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EXECUTIVE SUMMARY

This report containg & 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
conclugions that have been addresgsed in more detail in the body of the
report. The organization o1 this Executive Summary is consistent with the
structure of the full report. For a detailed discussion of the factors that
support the FGE position, the full report should be reviewed.

INTRODUCTION AND PURFPOSE

The purpose of this report is to demonstrate, based upon months of extensive
examination, testing, and analysis, that reasonable assurance exigts that the
steam generator tubes left in service meet the applicable tube integrity
requirements.

During the 1991 Refueling Outage at the Trojan Nuclear Plant (TNFP), PGE
conducted inservice inspection (IS81) 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.

fvaluations of MRPC probe results indicate that axially oriented intergranular
stress corrosion cracking (I1GSCC) microflaws were present on the outer
diameter of tubes at the tube support plate (TSF) intersections. An
inspection of the affected steam generator tube intersections with the TSFs
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.

Outside diameter stress corrosion cracking/intergranular atts « (ODSCC/IGA)
microf laws meeting stringent repair criteria were left 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 +“auirements.

PCE 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 Fressurized Water
Reactor Steam Generator Tubes', Revision 1, dated July 1975,
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BACKGROUND

PGE conducted the first inservice inspection of the TNP steam generator tubes
in 1975. In 1989, the first year that an MRPC probe was used to confirm
bobbin coil probe possible indications (Ple), 199 tubes were identified as
having ODSCC/IGA at TSP intersectione. In 1990, 137 tubees were identified as
having ODSCC/IGA at TSP intersections. These tubes were removed from service
by plugging. Baesed in part un the number of OD3CC/1GA flaws discovered in
1989 and 1990, an extensive eddy current testing (ECT) program was planned for
the 1991 Refueling Outage.

RESULTS QF INSPECTION

American Society of Mechanical Engineers (ASME) Section XI, “"Rules for
Ins~rvice Inspection of Nuclear Fower Plant Componernts" (1983 Edition through
Summer 1983 Addenda), regquires 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). Notwithstanding successful use of the bobbin coil probe in eddy
current tests for identifying significant tube flaws, the MRPC probe has been
ghown to be more reliable at characterizing ODSCC/IGA. As such, MRPC probes
are used at TNP to confirm Plr identified by a bobbin coil probe.

In addition to ECT of steam genzrator tubes in place, several tube- wvhich
(according to ECT readings) had flawe were pulled to determine burst strength
and flaw characteristics. As a result of these tests, it was determined that
bobbin coil probe Aata from all four steam generators ghould be re-examined to
identify Pls with similar degradation. These and other analyses led to the
conclusion that additional repairs were warranted. Also, additional
conservatlsn was added to tube repair thresholds in that tubes which had
ODSCC/1CA microf laws identified by bobbin coil probe Pls, with a voltage
amplitude greater than or equal to 1.0 V (normalized to a S V standard on

20 percent through-wall hole per the ASME Code), and confirmed by MRPC probe
results alsc were repaired.

EVALUALTON OF PULLED TVEES

Eight steam generator tubes with TSP intersections were removed from Trojan
Steam Generators C and D. With two exceptions, removed TSF intersections were
burst/leak tested. In sum, it was determined that for tubes that have been in
gervice: (1) various forms of intergranular corrosion morphology were
observed - from 1GA to 1GSCC; (2) burst strengths are usually close to that of
a nondegraded tube; (3) the number of axial flaws around the circumference of
a tube varies conciderably from one TSP intersection to another; (4) the
variation in the number of flaws suggeste that the chemical conditions for
ODSCC/1GA may be localized in a relatively small circumferential arc of a TSP

TR =R NIREENATREE— W T Y R
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crevice, or may extend uniformly arcund the tube; (5) usually, the length of
the intergranular burst flaw is less than the thickness of the TSF; and (6)
burst tests demonstrate that notwithstanding tube ODSCC/IGA flaws, NRC

RG 1.121, "Bases for Plugging Degraded PWR Steam Generator Tubes™, duted
August 1976, will still be satisfied 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 pei).

ACCEPTABILITY OF TUBES REMAINING IN SERVICE

The inspection criteria that has been used during the 1991 Refueling 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 TSF
intersection; (2) 100 percent MRPC inspection of hot leg TSF intersections up
through the fifth TSP intersection and of bobbin coil probe Pls; and (3) MRFC
inspection of a sample of hot leg sixth and seventh TSF 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 ingpection criteria resulted in the repair of tubes that had bobbin
coi! probe Pls, which were confirmed by MRPC probe to have ODSOC/1GA,

Revigion 2 (finalization of Revision 1) inepection 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 TSF 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 MRPC 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 satiefy the tube integrity requirements of
NRC RC 1.121. This approach considered other factcrs such as future
degradation of the tube, ECT measurement uncertainty, and anticipated end of
Operating Cycle (e0C) bobbin coil probe 'oltage. Furthermore, the projected
increase in rees cor coolant outlet temperature of 2.2°F, as a result of
plugging the analyzec 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
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longitudinal flaw should be ler. .Lan the leak rate limit specified in TTS.
ltems 1 and 2 are satisfied witbout consideration of the constraint of the TSP,

In sum, evaluations of burst tesi data conclude that because NRC RC 1.121 has
been satisfied, mdequate structural integrity and margin against tube burst
remaing. Similarly, it has been concluded based on tnis margin, there is »
3.4 x 1070 probability that a tube rupture will occur in a TNF 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 ANALYS1S ASSOCIATES. INC. (FeAA) QVERVIEW

FaAA was retsined 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
analyzis of ECT results for hundredes of axial indications for the past two
operating cycles provides & basis to establish degradatio~ growth rates based
on voltage used in tube integrity assurance analvses; (4, tube integrity will
be maintained per Westinghouse analyses and TNF's conservative basis of
repair; and (5) FaAA concurs with the Operuting Cycle 14 plan to (a) continue
operation with high purity water, (b) implement planned improvements in water
chemistry analytical instrumentation; (c) provide for gcientific study of
crevice chemistry and the uee of crevice chemistry computer models through
short-term controlled species injections, while maintaining water chemistry
control within current Electric Power Research Institute (EFRI) guidelines;
and (d) make changes as required to improve tube-to-TSP intersection crevice
chemistry consistent with EPRI guidelines.

QPERATIONAL ENHANCEMENTS FOR FUEL CYCLE 14

Several operational enhancements will be implemented prior to, or during
Operating Cycle 14, These enhancements are intended to either minimize the
likelihood of & 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 1 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
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comply with increasingly stringent recommende” impurity etandards. 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-TSF
intersection crevices, which is & 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, FGE
plans to change the water chemistry to achieve a near-neutral tube-to-T§F
intersection crevice chemistry condition.

(3) The present TTS primary-to-secondary leakage limit of 500 gpd per steam
generator and total of 1 gpm will be reduced substantially to 130 gpd per
steam generator and total of 400 gpd in a TTS change that will be
submitted to the NRC in the near future. In addition, PGE plans to
implement an additional edministrative control that will reduce the
allowed primary-to-secondary leak rate for Operating Cycle 14 to BO gpd.

(4) Training for operators has been augmented to ensure operator ability to
detect and correctly respond to a notential 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
geveral other facilities.

CONCLUSION

PGE has demcnstrated that the condition of TNP steam geneiators prior to
restart will satiefy TTS and NRC RG 1,121 regquirements in that: (1) tubes

will
have
left

not be left in service which contain structurally significant flaws that
an average depth exceeding about 40 percent through-wall, and (2) tubes
in service with ODSCC/IGA microflaws at the TSP intersections will not

become unserviceable prior to the next refueling outage.

Accordingly, PGE has determined that TNP steam generators will Le acceptable
for restart.
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inspections and examinations were revised and expanded during the

course of the outage.

Evaluations of MRPC probe results also identifisd the presence of
ODSCC/1GA microflaws (those flaws which may extend to a maximum depth
greater than 4«0 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 retein their
structural integrity. An evaluation was completed to demonstrate that
steam generator tubes with the identified ONSCC/IGA microflaws meet the
eriteria of Nuclear Regulatory Commiseion (NRC) Regulatory Guide

(RG) 1.121, “Bases for Plugging Degraded PWR Steam Generator Tubes",
dated August 1976,

PGE plans to request NRC approval of a clarification to the TIS§ for
gteam generator tube integrity to dis!inguish acceptance criteris for
ODSCC/1CA 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 staf’ 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 1875. TTS 4.4.5.5, "Steam
Generators, Reporis', Item a, reguires that as a routine matter,
"following each inservice inspection of eteam generator tubes, the
number of tubee plugged or sleeved in each steam generator shall be
reported to the Commission within 15 days.” This information s been

provided in Section 111 of thie report to the degree known at tais
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pitting. This pitting and other modes of degradation were addressed by
a numbcr of changes which were made to the secondary system and

pecondary wates to improve steam generator chemigtry,

In 1989, PGE identified axially-oriented 1GSCC in several steam
generator tubes. This degradation was located on the OD of the tubes
at their intersections with the TSFs and was called "ODSCC™, In 1989,
the firet year that the MRPC probe was used to confirm bobbin coil
probe Pls, 199 tubes were identified as haviag ODSCC/IGA in the TSF
intersectiong. 1 1990, 137 tubes were identified as having ODSCC/1GA

in the TSP intersertions. These t _.s were removed from service by

plugging.

Based in part on the number of ODSCC/IGA flaws discovered in 1989 and
1990, an extensive ECT program was planned for the 1991 Refueling
Qutage. Furthermore, it was planned to pull tubes having
representative flaws from the steam generators for destructive

examination.

RESULTS OF INSPECTION

A. Eddy Curxent ITesting lospection Methodology

American Society of Mechanical Engineers (ASME) Section XI, "Rules
for Ingervice Irspection of Nuclear Power Plant Components”, 1983
Edition through Summer 1983 Addenda, requires examination of steam
generator tubee. This requirement is gatisfied by using eddy
current techniques described in ASME Section V, "Nondestructive

Examination", 1983 Edition through Summer 1983 Addenda.
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The following is a description of the types of probes end coil
arrangements used for ECT at TNF curing the 19yl Refueling Outage:

1. Bobbin coil . :obe can be manufactured in absolute or

differeatial coil arrangements. PCE uses the external
reference, differential coil arrangement for inicial

examination,

a. Ditferentisl si.nal arrangements use two coils opposed to
one another, When a different condition is presented to

one of the coils, an output signal is penerated, Short
discontinuities such as cracks, pits, or other localized
digcontinuities with abrupt boundaries can be detected if
the'r size is larger than the {ields generated by the

differential coils.

. b. Absolute signals messure the absolute value of the eddy

current conductivity and therefore do not rely on

differences hetween adjacent closely spaced coils.

MEPC probeg refers to the motorized rotating pancake ‘oil probe
assembly, Initially, PGE used an MRFC probe containing a
gingle coil. Following the initial 1991 Refueling Outage MRPC

r
-

probe evaluation, PGE changed to a probe containing three
coile, rather than a single coil, for examinations. The first
coil is axially seusitive, the second is circumferentially
gensitive, and the third one is isotropic (pancake), which is

gengitive to flaws “n both the axial and circumferential planes.

