
Fractography and Atlas of Fractographs," 8th Edition, John A, Fellows,

_

American Society for Metals, c 1974. Selected areas were examined in detail
to determine crack morphology, followed by documentation of the entire sample,

y in a photomontage. A photomontage consists of a series of photographs all
taken at a magnification of either 30X or 40X using Polaroid 52 film, This

was accomplished by careful placement of the sample in a four point screw
adjusted holder and adjustment of the sample's location in the SEM vacuum

,

chamber. Prior to photographing the surface, the operator checked that the
entire surface could be viewed without having to manually reposition the ,

sample in the holder. After photos were taken, they were pasted together on
poster board for evaluation.

RESULTS

.

(The SEM examination began with an investigation of the outer surface of
'D'R12C8 TSP #1. Figure 4-1 shows some of the secondary cracks below the
crack face opened by tensile fracture. The cracks are orientated mostly in
the circumferential direction, an artifact of the tensile fracture operation,
Closer inspection of one of the secondary cracks clearly shows that attack was
intergranular as seen by the clean separation of grains and well defined grain
facets, The surface of the tube shows numerous circumferentially oriented
machining marks, which do not seem to have contributed to the tube
degradation,

The crack surface was then investigated. Figure 4-2 shows, in cross-section,,

4-2
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:

the depth of the cracking in the area near where leakage occurred during the
burst test (the large pit in the center of the 20X view is thought to be the
leak path). The crack surface is very jagged, is intergranular and shows

evidence of numerous .::anches.)

Figure 4-3 shows a similar examination of the 'C'R30C64 TSP #1 axial burst
crack. In.this case the predominantly axial (with some circumferential)
cracks on the OD surface opened up from the bulging of the tube section during

~

the burst test. Again, the crack surface is jagged, is intergranular and
shows evidence of branching.

Figure 4-4 shows the surface of the 'C'R29070 TSP #3 axial burst crack. These

photos show several ligaments between microcracks.

The photomontages of each crack face were useful in determining the maximum
depth of penetration in each TSP location. Table 4-1 presents a sumnary of
the measurements made off of the montages.

The samples from the three TSPs of 'C'R29C70 and 'C'R30C64 were sent toO Westinghouse for further analysis of the microcracks and ligaments.

4-3
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Table 4-1

HONTAGE MEASUREMENTS
.

Mcx. Average Inte-granular
)Depth Depth Burst Crack.

T.lig ISP % lenoth, in."
,

.

0
['D'R12C8 1 92 38 Extent 340 )

{'D'R12Cd 3 55 N/A .75] {,

'C'R29C70 1 56 44 ,79
2 76 51 .62
3 71 35 .45

'C'R30C64 1 55 40 .53
2 64 53 .51
3 50 34 .45

'D'R16C74 1 70 58 .56
2 62 38 .30

'

3 51 33 .25

'D'R20C66 1 80 45 .60
2 58 47 .68
3 58 44 .60

**
'D'R8C66 1 98 58 .83,,

2 75 44 .85
3 53 32 .50

***
'C'R8C69 1 98 72 .92 -

2 83 57 1.00
3 81 51 .49

'C'R12C70 1 98 68 .92.,
3 63 43 .85

* - Die :t measurements show the lengths to be conservative due to burt.t
deformation.

- Direct measurement shows pre-burst length does not exceed 0.75 inch.**

*** - Section not available for direct measurement.
N/A - Not available as of 12/4/91.

,
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Section 5

O
METALLOGRAPHY

Meta 11ographic examiriations were performed on all the TSPs removed in 1991 (as

well as on the first 1SP of tube 'C'R25C58 which was removed and examined in
1986). Meta 11ography included studies.of the degradation that occurred at the
mid plane of the TSP [and sequential elevation investigations of transverse
and longitudinal mounts). Information from the last 5 tubes of Table 1-1 is
not available at the time this report was written and is not included.
Preliminary investigations show it to be similar to the information presented
in this section.