Industry use of the bobbin coil prote to perform nondestructive

examination (NDE) inspections of steem generators has been accepted
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by the NRC for many years. This type of probe has proven to he
very successful in de*ecting significant tube flawe. Use of an
MRPC probe to supplement or verify bobbin coil probe Fls is an
enhancement of presently accepted steam generator inspection
methods, anu has only recently been used by industry. In NEC
Information Notice (IN) 91-67, “Problems With the Reliable
Detection of Intergranular Attack (IGA) of Steam Generator Tubing",
dated OclLober 21, 1991, which focused on TNP, the NRC staff
acknowledged that, "The threshold st which 1GA can be detected
reiiably with MRPC ard bobbin probes is not well understood."
Notwithstanding NRC staff concerns regarding this matter, the NRC
staff has rot required, as a generic matter, that licensees use
more sengitive probes (such as the MRPC). DPGE, however, has
implementnd 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/1GA in confirming Pls identified by the bobbin coil probe.
Since it provides an absolute response, the MRFC probe provides
flaw nrientation display, and is capable of detecting slight
changes 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 (SA1) or
multiple axial indication (MAI). SAl refers to a gingle axial flaw
which may te composed of several axial flaws whizh have grown
together. MAl refers to a population of axial flaws that do not
appear predominantly as a single flaw. This method was alsc used
to identify an indication referred to as a "3:1 indication". Axial
indications reported as 3:1 indications are low level MRFPC probe
gignals t.at 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
tubes 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/Combustion Engineering (ABB/CE). The remaining strength of
flawed tubes wae 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.

Eddy Current Testing lnspection Results

This section discusses the ECT results of the inspections of the
INP steam generator tubes during the 199] Refueling Outage from the
beginning of the outage on April 15, 1991, through Nevember 1991.
The planned steam generator tube inspection program was expanded
and revised during the course of the 1991 Refueling Outage.

Figures 1!I-1A and 111-1P display the repair sequence and logic

used throughout the 1991 inspection and repair program.

The 1991 Refueling Outage original steam generator inspection sccpe

included:

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

generators.

S

Cold leg bobbin coll probe examination of 20 percent of the

tubes in Steam Generator A.
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bobbin coil probe phase angle, bobbin coil probe call, MRFC probe
voltage, MRPC probe phase angle, MRPC probe call on type of flaw,
and type of repair performed. An additional 38 tubes wvere
jdentified as requiring repair for other defects, including one
with a defective inner diameter sleeve installed in 1990, The
Revision 0 (1991 Refueling Outage original inepection scope) repair

efforts were completed on May 17.

A pulled tube from 5Steam Generator D, Row 12, Colum 8 (D R1208B)
was gent to ABB/CE for analysie under a joint agreement between FGE
and the Electric Power Research Institute (EPR1). Om July 18,
1991, initial results were received from ABB/CE regarding the
analysis of D R1208, The analysis st ed 1GA and ODSCC at the
first, second, and third TSP intersections, extending a maximum of
92 percent, 4B percent, and 55 percent through-wall, respectively.
The ECT of the second and third T3P ntersections, prior to the
tube pull, did not identify this degradation as requiring repair

based on Revision 0O criteria.

Based on the analysis of D K12C8, discussed in greater detail in
Section 1V, it was determined that the bobbin coil probe dats from
the four steam generators should be re-examined to identify Pls of
the type of degradation that was observed in D R12C8B. The concern
wag that flaws of this type were not anticipated in the initial
bobbin ceoil probe data screening.

In August, ANA issued "Amended Guidelines for Reevaluation of
Spring 1991 Bobbin Data" (cee Appendix %) to provide more
congervative criteria for reporting bobbin coil probe Pls.
Additionally, Revision 1 of ANA's "Supplemental Analysie

Guidelines” was issued to provide direction for use of the 3-coil
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MRPC probe., Revigion 1 was superseded shortly thereafter by

Revision 2, which incorporated minor clarifications.

The “Amended Guidelines for Reevaluation of Spring 1991 Bobbin
Data" and Revigion 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 Pls for
the type of degredation seen in the pulled tube gample was
jidentified using the new criteria. The additional bobbin coil
probe Pls were examined with the three-coil MRPC probe per
Revision 2 of the "Supplemental Analysis Cuidelines”.

While this effort was ongoing, inspections (using the three-coil
MRPC probe) of inLersections without bobbin coil probe Pls were
also being performed. Of 200 such intersectione inspected, eight
were identified as reguiring repair. Based on these results, MRPC
probe examinations were conducted o 100 percent of the TSP
intersections from the first througt the fifth T8Ps, and a
statistical sampling program was couducted at the sixth and the
seventh TSPe. As & result of this conservative multi-method
approach, 1,824 tubes were identified for repair as a result of
ODSCC/I1GA 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 efforts were
completed on October 24, 1991. Ome thousand one hundred
ninety-three (1,193) tubes were plugged, and 631 tubes were sleeved.

As & 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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maximum depth of 55 percent, The mecond TSP intersection, which
was characterized ae having MAI requiring repair, showed ONSCC with
a maximum depth of 64 percent. The third TZF intersection, which
was characterized as having a 3:1 indication not requiring repair,
showed ODSCC microflaws with & maximum depth of 50 percent. None
of the TSP intersections had extensive IGA such as was found at the
TSP intersections of D R12C8.

The 1GA reported for C R29C70 and C R30C64 involved the very
outside surface of the tubes, was confined within the TSP region,
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 R29C70 and C R30Cé4, disc:ssed in
greater detail in Section IV, it was determinsd that previous MRPC
probe ECT data and MRPC probe raw dats should be re-examined to
identify tubes with early stages of ODSCC degradation. The concern
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 reguiring 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
¢ifth TSPs for sampling at the sixth and seventh TSPs, and for
i~tersections at the sixth and seventh TSPs with & bobbin cois
probe voltage amplitude greater than or equal to 1.0 Vy (0.8 V!
As a result of this approach, approximately 500 tubes have been
jdentified thus far for repair due to ODSCC/ICA microflaws at the

TSP intersections. The Revigion 3 repair efforts are in progress.
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Affected tubes are being plugged or sleeved, Additionally, five
more tubes were pulled and - it to ABB/CE for destructive
snalysis. The analysis of these tubes is discussed in Section .

In summary, tubes have “een repaired which had degradation
identified for repair by MRPC probe based on Revigion 2 of
"Supplemental Analysie Guidelines". Then, to provide additional
conservatisn, tubes which had ODSCC/IGA microflaws identified by
boblin coil probe Pls with a voltage amplitude greater than or
equal 10 1.0 Vg (0.8 Vy) and confirmed by MRPC probe based on
Revigion 3 of "Supplemental Analysis Guidelines' are also being
repaired. A sumrary of the steam generator tube repairs thus fer
for each steam generator are given in Table I111-1, "Preliminary
Status of Steam Generator Tube Repairs for the Trojan Nuclear Flant
1991 Refueling Outage'.

‘ 1V. EVALUATION OF PULLED TURES

A.

General Description of Degradation

Various forms of intergraaular corrosion were observed on the TSF
intersections of tube samples pulled from TNP steam generators.
Intergranular corrosion morphology can vary from IGA to 1G8CC to

combinations of the two.

1GA is defined as a three-dimensional localized corrosion
degradation of grain boundaries. The radial dimension of IGA is
relatively constant when viewed from different axial and
circumferential coordinates. ICGA can occur in isolated patches,
referred to as "patchy IGA", or as general networks, referred to as

“general IGA", which may encompass a larger area up to the entire
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tube gurface within the concentrating crevice. The growth of 1GA
is dependent on the local chemical environment as it exists in the
crevice and is relatively independent of the stress in the tube

material.

1G8CC is defined as a two-dimensional corrosion degradation of
grain boundaries that is strongly stress dependent. IGLCC is
typically observed in the axial-radial plane ‘7 steam generator
tubing, but can occur in the circumferential-radiel plane or in
combinations of the two planes. 1GSCC can occur as a single,
two-dimensional crack, or it can occur with branches extending from
the main plane. Both of the IGSCC variations can occur
gimultaneously with general or patchy IGA. The IGA component can
occur simply as an IGA base with I1GSCC protruding through the 1GA
base or the 1GSCC plane may have & gemi-three-dimensional
characteristic., Baged or laboratory corrosion tests, it is
believed that IGSCC protrusions with significant 1CGA aspects grow
at rates similar to that of IGSCC, as opposed to the slower rates
usually associated with 1GA alone. ' .en IGSCC and IGA are both
present, examination shows that ‘he IGSCC grows mcre 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
dengity of axi=" laws (MAl) are present, and where these flaws
also have signi -+ 1GA componeate, the ou v surface of the tube
(flaw origin s. . .ce) may have patches with t, re-dimensional IGA.
Axial overload of the tube (such as occure during tube pulling) mey
preferentially open up circumferential features on the outer

surface of the tube within the three~dimensional network of 1GA.
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Tiese features are sometimes referred to as circumferential flaws,
even though the axial 1GSCC in the same TEF intersection s deeper
and ig the dominant con “‘hutor to tube strength degradation,

Discussion of Destructive haamination

Eight ateam generator tubes with TSP intersectionc were removed
from TNP Steam Generators « and D durirg the 1991 Refueling

Outage. The tube samples were analyred by ABR/CE. The results of
the analysis are provided in Report CE-NPED-706, "Trojan Steam
Generator Tubing Lsstructive Examination Interim Report”,

(Appendix 2). Appendix 2, Table 1-1, "Trojan Tubes Removed for
Destructive Examination in 19917, i{ets the specific tubes which
were analyzed, With two exceptions, removed TEP intersections were
burst/leak tested. The results of these tests are shown in
Appendix 2, Table 3-1, "Burst Test Cummary".

With th, exception of D R12C8, which will be discussed later, burst
tegted TSP intersections were sectioned to provide a burst face
surface (axial or longitudinal) scanning electron m’ :roscope
srmple, longitudinel metallographic sample near the burst face
surface, and mid-gupport plate transverse metallographic sample.
The axial buret face surface was photographed at a magnification of
elther 30 or 40 times actual, and measured to determine certain
guantities of metallurgical interest. These measurements are
summarized in Appendix 2, Table 4-1, "Montage Measurements”,
Sections from a typical muntage are presented in Appendix 2.

The &n, lyses of longitudinal and transverse metallographic samples
from all eight tules have not yet besn completed. Results of these
evaluations, which are not expected to alter the conclusion of this
report, will be provided to FGE by ABB/CE. For typical conditions
found, the examples taken from the first three tubes are shown in

Appendix 2.
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Tube D RLACH

Actions taken for the first pulled tube, D R120K, were an exception
to the examination process described above. 1 this instance, the
first TSP antersection was subjected to & leak test, but was not
subsequently burst tested. Because it appeared that the tube
gection had been damaged in pulling, it was felt that a full burst
test would not be the best use of the mater' !, instead, the
degraded TSP intersection of the tube war *-ated by puliing
axially on a tensile machine, allowing examination of the na' ire of
the degvadation in the resulting cirowiferential fracture surface.
Geanning electron microscope and »stallographic examination found
1GA and ODSCC, The maximum dep'h of general IGA was 43 percent
through-wall, Intergranula: penetration of 92 percent also wap
obgerved. The average flaw depth over this TSP intersection was

3R percent.,

The second TSP intersection was examined by metallogiaphy without
buret or tensile fracturine, The maximum depth of intergranular
penetrat. ra was found to be 48 percent, with the maximum depth of

general 1GA ot approximately 27 percent.

The third TS8P intersection was subjected to a burst test, the
results of which are shown in Appendix 2, Table 3-1, Foth general
and patchy IGA of up to 33 percent through-wall depth und discrete
ODSCC were observed in different are _ of this TSP intorsection,

18P intersections from subsequent tibes (except for C R12070, TSP
Intersection 2) were burst tested and examined %e described
earlier. These TSP intecaections sometimes exhibited small patches
of 1GA in addition to ODSCC, The ODSCC degradation was the
1émiting flaw with respect to the buret pressrre snd the structural

strength of the tube section.
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Observations made on the tegl results obtained to date are as

follows!

1.

Purst strengths are usually close to that of a nondegraded
tube, Furthermore, where comparisons (D R12CE, T&F
Intersection 3 and C R29C70, TSP Intersection 1§ € RIOC6L, TSP
Intersection 1 and TSP Intersection 2) could be made among
ODSCC flaws of comparable deptha, the burst strengths appesr to
be unaffected by associated 1GA of up to 33 percent.

The number of axial flaws around the circumference of the tube
varies considerably from one TS® intersection to snother. This
does not appear to he an important factor in determining the
buret pressure. Buret pressure is directly aspociated 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 suggesis that the deepest and longest
flaw determines the strength of that tube,

The variation in the number of flaws also suggests that the
chemical conditions for degradation may be localized in a
relatively small circumferential arc 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.

The naturs of the degradation seen at the first and second TSP
intersections of D R12C8 suggested that the mode of degradation
was general and patchy 1GA narrowing to intergra.lar
perstratins as the stress level increased in the thinning
wall. This type of degradation aleo was observed in certain
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regions of the third TSP intersection, However. the third I8P
also contained discrete ODSCC, with no assoclated 1GA,

This finding is consistent with an alternative hypothesis that
the initial penetration was by ODSCC, which is normally & more
rapidly propagationg mode of attack, When the tube was removed
from survice, the tensile hoop stress was eliminated and the
chemical concentrating mechanism was greatly dimir shed. This
could place the region in a chemical potential environment
where 1GA could propagate and broaden the existing ODECC to the
point where it appeared to be IGA penetrations. Significant
general 1GA has not been observed in tubes in continuous
pervice at TNFP, but patchy 1GA has been observed.

5. Usually, the length of the intergranular burst ’iaw {s less
than the thicknese of the T6F, In some instances, however,
this length exceeds the ihickness of the TSP, This should be
clearly differentiated from the total buret lengths which do
excasd the TSP thickness, This latter burst length includes a
substantial amount of ductile tearing when the tube wag burst,

The reported measurements of the intergranular burst flaw
length are (because of specimen geometry, axial gtrain from
pulling, and other factors) conservative upper bound
measurements of the actual length., However, even if these
could be and were corrected, some intergranular _urst flaws
extended elightly beyond the nominal thickuess of a TSV,

6. Burst tests demonstrated that notwithetanding tube flaws, NRC
RG 1,121 is satisfied since buret test pressures have exceeded
the maximum differential pressure for a ateam line break
(&Pgyp) of 2,260 pei and three times differential pressure for
normal operating conditions (3AFyq) of 4,275 pei at TNF.
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are requived. POE 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,

The chemical environment in the tube~to-TSF intersection crevice is
different than the bulk water chemistry as a result of the
concentrating mechanisem in the crevice region. The concentrating
mechanism is the restriction of flow in the tube~to-TSF
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-Lo-TSF inte:section gap i reduced
by the oxidation of the carbon steel TSP material and accumulation

of deposits.

Tras, the local chemical environment is determined by the
concentrating mechanisme inherent in the design and by the bulk
water chemistry in the steam generator. EFR] guidelines on bulk
water chemistry, which have been followed at TNP, specify low
1imits on sodium, chloride, and other impurities. These limits are
g0 low that congiderstion of the ratios of sodium and similar
species to chloride were previously thought unimportant. However,
it is now recognized that these ratios can be important in
determining the chemical environment in the tube-to-TSI
{ntersection 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 analysie becauvse!

1. Sodium is normally associated with the development of these
flaws under alkaline conditions.
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2. Chioride is the dominant acidic species in solution,

3, Sodiwn and chloride are dominant species in prompt hideout-
return (which suggests that these species are aspocinced with
one another in the crevice region’.

4. MULTEQ (EPRI crevice chemiastry computer code) results generally
predict that because of high solubility and low volatility,
godium and chloride are generally the dominant species in the
concentrated crevice chemistry solution,

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 from September 1984 through May 1965, 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 1686, a
temporary demineralizer wae installed on the steam generator
blowdown and may have caused a slight increase in the godium-to-
chloride ratio from January to March 196

Three tubes were removed from Steam Generator C “uring the
1986 Refueling Outage. The destructive examination of these tubes,
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as referenced in EPRI Report NP-6362-8D, “Examination of Pits in
Trojan Nuclear Plant Steam Generator Tubes™, dated May 1969,
revealed numerous pits. Chemica® snalyses of the corrosion
products and surface oxides gave results consistent with the acid
erevice 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, 1GA an”/or ODSCC was not identified
in this sample, which suggests that I1GA and/or ODSCC probably
initinted after June 1986,

Hideout<return i¢ & phenomenon in which chemical species typically
located in crevices come out of and return (redissolve) iuto the
bulk steam generator water. Hideout-retuin studies were conducled
in April 1986 at the completion of Operating Cycle 8. The details
are referenced in EPR] Report NP-6455, “Field Studies on
Intergranular Attack', dated August 1989, The sodium-to~chloride
weight ratios in the prompt hideout-return ranged from 1.5 to 3.0,
with considerable variation between steam generators., Crevice
hicdeout-return tests referenced in EPRI Repurt NP-4678, "Crevice
Hideout Return Testing", dated July 198C, indicate that prompt
hideout-return sodium-to-chloride weight ratics of 1.5 to 3.0 are

not unusual,

Flant conditions during Operating Cycle 9 (June 1986 through

April 1987) returned to a more typical historic pattern with a
sodium-to-chloride molar ratio averaging 0.77 in the steam
generator blowdown. A new titanium condenser vas installed during
the 1987 Refueling Outage to reduce the likelihood of introducing

contaminante from condenser in-leakage.
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Westinghouse Report, "Trojan - Reviev of Becondary System Chemistry
1987/1988", transmitted to PGE by Letter POR-R9-64LE, dated

December 15, 1989, reviews secondary chemistry conditions at TNF
during 1987 and 1988, and specifically focuses on hideout-return
results obtained in April 1987 and April 1988, This analysis
indicated an excess of sodiun species with respect to anionic
species in an approximate range of 3 to 45 ppb over the first

23 hours of the hideout-return period,

Water chemigtiry conditions during Operating Cycle 10 (August 1987
through April 1988) 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-pH morpholine secondary
chemistry program, Over the remaining part of the operating cycle,
the sodium-to-chloride ratio increased quite dramatically, largely
as & result of a reduction in Lulk water chloride content

associated with the rewsoval 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 oper. .o of the condensute polishers. These
polishere are capable of removing approximately BO percent of the
influent sodium and up to 50 percent of the chloride, ss referenced
in EPR] Report NP-3037, “Condensete Polishing at Surry Nuclear
Power Station", dated June 1983, Thus, the polishers tend to bilas
the polisher effluent stream toward a chloride~rich condition, In
a separate study dated March 15, 1989, & nationally recognized
expert, Dr, Sallie Figher, performed tests of different resin

ratios of powdered resin., Tests with cation~to-anion resin ratios
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ranging from 1.0 to 3.3 produced a combined effluent having ao
approximate sodium-to-chleride molar ratio of 0.77. From Operating
Cycles 2 through 7, and aleo during Operating Cycle 9, average
sodium-to-chloride molar ratios 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 (EOC-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, ruggesting neutral to slightly alkaline

conditions in the crevice 1egion.

A new steam generator blowdown system was installed during the
1968 Refueling Outage, signiticantly increasing blowdown vapacity.
This eystem incorporated deep bed demineralizers to treat the
blowdown, and had the effect 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 Operating Cycle 11 (July 1988 through April 1989) to
an average value of 3,14, Morpholine injection was started in
Sejtember 1988 after the polishers were taken out of service,
Occagional condenser in-leakage required periodic use of the
condensate polishers to contrel impurities in the steam generator

blowdown,
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Adams and Hobart also reported sodium and chloride concentrations
from which PGF calculated a molar ratio of approximately 3.8 in the
steam generators, corroborating INF 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 Adars and
Hobart and was not generally recognized by the industry as
significeant.

In March 1990, hideout-return results were again obtained and
analyzed by Westinghouse. Based on sodium plus
potassium-to-chloride equivalency concentration ratios,
hideout-retutn ratios varied from 9.1 to 22.1. These ratioe
irdicate a significant accumulation of ceustic species in the
crevice region during Operating Cycle 12 operation. Eddy current
inepection activity during the 1990 Refueling Outage identified a
gignificant number of sdditional tubes with ODSCC/IGA at the TSP
intersections that required plugging.

fperating 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 TNF analytical chemigtry squipment,
Consequently, the analytical parameters for these species during
Operating Cycle 13 do not appear to be useful indicatores of the
bulk water chemistry. Hideout-return results exhibited very low
contaminant concentrations compared to previous hideout-return
episodes. Although the ratiocs of scdium-to-chloride were still
high at bot standby, the coucentrations were low with the maximum
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reported sodiwm concentration of 7 to 12 ppb and maximum chloride
of 2 ppb. The presence of caustic conditions in the crevices 1s
consistent with the development of ODSCC/IGA in the tube-to-TEP

intersection regions.