SAMPLE SELECT 10ft

Transverse samples for examination of mid sepport degredation were cut about

1/8 inch wide. From the mid plane of the TSP they were cut 1/8 inch in the
direction of greatst degradation. In the cases of {'D'R12C8 TSP #2),
'C'R29C70 TSP #1, 'C'R30064 TSP #1 and #2 this meant that the direction of

view was up. In the cases of ['D'Rl:C8 TSP #3,) 'C'R29C70 TSP #2 and #3, and
'C'R30C64 TSP #3, the direction viewed is down. ['0'R12CB TSP #1 was not
analyzed at the mid-plane by metallography since a montage of SEM
photemicrographs had already been obtained, thus giving a good idea of the
extent of tube degradation at that support). Samples taken from the ISPs of
'C'R29070 and 'C'R30C64 were in one piece but did not include the 1/4 inch

wide section used in fractography. (Samples from the second and third TSPs of

'D'R12C8 represent the complete circumference, but those mounts were assembled

from several pieces.)

i.ongitudinal sections have been taken from each of the TSPs of tubes 'C'R29C70
and 'C'R30064, but have not yet been photographed. [ Longitudinal and

transverse sets of samples have been taken from the second and third TSPs of

'D'R12CB. Two sets were taken from the first TSP of 'D'R12C8. These sets

5-1
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v,

were used in a sequential evaluation investigation.)

S
(A longitudinal mount of the first TSP of 'C'R25C58, representing a half
cylinder extending from above the top of the TSP to below the bottom of the
1SP, was recovered from storage. It was broken out of its old mounting
material, which had shrank away from the edge of the sample, cut in half
transversely and made into a longitudinal and a transverse mount. The

longitudinal mount was investigated at one level while the transverse mount
was investigated at four levels, .050 inches apart.)

PROCEDURES

All mounts were prepared following ASTM procedures. Mounting compounds were
prepared according to the manufacturer's instructions. In most cases,
glyceregia was used as the etchant. Glyceregia brings out cracks in the
polished surface.

Photomontages of the [second and third TSPs of 'D'RI?C8 and the] TSPs. of
'C'R30C64 were made from the rhid TSP transverse mounts. Montages were not
made of 'C'R29C70 TSPs because inspection showed that little degradation had
occurred. The photomontages were done at either 45X or 50X, using Polaroid 52
film. After each photo was taken, it was pasted to poster board.

Depth of penetration measurements around the circumference of the mid-TSP

mounts were made using a 10X filar eyepiece, which had been compared with

I calibrated dial calipers.
1

RESULTS

Depth of penetration measurements fcr all TSPs are shown in Figures 5-1 to 5-
9. (In figure 5-1 the data is taken from the SEM montage of the
circumferential crack of 'D'R12C8 TSP #1. It is presented here for

0comparison. In this case the measurements were made every 10 .) In figures
5 2 to 5-9, the depth of penetration represents the deepest penetration within
each 10 increment. (figure 5-3 shows that a small 10 section was not

h5-2
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available at the mid-support plate plane. This is because the mid-support
plate plane was reassembled from three samples used in other tests and cutting
had resulted in loss of sample, figure 5 3 also demonstrates that the deepest
portion of the burst crack doas not necessarily occur at the mid support

,,

icvel.) The penetrations in tubes 'C'R29C70 and 'C'R30064 were judged to be
primarily intergranular stress corrosion cracks (IGSCC). (However,the
penetrations in '0'R12C8 were considered to be a mixture of mostly general IGA
and fingers of ICA with a small amount of IGSCC. The penetrations in the
second and third 15ps of 'D'R12C8 were characterized in greater detail, as is
shown in figures 5 10 and 5-11. In these figures, a finger was arbitrarily
considered to be IGA that was one to five grains wide. Zero grains wide was

considered a t. rack and general ICA was greater than five grains wide. Only
penetrations greater than 15% throughwall were characterized in detail. 50

' penetrations were identified in the 2nd TSP and 85 in the 3rd. All
penetrations were associated with one form of IGA or the other and

penetrations less than 15% throughwall were observed to be mostly general 1GA.
Only one significant IGSCC crack (>20% TW) was identified.) Tabic 5 1
summarizes the number of cracks or penetrations counted at the mid support
plane. Figures 5-12 through 5 17 present examples of the cracking found onO 'C'R29C70 and 'C'R30C64.