In sumnary, ODSCC/1GA has occurred even though hyperpure water
chemistry has been achieved at TNF, Prior to Operating Cycle B,
the secondary water chemistry was such that acidic conditions
probably existed in crevices and/or other regione where
concentrating mechanisms operate., Since 1983, several actione were
implemented to reduce the concentration of impurities and to meet
increasingly stringent guideliies on water chemistry. These
actions included the purchase ¢f low chloride anion resin to reduce
ehloride concentration; removal of copper alloy feedwater
components to reduce copper depusition in the steam generators;
installation of & condenser with titanium tubes to reduce the
likelihood of in-leakage; and installation of a higher capacity
gteam generator blowdown system with deep bed demineralizers to
improve the removal of contaminants. In spite of these
improvemcnts, since 1988 (Operating Cycle 10), the seconoary bulk
water godium-to-chloride molar ratio has been gignificantly greater
than one, such that the crevices are in an alkaline (caustic)
range. Recent studies of chemical hideout-return phenomens based
on sodium plus potassium-to-chloride equivalency ratios greater
than one indicate caustic conditions have existed in the crevices.
In the chemical environment of the tube-to-TEP intersection

crevicee, Alloy 600 may experience ODSCC/IGA.
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ACCEPTABILITY OF TUBES REMAINING IN SERVICE

A. Projected fnd of Operating Cycle Conditien
1. JTubes Left in Service

a. The following summarizes the !nspection and tube repair
bagie used for the TNP 199] Refueling Outage steam
generator tube inspection for potential flawe at the TSP

intersections:
1) Inspection:

(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 Fls.

(¢) MRPC probe inspection of a sample of hot leg sixth
and seventh TSP intersections and of hot leg sixth
and sevent!, TSP hot leg intersections with bobbin
coil probe voltage greater than 1.0 Vg (0.8 V).

2) Tube Repair Basis:

The objective of the tube repair methodology 1s to
gatisfy the structural integrity requirements of
™6 L.4.5.4, "fteam Cenerators, Acceptance Criteria".

This is accomplished by the following!:
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Repairing all bobbin coil probe Fls if confirmed
a8 MA! or SA1 by MRPC probe inspection having
amplitudes above the noise level.

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 associsted bobbin
coil probe voltage and also for MRYC probe
indications not identified by bobbin coil probe
inspection, Thie repeir practice i¢ consistent
with recent industry practice and EPR] guideiines
for satisfying technical specification
requirements for tube plugging. The nearly

100 percent MRPC probe inspection is more

extensive than industry practice.

Repairing all tubes having MRPC probe 3:1)
indications with associated bobbin coil probe
indications of 1.0 Vy (0.8 V) or greater. Thie
represents a conservative repair guideline for the
3:1 indications.

Allowance For Degradation

Degradation of the OD of some TNP steam generator tubes at the

18P intersections has been observed due to the formation,

growth in depth, length, and gradual linking togethe of
ODSCC/1GA microf laws to form SAl and/or MAL,
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Extensive burst testing (21 TSP ‘ntersections from & pulled
tubee) has shown that the degradation of tube dntegrity ie
related to both the overall depth and leugth, and the details
of the ligame~t array which bridges scross the microfiav array
forming the indication (SAI, MAT), The degradation and ite
growth is characteriped from the eddy current inapection
results in the TEP intersection regions of the Trojan steam
generators., Specifically, bobbin coil probe voltage is used to
estimate the effective degradation due to ODSCC/IGA.

fubsequent to the discovery of ODSUC/IGA, further analysis of
the eddy current data from the last three Trojan inspections
(1989, 1990, and 199]1) ~aps performed 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 Criteriam for Indications at
Tube Support FPlates', dated December 1991 (Appendix 3)

Table 5.3, "Voltage and Growth in Indicated Depth Analysis of
1991 Possible Indications"”, provides the results of the

inservice inspection analysis.

One thousand three hundred twenty-nine (1,329) Pls with OD
phase angle responses were noted in 1991. Tue average bobbin
voltage amplitude for th_se indications is 0.89 V4 (0.71 V).
These 1,329 {adications were traced back to the 19%0
inspection, It appears from the 1990 bobbin ceil probe dats
that there was evidence of 806 indications in 1990, The
average amplitude at that vime was 0.68 Vo (0,54 V).

Five hundred sixty-one (561) of the 806 signals could be traced
back to 1989, The average amplitude at that time was 0,60 Vq
(0.48 V). Comparisors made in Appendix 3, Table 5.5, "Trojan
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Bobbin Coil Voltage Growth Rates for Indications with 0D Phase
Angles in Consecutive Inspections”, and in Appendix 5, Table 1,
“Growth of Bobbin Voltage Per Cycle', and Table 2, "Growth of
Pobbin Voltage Per Cycle', show that the voltage growth rates
per cycle ere relatively independent of the specific population
of OD Pls analyeed. Although there is substantial variance in
apparent voltage growth, Appendix 5, Table 2 shows
MRPC-confirmed OD Pl indicate similar average voltage growth
rates and similar differences between the generators.

Appendix 5, Table | summarizes the bobbin coil probe voltage
growth obeerved in each of the four steam generators as well as
the average of all four generators in Operating Cycles 12
(1986-1990), 13 (1990-1991) and the total of 1989-1991., The
average voltage growth for the 806 indications present in the
gteam generators at beginning of Operating Cycle 13 (BOC-13) in
1960 and at EOC-13 in 1991 was 0.24 V4 (0,188 V). The average
voltage gr ~*h rate was lower in 1989-1840 [(0.10 Vq

(0,078 V)] than in 1989-1991 [(0.17 Vy (0,134 V)], The
average voltage growth rate was laryest for Steam Generator D
[0.28 vy (0,225 V) per cvcle tor 1939-1901].

As is digcussed in Section 1V.C, the larger voltage growth
experienced during Operating Cycle 13, compared to during
Operating Cycle 12, is consistent with & continuing increase in
tube-to=TEP intersection crevice alkalinity, The plan for
Operating Cycle 14 to address obhtaining & near-neutral crevice
chemigtry, while maintaining high water purity, makes Operating
Cycle 13 voltage growth rates congervative for use in

projecting EOC-14 voltages.
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Detailed statistical analysis of the voltage growth was
performed 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
different forms used to represent the statistical distributions
of the true voltage growth and the measurement uncertainty
(error). Appendix 5, Yigure 1, "Histogram of Observed and
Modeled Voltage Growths', shows ihe observed and modeled
digtribution increments using the gamma distribution for true
voltage growth and two different forms for the meagurement
uncertainty distribution, Referring to Appendix 5, Figure 2,
nCumulative Probability Distribution of Observed and Modeled
Voltas’ Growths', the fit of either distribution was excellent
and  satles accurate modeling 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 rate near the true voltage
growth average of 0.24 Vy (0,188 Vy) per operating cycle, but
that some small percentage of indications show higher voltage
growth, Appendix 5, Table 4, “Critical Values from the
Estimate of the Distribution of True Voltage Crowth', and
Figure 3, "Estimated Probability Density Funection of True
Voltage Growth", provide more detailed characteristics of the

voltage growth distribution.

Flugging of the steam generator tubes to the eanalyzed limit of
20 percent results in a projected increase in reactor outlet
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 hobbin coi. probe voltage. The
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signal. Therefore, & comparison of absolute values and changes
in voltage amplitude by different organizations mus' vongider
also, the specific procedure Leed to calibrate inhe ECT system.
Pesides the 0.8 adjustment for the differerce in the TNF and
Westinghouse ECT system voltage settings, cross calibration
using the same standard showed thut TNF voltage meagurements
should be reduced an additions. 15 percent for compa-ison to
Westinghouse data as follows:

Vg = 0.8 Vg x (1 = 0,15).

However, congider’ng the assumption regarding the increase in
flaw aversge grooth rate due to the increase in reactor outlet
coolant temperture described in Section V.A. 2, NP voltage
messurements are incressed an additional 15 jercent when using
the leak rate and burst correlations developed by
Westinghouse, Therefore, the conversion from TNF vol age

values to Weitinghouse voltage values remains 0.8 as ollows:

Vg = 08 Vg x (1= 0,15 x (1 +0.,15)
¥ 'I-H v','

Wear on the probe will also affect voltage measurement due to
the fwpact on centering in the tube and wobble of the probe.
Finally, some difference in reading may result between
diiferent analysts as a result of interpretation of the

proceasres 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 signals from a single frequency probe
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which effectively masked signals from degradation of steam
generator tubes in the region of the TSF. The masking of
signale from the axial flevs has been largely eliminated by the
use of multi-frequency mixes to elimina‘e the TSF signal. An
artifact which can affect the ECT signal .s copper deposits.
PGE uses &n MRPC probe which is more sensitive to shorter flaws
and can distinguish flawe from surface artifacts.

Finally, the ECT signal is sensitive to the volime of material
removed and to resultant conductivity change (cinnection
pathe). Therefore, short microflaws can penetra‘e to a much
greater depth than other flaws before the ECT sigial becomes
greater than the noise level. Furthermore, the presence of
ligaments between adiacent microflaws can also sigrifacantly
reduce the ECT signal. Therefore, ECT using the bobhin coil
probe cannot reliably characterize the maximum depth of short
microflawe characteristic of ODSCC/IGA, However, bastd on
structural (burst) tests reported elsevhere in this report, the
ECT voltage amplitude provides a measire of the strictural
integrity degradation. The above uncertainties are

congervatively treated in assuring tube integrity.

Frojected EOC~14 Bobbin Veltage

To establish tube integrity for Operating Cycle 14, the largest
bobbin coil probe voltage at the EOC-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
veltage during the cycle.
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The maximum projected EOC-14 bobbin voltage amplitude is

estimated as followe!

EOC

vHax

Where!

EOC
Max
BOC

Max

6VNDE

av

e V

BOC

st + v

NDE

Maximum projected amplitude EOC-14

Maximum voltage amplitude lef! in service BCT-14

Uncertainty in measurement of voltage amplitude
attributable to calibratQOn‘. probe wear, and snalyst.

T " o
/ bvNDE-anuly;l ’ AvNDE-probo

1.0 vy (0.80 V) £ (0.15)7 + (0,20
0.25 vy (0.20 V)

Increase in voltage ampiitude
0.24 Vg (0,19 V)

The average growth rate is used @ long with the variations as vargin

and uncertainty in the cther teime.

loross calibration shows a 15 percent constant factor between Troian voltage

values and Westinghouse voltage valuesi therefore, 8Vnnp_ ca1ibration * 0.
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Pased on the previe: © 4evelopment, the projected end of cycle voltage

ampli

v

tude is!

BOC-14
1.0 Vg (0.8 V) + 0,25 Vg (0,20 V) + 0.24 Vg (0.19 V)

w 149 Vg (1,19 V) (at average voltage growth)

Furthermore, calculations of EOC-14 voltage at 95 percent,

99 percent and 99.9 percent cumulative probabilities on voltage
growth show projected EOC-14 voltages of 2.21 Vg (1.77 V),
2,76 Vg (2,19 Vy), and 3.46 Vq (2.77 Vy), respectively.

In summary, the projected EOC-14 voltage of 1.49 Vy (1.19 V)
i significantly less than the volcage amplitude of 8.0 Vg (6.4
Vy) for tube burst at 34Py, and the voltage amplitude of

36.0 vy (29.0 Vy) for tube burst at SLE conditione, evaluated

s. the Jower 95 percent confidence limit,

B. JIube Integrity

1«

Criterie

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

criteria:

A, Tubes are demonstrated to maintain a factor of safuty of
greater than 3.0 against failure (burst) under nornal

opersting pressure differential,

b, Tubes are demonstrated to maintsin adequate margin
against tube failure under postulated combined accident
condition loadings and the loadings required to inftiate
propagation of the largest longitudinal flaw resulting in

tube rupture,
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¢. The leakage rate determined for the largest permissible
flaw should be less than the leakage rate limit specified
by the plant technical specification.

Approach

Two independent evaluatiors of the potential for burst were
performed by Westinghouse and documented in Appendix 3. The
evaluations include: (1) assessment utilizing correlations
between bobbin coil voltage and burst pressure to demonstrate
margine against burst without considering the constraint of the
16F and (2) analyses to demonstrate that the TSP does not
displace even during the SLP accident condition, The
conclusion of these tube integrity eveluations is that the tube
buret criteria defined by NRC RG 1,121 have been met for Trojan
for Operating Cycle 14 operation, without considering the
conetraint of the TSP, The criteria are satisfied by a wide
margin congidering that the 1SPs 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 butst pressure

correlation wae accomplished by the following evaluation steps:

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

b) Establish the upper bound voltage amplitude left in service.

¢) Define voltage amplitude growth rates from Trojan operating

experience,
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d) Define NDE uncertainty for voltage amplitude.

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

f) Compare EOC<14 projected voltage amplitude from Step ¢ with
values for burst at 38Fy, from Step a.

g) Estimate the probability of tube burst at SLB conditions
for the bounding voltige amplitude left in service.

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

leakage with bobbin voltage.

NRC RG 1.121 Aescribes a method acceptable to the NRC staff for
establishing the required integrity margin beyond which a
defective tube shall be removes from service. For degraded
steam generator tuber, plugging criteria have been developed by
licensees on & 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 EOC-14 bobbin coil probe voltage in a bobbin coil
probe voltage to burst strength correlation based on pressure

burst tests of tube samples pulled from INF steam generators.
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Tube Integrity Based on Bobbin Voltege to
Burst Correlation (Free Span Model)

The burst pressure test results and bovbin coil voltages on
tubing from TNP with ODSCC/IGA flaws were combined with other
industry data to develop a voltage/burst strength correlation
and the associated 95 percent lower prediction., The trend of
INP data fits well with the other industry data demonstrating
an excellent correlation between bobbin voltage and burst
pressure, The correlation was adjusted to account for
temperature effects and the lower tolerance limit for material
properties. The correlation is shown in Appendix 3,

Figure 8-2, "Burst Pressure Versus Bobbin Voltage (7/8 x 0,050
Inch Tubing)", to be applicable to INP for tubes with ODSCC/1GA.

only two of the sample TSP intersections from TINF include
pignificant 1GA (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 58 percent depth, The
test results were at or near the mean fit to Appendix I,
Figure 8-2 data. Therefore, the correlation ie a reasonable
basis from which to assess tube integrity at Trojan for
ODSCC/I1GA.

The maximum projected EOC-14 bobbin coil probe voltage is
projected to be 4.9 Vy (3.9 Vy) with & probability of
approximately 1 x 10°%,  The conservative projection exceeds
the 4.5 Vy (3.6 Vy) indication found in 1991, The probability
for oue tube at 1.9 Vg (1.5 Vy) at ROC-14 to burst at ELR
conditions is approximately 5 x 10°%, A total of approximately
680 311 indications are being left in service with an assumed
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preclude burst as long as it remaine over the degradation. The
reinforcement effect of the support plate was confirmed by
burst testing of simulated degraded sauples in TSP “eollars"
discussed in Appendix 3.

The most credible mechanism for displacement of the T6Fs is the
SLY accident condition. The following analysis demonstrates
that assuming the TSP ie displaced is conservative because the
T6Pe are constrained fr-m moving relative to the tubes even
under the most 1imiting accident condition of SLB,

This approach to tube integrity involves a comparison of the
nurser of tube-to-T§P intersections required to support the
computed SLP integrated pressure “applied plate loadings" to
the number of tube-to-TSF intersections which will offer
“gupporting load" capability based on field ECT results.
Thermo-hydraulic modeling of the Trojan steam generators
computed maximum plate forces representing the maximum dynamic
loads over time. These loads are compared to tests results
employing speciment exposed in autoclaves that are us:#c to
establish the conservative (smallest) static "pull forces
which cause "breakaway' and relative motion between the tube
and TSP specimens. The test-measured "pull forces" are muzh
lower .han the pull forces on in situ tubes, demonstrating
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 TS8P
corrosion and magnetite or tube denting with deformation at the
T6F intersections. The results of the TSP corrosion evaluation
show that, with the exception of the first and second TS8Fs of
§team Generator B, more than 50 percent of the TSF

intersections show TEP corrosion., Corroded tube-to-TsP
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{nters ~tions trom laboratory tests were founl to be capable of
carrying, as a minimum, the lower bound load of B0 pounds. The
analysis results show that the percentage of TSP intersections
that are corre ‘e based on ECT results meets or exceedr the
percentage of coiroded intergections required to provide the
condition of no expected tube-to-TSF relative motion during e
postulated SLE,

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

operating cenditions.

NRC RC 1.121 requires that steam generator tubes piss ide
adequate margin against tube failure under postulated combined
accident condition loadings. Conceptually, combined loading
conditions ~~uld result in yielding at a TSP with subsequent
‘afnrmation of tubes. If significant tube deformation should
ir, primary flow area could pe reduced, and postulated flaws
in tubes could propagate through-wall with the potential for
in-leakage under less of coolant accident (LOCA) conditions or
increased primary-to-secondary leakage. Anaiyses performed by
Westinghous2 and documented in Section ® of Appendix 3 conclude
that for the combined LOCA and Safe Shutdown Earthquake (SSE)
condition, the maximun deformation wiil not exceed 0.025 inch,
and tubes will not have increased leakage as & consequence of
the deformation. For the combined loading condition of SLT and
SSE, the analvsis demonstrates that burst capability of a full
thicl 6 tule with a through-wall flaw is not aflected by the
SSE bending stress in combination with pressure strees of an

SLB.
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The TTS limit of 500U-gpd leakage pe- steam generator makes it
likely that steam generator tub- ‘ntegrity would be maintained in
the event of & main steam line rupture o. under LOCA conditions.
To provide additional margin that an ODSCC/IGA {"aw (or other flaw
form) will be detected, should it propagate at ¢ m ch greater rate
than expected, a TTS change will be submitted which will 1imit
primary-to-secondary leakage to 130 gpd. A single tube leaking at
this rate will still maintain adeguate integrity to satisfy NRC

RG 1.121.

NRC RG 1.12]1 acceptence criteria for establishing operating leakage
limits are based on leak hefore break (LBB) requirements such that
Flant shutdown is initiated if the leakage associated with the
longe-t permissible flaw is excended, The longest permissible flaw
is that of a length that provides a factor of safety of three

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 thie flaw length can
aleo be calculated to determine vhether or not a tube leaking at

thie rate will have a burst p. 5 c¢ greater than 34Py..

As discusscd in L pendix 3, Section 10, "Tube Repair Criteria for
0D Indications at TSPs", 130 gpd corresponds to a through-wall
axial flaw of 0.4 inch. A flav of this length has a burst pressure
greater than 34Py,. Thus, the 130~gpd limit provides for Plant
shutdown prior to reaching critical flaw lengths, even if the TSPs

were displaced under normal operating conditions.
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Conclusion Regarding Tube lntegrity

The potential for tube burst was evaluated at 34Fy, end at AFg, 4
considering the projected maximum EOC obbin voltage amplitudes,
ECT uncertainty, and increase in reactor outlet coolant
temperatures. The 34Fy, is based on the expected secondary
pressure for 20 percent plugging. Both evaluations showed there is
sdequate margin ageinst tube burst even with the conservative
assumption that the TSP is displaced away from the region of
degradation (free span model) under normal operating and accident
conditions. The probability for burst and SLB leakage at EOC-14,
based on correlations of bobbin coil voltage to burst pressure and
bobbin coil voltage to lea« rate wes evaluated. Additional
structural integrity is provided by the constraint of the TSP under
normal operating conditions. In addition, for accident ronditions
the analysis that concludes that in the unlikely event that a
postulated SLE actually occurred, the TSF 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 TNF 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 & flaw that might grow at much greater than expected
rates, and thus, provides additional protection against exceeding
SL® 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,
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the T&Ps. This conclusion is based on the technicel positions
taken herein, and the fact that TNF will continue to maintain
adequate margin for tube failure. Burst testing of pulled tube TSF
intersections has shown for NDE calls, which resulted in
inconclusive depth measurements, that the burst strengths exceeded
34Pyy. The analysed FSAR conditions for tube rupture bound the
consequences of potential indications left in service based on the
eddy current program performed durlng the current ou “ge. 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 appropr’ate for
microscopic flaws. Volumetric flaws will continu. ‘o be assessed

on a percent through-wall basis.

Accidents affected by primary-to-secondary leakage were reviewed,
. 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 TSF

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 SLE 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 TNF 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 accident 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 SLE
and SSE.

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

Finally, PCGE has evalusted the third 10 CFR 50.59 criteria, and has
determined that the margin of safety as defined in the basis of TIS
has not been reduced as & result of the current Plant condition.
Adequate safety margin has been proven to exlet 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 shouléd
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) additinnal operator training on SGTR evente 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
microscopic flaws. These actions, collectively considered, provide
adequate assurance that the margin of safety as discussed in TNP

Technical Specifications has not been reduced.
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FaAi OVERVIEW

FaAA was retained at the request of the PGE Corporate Office to provide
an independent overview of PCE steam generator-related activities
undertaken toward restart of TNP for Operating Cycle 14. The FaAA
overview included review of plans and products by PGE engineering

¢ ff, 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 rates: (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 ii. eddy current specialists and compared
with appliceble standards. FaAA level 111 specialists also attended
portions of the database review conducted at Zetec facilities.
Documentation developed by Westinghouse and PGE in support of reactor
gtartup was reviewed and comme: ted upon. Where applicable, FaAA
obtained raw data and conducted an independent analysis, specifically
in the area of developing flaw g.owth rates from the NDE database.
Meetings were held with PGE staff, PGE consultants, and EPRI concerning
corrogion mechanisms and recommendations for Operating Cycle 14 water
chemistry. Identification and -eview of pertinent technical literature

wag conducted to support FaAA evaluations.



Revigion O

Trojan Nuclear Plant Document Control Desk
Docket 50-344& December 15, 1991
License NPF-! Attachment

Page 60 of 79

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 EPR] Examinatior
Guidelines was evident.

% ]

Validation of NDE Results

The recently-evolved data analysis procedures appear to be
technically sound and applicavle 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 MRFC
probe combined with computerized band pass filtering. As a result,

. detectability and characterization should be substantially improved
over that attainable with the standard pancake coil and

conventional filtering.

Extengive 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 for Nondestructive
vesting (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 resulte were reviewed by FaAA
Staff.
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Determination of the Rate of Degradation

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.