[ Sets of longitudinal and transverse sections were examined at sequential
levels approximately .025" apart. Table 5 2 summarizes the levels that were
investigated. Figure 5-18 presents an example of how degradation changes from
level to level. Both long and short axial penetrations are evident, figures
5-19 through 5 21 present examples of IGA and IGSCC at the three support
plates of 'D'R12C8.)

(L.ongitudinal and transverse mounts of the first TSP of 'C'R25C58 were also
inspected. The' transverse mount was inspected at four elevations, spaced
.050 inches apart, without etching the second and third levels. In no case
were any penetrations observed. Figure 5-22 presents views of 'C'R25C58 ISP

#1.)

O '~'
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Table 5 1

;
''

NUMBER Of CRACKS AT MID 1SP
|

lyhg ISE Number of Crackt

['D'R12C8 1 Estimated at 400]

['D'R12C8 2 50)
,

['D'R1208 3 85)

'C'R29C70 1 23 |

'C'R29C70 2 5

'C'R29C70 3 4

'C'R30C64 1 29

'C'R30C64 2 About 85

'C'R30C64 3 About 30

0

.

!

|

|

.
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(Table 52) |
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SEQUEf411AL GRlf4DS INVESTIGATED FOR 'D'R1208 y

!

| Denth (mils) -

|

TSP # DirectiSD - 0 U 10 H 100 10 110 1h
1

,

f1 Transverse Sample A X X X X - X X X X

{| 1 Longitudinal Sample A X X X X X
;

1 Transverse Sample B X X X X X X X X i

1- Longitudinal Sample B X X X- X- X X
,

i.

; 2 Transverse X X X X X

l'
2 Longitudinal X X X X X ;

3 Transverse X X X X X X X X t

j -

Longitudinal X X X X t3

I
,

|
,

!
_3

;

l' I
' ;

h

|i.

: ;
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Figure 5-6. 'C'R29C70 TSP #3 Degradation
Opticci Measurements of IGSCC/!GA Depth
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figure 5 13. Transverse View of 'C'R29C70 TSP #2 Cracking.
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Figure 5-14. Transverse View of 'C'R29C70 TSP #3 Cracking.
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figure 5-16. Transverse View of 'C'R30064 TSP #2 Cracking.
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Appendix 3

o
Westinghouse Energy Systems f,'|2h n,miism ens
Electric Corporation

December 13, 1991
ET-NRC-91-3648

Document Control Desk
US Nuclear Regulatory Commission
Washington, DC 20555

Attention: Mr. James E. Richardson
Director, Division of Engineering Technology

Subject: " Trojan Nuclear Plant Steam Generator Tube Repair Criteria for
Indications at Tube Support Plates"

Dear Mr. Richardson:

Enclosed is WCAP 13129 entitled " Trojan Nuclear Plant Steam Cenerator Tube
Repair Criteria for Indications at the Tube Support Plates" (Proprietary).

The enclosed document contains information which is proprietary to
Westinghouse Electric Corporation. Accordingly, we request that this
information be withheld from public disclosure.

We will comply with the requirements of 10CFR2.790 to provide proprietary
and non-proprietary versions of the above material together with an
affidavit as soon as the proprietary and non-proprietary versions have been
prepared. We will submit the total required number of copies of th6
proprietary and non-proprietary versions of the information and the required
affidavit at that time.

In the meantime, we have provided sufficient copies for your information a:.d
use. Ms. M. P. Siemien, Esq., of the NRC Office of the General Counsel, has
advised Westinghouse that she concurs with this procedure.

We expect to be able to fully comply with the requirements for the
proprietary and non-proprietary versions of the information and an
accompanying affidavit within four weeks.

Very truly yours,

/0Y "
S. R. Tritch, Man r
Engineering Technology

JMB/cid
-- Enclosure

-

O

C013!. :JuB/121191
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.
December 11, 1991
ET-NRC-91-3648
Page 2

bec: S. R. Tritch (ECE 4-02) IL, IA
G. Desaedeleer (Brussels) IL, IA
J. Cobian (Madrid) IL, IA
J. M. Moore (Expo 335) IL, lA
M. D. Beaumont (Rockville) IL, l A
H. Spinner (ECE 4-15) ll, lA (Ltrs, w/ Affidavits only)

O

O

C0134:JMB/121191
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