Tube Integrity Assurance

FaAA has reviewed the PGE approach to tube integrity assurance
regarding degradation at the TSPs. We conclude that:

a) PGE has performed NDE of the TSP intersections which exceeds
normal industry practice, which is at the current
gtatu-of ~-the-art, and which is detecting degradation at earlier

stages of development than industry practice,

b) PGE hes pulled, tested, and examined metallurgically TSF
intersections with a range of NDE iadications, has well
characterized the actual degradation, and has measured the
maximum effect on tube burst by not including the constraint

acturlly provided by the TSP.

¢) 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 T8Ps.

d) PGE consultant, Westinghouse, has determined the allowable
degradation based on bobbin voltage using extensive
INP-gpecific testing ae well as generic data. The effects of

NDE uncertainties on the BOC degradation left in service and
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the rate of degradation growth and it uncertainty have been
included to establish the allowable BOC voltage. This BOC
allowable is well in excess of the repair basis which PGE has
established.

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 crevive chemistry and the use of crevice
chemistry computer models through short-term controlled spe.ies
injections, and (4) adjusting water chemistry to achieve a

near-neutral crevice chemistry.

The Operating Cycle 14 water chemistry (like the Operating Cvcle 13
chemigtry) will include maintaining hyperpurity conditions (per
EPRI guidelines), boric acid soaks end injections, and AVT

control. PGE is exploring optione which may offcr opporcunity 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.

V1I. OPERATIONAL ENHANCEMENTS FOR FUEL CYCLE 14

AI

Installation and Use of Nitrogen-16 Monitors

Nitrogen-16 (N-16) monitors are being installed on the main steam
lines at Trojan to provide early detection of primary-to-secondary
leaks (much better than the nanual sampling technicues previously

used at TNP). The leakage delection limit with these monitors is
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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 Repid Increases in Primary-to-Secondary Leak Rate", dated
July 5, 1991, Westinghouse has aleo recently recommended

N-16 monitcrs in Westinghouse Report, "Fatigue Cracking of Steam
Generator Tubes with AVE [anti-vibration bar] Support”, transmitted
to PGE by letter POR-91-596, dated October 3, 1991.

Planned Steam Gepnerator Chemistiy Program

Tube degradation has occurred at TNF 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 resultad from the concentration of
caustic ageats 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 INP steam geneiator design. As a result, the proposed
Cycle 14 secondary chemistry control program has been designed to
modify the caustic conditions in sleam 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, TNF 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 contaminante of interest (sodium, potassium, chloride,
and sulfate) in the 500-ppt range. Lower limits of detection will

be established during Operating Cycle 14.
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After reaching 100 percent power and stable chemistry conditions, &
hidcout test to determine the rate of hideout of paiticular
chemical speciss in the Trojan steam generators will be performed
by injecting very small quantities of chemicale into the secondary
system. Using the resulte of the hideout test, a new EPR] 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-TSF interaection 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
chemigtry 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
monthe of full power operation to evaluate the results of CREV-SIM
predictions. The chemical control program will be further

evaiuated during Operating Cycle 14,

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:
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Request 1:

Provide a description of the Trojan plans to control crevice
1GA/S8CC, 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 including

detectability level.

Response:

The requested information is provided throughout the preceding
paragraphs of Section VII.B of this report.

Request 2:

Provide a statement concerning the use of phosphate in the

steam generator secondary water chemistry control program.

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 Primary-to-Secondary lLeakage

As part of PGE's reevonse to NRC Bulletin 88-02, "Rapidly

Propagating Fatigue Cracks in Steam Generator Tubes', dated

February 5, 1988, PCE implemented an enhanced primary-to-secondary

leak 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 veccur,

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

The program requires that the primary-to-secondary leak rate be
monitored and calculated weekly #o long as the leak rate remairs
less than 10 gpd. 1f the increased leakage is 10 gpd or greater,
then the enhanced monitoring requirements are invoked, requiring
the calculation of the leakage rate everv 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.

PCE continued to improve on leak rate detection criteria and limits
as the need for tighter limite became evident. Accordingly, PGE
will submit a change to reduce the current 500-gpd primary-to-
secondary leakage limit per steam generator to 130 gpé. In
addition, PGE plens to reduce thie 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 & rapid leakage increase. Procedures exist to carry
out the leakage detection program actions wnich include a rapid
respoun. - and Plant shutdown upon an indicaticon of a sudden or

rapidly increasing leak.

Augmented Iraining for Qperators

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

operator training.



Revigion O

Trojan Nuclear Plant Document Control Desk

Docket 50-344

License NPF-1

December 15, 1991
Attachment
Page 68 of 79

The following steam generator-related training was conducted from
August 1990 to December 19%1.

x'

Simulator

Each licensed operator acts in various roles as pari of a team
in simulator exercises. These exercises are part of each
retraining cycle that appreximates 20 percent of the operator's
duties (one week out of five), Actual time in the simulator
responding to various scenarios is over 6V hours per year per
operator. The typical scenario varies, but usually includes
normal, of f-normal, and emergency situations, and lasts from
one to four hours. The ecenarios 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 problems:

a. Steam Cenerator Tube Leak

b. Tube Leak/Plant Shutdown

¢. Faulted and Ruptured Steam Generator

Clagsroom

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 steam generator tube

Jroblems:
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Res ponge to Steam Cenerator Tube Rupture

Portions of this lesson cover the steam generator-re’ated
emer;ency contingency actions. These sctions iuclude
responses to an SGTR with a concurrent LOCA or loss of

pressure control.

Lessons Learned from Ginna and North Anna SGURs

The gtudents reviewed the lessong learned from vinna and
North Anna SCTRs and considered action taken to preveni or

mitigate the consequences of similar events at Trcjan.

Ready for Startup Training

This training includes reviews of th~ [ollowing: the
Mihama eteam generator tube leak event and Trujan Chemistry
Manual procedure changes to account for this experience;
the capability of the planne¢ installation of

N-16 detectors to monitor steam generaior tube leakage in
real time; and integrated Plant effects of increased tube
plugging of the stear generators during the next operating

cycle.

Steam Generator Tube lLeak Procedure

Th's training covered changes to the steam generator tube
leak procedure, due to the Mihama event. It also provided
managerent feedback on etear. generator tube rupture

procedure uge issues.
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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. Procedure for Shutdown When Leakege is Detected

In response to the Jspanese plant, Mihama, steam generator tube

rupture event, & 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 aud

included the following changes:

Upgraded to be consistent with the emergency ingtruction for ==
SGTR.

Upgraded to require prompt ection to initiate Plant shutdown
based on the first confirmed indications of an increaging steam
generator tube leak as indicated by radiation monitors (located
on the condenser off ges line, the steam generator blowdown
lineg, the main steam lines, and the steam generator blowdown
condensate return iine to the condenser) decreasing Reactor
Coolant System pressure or pressurizer level increaszing steam
generator level or Chemical and Volume Cwmtrol System flow

mismatch.

The procedure alro requires (1) Plant shutdown to be compl:ted
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 & more rapid and conservative transition into the emergency

operatine procedures than previously required.
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6. Repair by plugging or sleeving tubes with MRPC~confirmed ODSCC/IGA
microflaws at the TSP iatersections having bobbin coil probe
voltages greater than or equal to 1.0 Vy (0.8 V).

7. Confirmation by destructive testing that the buret 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 Vy (3.5 Vy) was developed. A more
conservative TNP repair basis of 1.0 Vg (0.8 V) discussed in
Item 6 above was adopted to ensure tube integrity throughout

Operating Cycle 14 operations.

8. 1In addition, significant surveillance and operational enhancements
have been or will be implemented during Operating Cycle l4. 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 & procedure has been implemented to require rapid
Plant shutdown in the event of any rapidly increasing steam

generator tube leakage.

D. Enhanced operator trairiag has beern conducted on steam

generator tube break events.

Based primerily on the above factors, it is determined that TNP steam
generators are operable. PGE, therefore, requests NRC review of this report

and appropriate actions as necessary.
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ACRONYMS, ABBREVIATIONS. AND SYMBOLS

ABB Asea Brown Boveri

ACRS Advisory fommittee 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

CFR Code of Federal Regulations

ey Degrees Fahrenbeit

Ar Differential Pressure

ECT Eddy Current Testing

EDC End of Operating Cycle

EPRI Electric Power Research Institute

FalA Failure Analysis Associates, Incorporated
FSAR Final Safety Analysis Report

gpd Gallons Per Day

gpm Gallons Fer Minute

Hz Hertz

1GA Intergranular Attack

I1GSCC Intergranular Stress Corrosion Cracking
IN Information Notice

181 Inservice Inspection

LBE Leak Before Break

LER Licensee f%vent Report

LOCA loss of Coolant A-r~ident

MAI Multiple Axia! indicaiion

MeV Million Elec*tron 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 Dismeter Stress Corrosion Cracking
r Fressure

PGE Portland General Electric Company

P1 Possible Indication

ppb Parte Per Billion

ppt Parts Per Trillion
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ACRONYMS . ABBREVIATIONS, AND SYMEOLS

Process Radiation Monitor

Pounds Per Square Inch

Pressurized Water Reactor

Primary Water Stress Corrosion Cracking
Row

Regulatory Guide

Single Axial Indication

Stress Corrosion Cracking

Steam Generator Tube Rupture

Steam Line Break

Safe Shutdown Earthquake

Trojan Nuclear Flant

Tube Support Plate

Trojan Technical Specification(s)
Unreviewed Safety Question

Volt(s)

Volt(s) - Trojan (Normalized to 5 V standard)
Volt(s) - Westinghouse (Vy, = 0.8 Vq)
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TABLE I11-1

PRELIMINARY STATUS OF STEAM GENERATOR TUBE REPAIRS
FOR THE TROJAN NUCLEAR PLANT 1991 REFUELING OUTAGE

—— . Steam Genermtor . .

A 2 - . :
No. of Tubes Inspected in 1991 3161 3169 3021 3004
No. of Tubes Plugged in 1991 290 490 385 362
No. of Tubeg Plugged Total 455 Lk 645 645
No. of Tubes Sleeved in 1991 0 0 295 336
No. of Tubes Sleeved Total 0 0 256w 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.
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REVISION G INITIAL REPAIR PROGRAM (SPRING 1991)
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REVISION 0 INITIAL REPAIR PROGRAM [SPRING 1991}

ec BC ac

S/ ROW OOLUMN TSP VOLTAGE  PHASE CALL

R EF R

§3333§§73§3333333§§3§§333333§333¢%

EReEoB8vranitntboriBe BBl
BB BEERECEBREREO R BONPERIREER
C =~ 0 D C O v O 0OO»CO0R 0O OCOCO~OPO

EEEEECEEEEEE LVuEEECEREECEEREEREEREEREK

SRRCREBERZILGORROICUGSALERERIVERY

ppppppppppp

erPEReLOER Lo RLYKRRRABECR2Z2RERS®
cococoOOOOOOOOOOOOOOOOOODOO000

ECRANNANERERREBBABRBRREITTIIVY

Pegn g



APPENIAX 1

REVISION 0 INITIAL REPAIR PROGRAM (SPRING 1991)

1

BC sC
VOLTAGE  PHASE CALL

8C

S/G ROW COOLUMN TSP

oR2
11
136
068
109
22
056
o
0%
124
130
137
075
098
080
104
305
867
054
0S5
039
090
118
0%
18
154
038
061
o5

EfE R EEEEEEREEREEREEREEEEREER

SR VRO RFER O ESRYRBRRBERREEESSRY

——————————

BERBEERHNEIRYERBRERETOOUIVENER

vEKESNEReERCRNODROCEBYREZREVDIENR
cooooOOOCOOODOODOOOROOOOROODROOR

COPRGBRINEGEREBCEORBIBEEBERARR R




APPENDIX 1

MIPC MRPC 2 TYPE
PHASE CALL  REPAR

MRPC
VOU TAGE

BC

BC

S/G ROW OCOLIMN TSP  VOLTAGE  PHASE CALL

8C

REVISION 0 INITIAL REPAIR PROGRAM (SPRING 1991)

:

PLUG
2LUG
PLUG

HEHHEEHEE

PLUG
PLUG
PLUG
PLUG

EE

PLUG

 333§§§333§§333§333I3333

tpgrtRkSprplfosraREREE
BEEPROBEEERICRONREERERS
© -~ 0 b0 O0OOCOOOEOOODOE0CFPO

EEEEEEEEEEEEEERABERERRRCE

SRUCGEEVYRRESTREREREREERD

138
24
o
0%
200
161
112
arn2
238
263
103
152
128
151
084
3 46
0 9%
z2m
150
o™
100
O B4

sEEEEEEEEZOBERECEEEEE

0o

FHENERBIELBERBRNNRERCE

orsvoRILERONRBRYIECOR
DoooOOODODODOODOCOOOOOORBOBG

ERERECQRRIEECERRGORIRES

Page 11



APPENDIX 1

REVISION 2 SUMMER REPAIR PROGPAM (AUGUST 1991)
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REVISION 2 SUMMER REPAIR PROGRAM (AUGUST 1991)

5/G ROW COLUMN

PEPEPEPIPEBIPPEIPIPPRIDPRIPPEEEDRR

el RiisavBRBonloe

-
~N

14

BBRABARARRRLE22L23880 888NN

4

133

1

=]
XTI

133998288353

1
1
]
1

<

9
r 4 S P

393593

i3

1

1333

BC

072
032
0 46
093
06
0313
115
aoR9
068
028
086
05
102
119
o6
295
092
0a7
0 46
045
107
068
nD7a
LR
065
038
o5
0 a4
151
o072

8C

B23RZES

R RRRRRRRAAR AR RRRRRARR Rk

I EEEEERT L K

.' 2
~—

BC

MRPC MRPC
VOLTAGE PHASE CALL VOLTAGE  PHASE

043
037
064
035
035
032
o2t
092
047
034
075
045
633
o
05
03
Q57
G229
¢z
a3
0 e
g2
ex5
06t
0 &
025
03
D47
c29
235

138
m
18
123
P
130
123
e
153
2
127
64
34
130

CEE Y

142
A
113
126
148
141

1
0
125

MRPC
CALL

PEPESPRERER LR PP PP PPRREREREES

PLUG
PLUG

PLUG
PLUG
PLUG
MUG
PLUG
FLUG
PLUG
PLUG
MG

LG
UG

LS
RUG



2233222338489

d3238
T T T P P E R

-~
B

B2/

APPENDIX 1

REVISION 2 SUMMER REPAIR PROGRAM (AUGUST 1991)

S/G ROW COLUMN

RIBRBIFc88333+8833UJ«8F33328858

BEBAA55588s800000000000202022020088

1% §

1
1

13333

b

1

1393

§33%%

1
1

iid

z

or

1%

1
ot

=
b P §

138

o+

i3

8C

VOLTAGE PHASE CALL YOLTAGE

043
108
633
0 a4
055
ar2
066
066
a57
092
057
037
037
083
12m
057
0%
086
064
a2e
037
03e
0 a5
058
027
056
128
055
o089
o092

BC

o
1
175

41
23
a3
15
L2

61
0
55
144
58
o2
176
7
8
154
155
ma

150
8
65
58
124
4
a1
39
19
10

Page 3

8BC

EEEN IR ERER TR R E

0118
055
0 a7
02
054
01
033
027
04
a5
e35
083
0 a
38
o9
915
062
o7
0 66
062
027
054
057
057
038
023
0 &
on
043
036

18

1333333333333 1 13T TTTT I

55555

PLUG
PLUG
PLUG
PLUG
PLUG

PLUG
PLUG

PLUG
PLUG



TVvE¥
Rf PAIF







17
138
139
140
9
142
143

TA4
145
146
147
148
149
150
151
152

153
154

155

156
157

158
159

161

REVISION 2 SUMMER REPAIR PROGRAM (AUGLST 1991)

S/ ROW COLUMN

' PP R E TSR I I I I A

PUNANNEIANRF2JIJeaFAII

w»

0
13
17

AN YIIIBBBRBRAAALILITLRRRAR

it d

b 4

1

i

Q
T

1

.

1
1

-

1
1
1

282999
TITITXIIZXIZI

BC

VOLTAGE PHASE CALL YOLTAGE

14
a58
077
022
04a
072
0as
208
0%
ow
1
0%
103
12
105
axs
oRs
042
027
07
03
09
1
0a3
o7
137
o
295
0S54
009

BC

BC

SRR R ERRERRE R EE T

MRPC

027
os2
259
03
o
037
039
0 e
0 a5
L4 B g
0668
025
055
066
(LR
129
033
022
01e
o4
o
057
02
037
o2
025
028
L RS
0%
o

111113313333311331 31311111013



162

164
165
1656
167

168
169

170
7
172
173
174

175
176
177
7R
179
180
m
182
183

184
185
186

APPENDIX 1

REVISION 2 SUMME= REPAIR PROGRAM (ALIGUST “991)

S/G ROW OOLUMN

P I I E U U U U e D I O I O O A I L O O I O

22
24
i
6

S+RRVUVFEEIIFAJINE=2 e

-
.-

B3335+88

JPFIFIIFIIIIAIFFAAFIZIITIIIIANNAN

rse

0H

0
o1

™
1

ii

2

1™

iid

1
1

3333333433

o1
1

18333

1

1333

8C

BC

VOLTAGE = PHASE

077
0861
09
097
165
o™
1
03:
oA
237
1ot
0%
o065
09
055
327
100
116
235
038
022
os2
25
029
02a
057
149
048
162
110

' EPEREE

-

BRI AR R B

10

CERFERREREEREEE IR R

{

i

030
e
02
ces
10
03
0ae8

23
0 29
a3
L. )
o2
owm
255
as7
na7
oea
o
22¢
022
oa
o8
nae
2%
o
037
oT7a
03
0an

TETECTITIETEY 1
FeEEEeRuBeseeRee R enn il B

.
-
~

Ajeddene

i3

PG
UG

UG



APPENDIX 1

REVISION 2 SUMMER REPAIR PROGRAM (AUGUST 1901)

L
T
{

8C B8C BC MRPC
VOR TAGE

S ROW COLUMN TSP VOLTAGE  PHASE CALL

FHERH R H R TR R R
SESTR TR ERER TR PRERIERY

CerperREfgs¥BrtoigiaeranBigeBy

EEEFIIEIEIIEGEIETREcEcRbocREct

EEEEEscsrEnanRRRRRRRERRROREBRAY

CRRERE DY EERRmon PR ERev v YERARR e

A CaCadd A dddaCaCECEaaEaaEoaEaaaaaquaeaa««
. ~

§e55 9838 $5% BERE BR EER B BE

@..
-



APPENDIX 1

REVISION 2 SUMMER REPAIR PROGRAM (ALIGUST 1991)
8C 8C BC MRPC MRPC  MRPC vPE
S/G ROW COLUMN TSP VOILTAGE PHASE CALL VOITAGE PHASE CALL  REPAR

EY ” A o1H 135 20 P 088 130 a
217 A 13 Ra oH 178 24 Pt 057 127 S PLUG
212 A 14 85 i3] 072 144 NONE 025 135 MA: PLUG
213 A 15 85 (=] 025 116 NONE 017 145 SAL PLUG
Bl 15 85 0 093 35 P 231 112 MA:
214 A 20 an oH 091 15 NONE 037 21 SAl PLUG
215 A 23 85 oo 098 16 NONE 02e¢ 127 SAl PLUG
216 A 4 A 03+ 069 10 NONE 17 & SAi PLUG
A 4 a6 01+ 082 7 NONE 057 149 Sal
217 A 5 L 3 02+ c a5 30 NONE 075 10 RAA| PLUG
218 A 15 86 024 016 21 NONE 03 158 SAl PLUG
A 15 A o1H 03 %5 NONE 034 148 A
219 A 16 A, 01H 085 26 NONE 0es 100 CAI PLUG
220 A 20 B o2 038 127 NONE 0 &5 145 SAi PLUG
221 A 21 a6 01H n 45 143 NONE 021 92 MA PLUG
222 A 25 a6 o1H 0B8R NONE 0as s A FLUG
23 A 11 87 0 067 1" NONE 0a &0 Sal PLUG
B 1" 87 o2H 04 34 NONE 045 138 Sai
224 A 15 8’8 o1+ 07 3i NONE 082 87 MAI PLUG
225 A R ] 01 056 74 L o3 100 SAl PLUG
226 A 9 2] osH 639 10 NONE 039 ca4 SAl PLUG
227 A 4 0 0iH 09 138 NONE 055 0 MAT PLUG
28 A 5 Q 04 104 20 P 0 79 118 SAal PLUG
= 5 9 o1+ 110 4 o1 019 106 SAl

Page 9
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APPENDIX 1

8C 8C
VOLTAGE  PHASE CALL

BC

REVISION 2 SUMMER REPAIR PROGRAM (AUGLUIST 1991)

S/G ROW COLUNMN TSP

———————————————

a9

BEIEEEIBEREECIEREEEOECRCEECEEE

VO LOLOOLOONMANMNMED ®© 'R R EEEEEEE-E-E

2amprolfffoceollen?l el REvvvone

ARE RTKLERR E RRFNBINESEREESV v



N D

Vd it o




3

OO DDA DIODODODDDTDRD

BR2EBBARRE BBJIFIIFI AN

REVISION 2 SUMMER REPAIR PROGRAM (AUGUST 1991)

5

3

;
3
E

17

wERRNRIBIZLFY

-
.

LR B

13
13
13
13
13
i3
13
13
i3
13
13
13
13
14
14
14
14
14
i4
14
1a
14
15
5
15
15
15

16

8C

8C

VN TAGE ~ PHASE

217
026
163
i,
136
108
o7
o9
129
132
055
119
147
087
232
034
104
o a1
140
067
194
095

-~
«

©an
G 66
148
063
094
124
097

329¥NBISoBIRE

15

124
15

17

FRUBRATREE D

028
30
166
135
08
1.8
053
113
082
089
155
875
i 88
283
09
253
L R =4
032
037
047
029
057
042
0o
056
Q66
o9
027
063
055

MRPC
AL
A
Mai
SA
A
A
SAl
SAl
MA;
SAl
MA
Ma:
Mal
asAl
SA
Maj
SA!
SAI
SAl
MA
CABY
AsI
MAa
aia
SA
A
MA
SA
SA
SA
Ma

e
REPAIR

PLUG
PLUG
PLUG

PLUG
PLUG
PLUG
PLUG

PLUG
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APPENDIX 1

3

1

MRPC
VO TAGE

8ac
S/ ROW OOLUMN TSP VOILTAGE PHASE CALL

BC

BC

REVISION 2 SUMME R REPAIR PROGRAM (AUGUST 1991)

Siis: fidfcecdics efd secoee

33303333§3333333333333§3§33§3333%

1

¢2ufglrefeBacs

21
12

65

1237

sREBgBgpop?s

CEBFECRFRREIRIFEREVLBIREZRERRY
e F E E R R R R E R R E R R E R EE Y.

NONE
P
L]

NONE

NONE

NONE

NONE
2]

NONE
Pi

NONE
P
Pl

NONE
L}

NONE

NONE

NONE

NONE

NONE
Lol
P
”
O

NONE

NONE

NONE

NONE

NONE

NONE

CRRL e URYNRRREBROENEBECYRY2YRERD S
5mﬁeasaeasrszs $URRRERQESERBRERS
CONDOOE O 0O »» =0 - DO OO0 ~0C v v O~

1313333131111 1 8
PPPRRRRRRRRRRRRRARRRRRRRRRARAR

ERBrov R 2RRAKRRRRERIRZIRENmT Y

TLEL® PRANRNIKERER BE8 BIEEEE

L I I R L R R - . - AL R B R




Hivd ' FSovkd ’

AL N ISV ASLIPN 2 3







)
LS

a7

12
183G

198

S
-
-

REVISION 2

S/G ROW

2 of
# *
n 1
H 3
8} 9
(2 Af

i 1
i W
(33 €

12} 7

2] 0
18] 11

R 1
B Y
A 1
R 0
B i
R %

$4)
a

X OWD®
R

SURRAT

’

M

B REPAIR PRO(

7 ¥
7 N4
4 144
g 4]
g+ ]
*
b
3] i
A P
Q2
’ 7,4
o | 4
Q 144
4] Thes
3 14
W) N4
174 1y
L 4] =
L 4 N1
11 e
| f b
11 N4
11 Ve |
S xis
| N4
12 034
L 7 Do
12 N4k
33 01H

JRAM (ALIGLIST 1991)
B( BC
VOUL TAGH PHASE

q ‘g
£ 4
R4 A
0 I 11
nnp’ 11
M |
11 f
na yrr
3
49 i
(
34 159
3 45
T .
' 44 R
114
n &, P
4 7
q Q
' 6 .4
0 20 4
9 .
" 1
1 4R 1
0F~ 40
n ey v,
P .y

APDENMY

C

CALL

NOINE
2
o

Pl
.

NONE

NONE

NONE

lJ-"\"J.’
OIS
NONE
NIONE
.
NONF

HONE
NONE
NONF
NONE
tJP,AJr
™~

o

MEPT
W TAGE

s
r 6r
o
14
n&
0 o
N
1
P
N 9F
0 S
5
) 44
o~
nest
1 3~
3

e
o A1
n
T 01
n e
n D

«
0 4L

MEPC ARIPC
PHASE

141
R7

195

11Q

CALL

‘A
MA|
A
S Al
CAl
MA|

A
SA
LAAI
SAA
Pe %l
SAl
SAl
cAl
SAI

MAI
Al
A

Pt

=2 8.
PLUIG
Pl UG
P UG -
PN,
PLUG
™ UG
PLUG
PG
UG
™G
F ®
| &4 >

2 »
PLUG
‘v' TS - 4
P1 G
[ & M5
o> v
" )
WS
P i
"M UG
PMLUG



>R

231

REVISION 2

S$/G

ROW

A1
41
41

44

COL U N

11+]
ap

18

38

oROGRAN, (AUGUS

TSP

Rl

e

B(
Wi TAGF

v

I

10961

8C

BC
CALL

NOWNF

¥ \AJ!

NOINE

WNE
NON

NONE

>
NONE

.
v

P

-
4

VO TAGS

HR

0 40
"9
n 19
y 47
05
0 44

MAPC MAPC YPy

P H .J‘nl

14%

2

141

CALL

< A

MA;

MA!
Al

SA!

SA
C Al
Al
A
MA
M
MAJ
MAA
SA
A
MA
SA!
CA
CAl
MA
MA
MA
Al
MA
SAl
MAI
Al

REPANR

™ UG
P,
& {4
™ ik,
PLILK
™ 1
PG
< Y.
™ (5
PG
Pl i
D W
:‘n 1"
. -
>
1
P
PR
il

1 .
P
LN,



235

-
<

227

249
241
242
243
244

245
246
247

REVISION 2. SUMMER REPAIR PROGRAM (AUGUST 1991)

S/G

MDD TDIIODITTDDTDDTITNDIIOIDDODODO®

ROW  COLUMN

E288NERZFNTevanalB2]

-
-

88888828

8888885883233 383332833333 8333338888

se

01H!

O

£33%

94
02H

OiH
O

o1

TEFF3323538%¢

2
-

BC

BC

VOLTAGE = PHASE

062
293
119
0 R4
025
236
091
156
241
108
042
080
074
053
0 86
077
022
049
044
058
052
0930
014
21
052
197
068
030
051
060

5

» -
Rl

RRRRTRRRRRRRARIIRE 2083000 B

et

MARPC MRPC
VOLTAGE PHASE
067 149
060 138
039 R4
066 138
032 135
0aa 23
027 ar
225 124
053 116
072 34
029 i
030 75
oo 159
on 16
058 45
G29 137
025 59
042 139
048 77
028 128
078 146
076 16
042 141
094 145
039 125
057 85
044 139
061 103
056 57
b7re 145

33533333 133118311111311131 113

2 13

223
388

2
3

PLUG
PLUG
PLUG
PLUG
PLUG
PLUG

FLUG
PLUG
PLUG
PLUG
PLUG
PLUG
PLUG

PLUG



APPENDIX 1

REVISION 2 SUMMER REPAIR PROGRAM (AUGUST 1991)

BC BC BC MRPC MRPC  MRPC TYPE
S/G ROW COLUMN TSP VOL TAGE PHASE CAIL YOLTAGE PHASE CALL REPAR
253 B 36 40 0aH 0R2 21 NONE 059 138 MA! PLUG
2%4 B a7 40 05H 055 16 NONE 074 151 SA! PLUG
B a7 £ 04aH 087 21 NONE 0 48 55 SAl
25 B a8 40 02+ 076 150 NONE o7t 132 SAl PLUG
256 B 43 40 o2H 215 39 P 055 119 MA| PLUG
%7 B 45 an 03+ 055 59 NONE 052 130 SAl PLUG
258 B 5 41 03H 126 173 NONE 027 9 SAi PLUG
259 B 1 41 o 0 B4 6 Pl 048 a1 A PLUG
20 B 18 41 o1+ 047 23 NONE 028 AR SA PLUG
261 B 29 a1 o2+ 082 23 NONFE 060 121 Sal PLUG
%2 B 32 41 o2H 087 34 NONE 054 145 Sal PLIG
263 B 33 41 naH 041 18 NONE 060 104 MAI PLUG
264 B 45 41 (1742] 044 59 ] 054 @ MA; PLUG
265 B 46 41 0aH 182 30 ] 036 109 SAl PLUG
B 6 41 01H 155 34 NONE 054 a7 SAl
266 B 5 4?2 05+ 072 15 NONE 0236 72 SAl PLUG
267 B 7 42 D1H 0 41 7 NONE 0 42 141 SAl PLUG
268 B R 42 DAy 106 2 NONE 031 77 SAl PLUG
269 B 15 42 oO1H 026 173 NONE 03 145 SAl PLUG
270 B 19 42 0O1H 0 R7 14 NONE 087 162 SAl PLUG
271 B "y 42 021 079 NONE 0N 119 Sal PLUG
272 B 34 42 o2H 112 34 NONE 049 105 SA! PLUG
272 B 40 42 02H 212 42 NONE 043 42 SAl PLUG
274 B 42 42 02+ 120 15 NUONE 027 11 MAI PLUG
275 8B 45 42 o2H 067 45 NONE 027 112 MA! PLUG
276 B 4 43 o2+ 067 § NONE 026 7 SAl PLUG
277 B 14 43 05H 196 142 P 030 7 MAl PLUG
B 14 43 0aH G 45 91 NONE 056 167 SAl
B 14 43 03k 0 46 25 NONE 029 4R Mai
2 B 28 43 03 c38 72 NONE 026 109 MA| PLUG



248 FFIINI3

FEREERY

FEER2588

APPENDIX 1

REVISION 2 SUMMER REPAIR PROGRAM (AUGLUIST 1991)

S/G RAROW COLURN

228222 vavepB2IRES

S88883«388%8n 3

41
43

8888888222228 RRB2222

se

01H
o
o2+
o+
01
02+
o2H
02H
01+
nak
0oZH
03H

233

i3

=
b i

1
1

=

38338333388

BC

VOLTAGE  PHASE CALL  VOLTAGE

063
163
095
030
120
1 44
163
048
100
063
19
278
265
125
053
154
072
195
078
024
c29
180
193
215
061
069
165
08s
038
047

BC

a
i
18

103
19
15

42

BC

SER I ERE iR bbb b LY

MRPC

045
035
045
036
064
oa
0 a0
032
037
o
031
052
033
030
074
059
063
057
084
073
072
098
045
039
039
044
on
043
035
10

MRPC
PHASE

14

538

138
118

a1
37
61
87
155

128

323

21
134

74
141

143
m
m
155

133133311311331313111313111111 03

PLUG
PLUG
PLUG
PLUG
FLuc
PLUG
PLUG
PLUG



APPENDIX 1

REVISION 2 SUMMER REPAIR PROGRAM (AUGUST 1991)

8C BC BC MRPC MRPC  MRPC TYPE
S/G ROW COLUMN TSP VOLTAGE PHASE CALL VOLTAGE PHASE CALL REPAIR
06 B 13 49 02+ 104 22 NONE 063 as Siv PLUG
307 B 2 49 024 139 32 L] 095 131 MA| PLUG
308 B 4f, 49 05H 093 3 NONE 053 114 SA! PLUG
39 B 3 50 01H 024 53 NONE 050 an SAl PLUG
310 B 23 50 03 034 27 NONE 044 80 MA] PLUG
atr B az 50 o2H 081 42 NONE 094 156 SAI PLUG
312 B 1 51 DaH 130 6 NONE 069 143 SA PLUG
313 B 16 51 o2+ 126 48 Pl 0 a8 118 MA! PLUG
8 16 51 01H 057 013 NONE o9 121 SAj
314 B 20 51 o4 138 23 NONE 050 111 MA| PLUG
315 B 24 51 02H 132 12 NONE 044 126 SAl PLUG
316 B 37 51 02H 133 36 NONE 070 144 MAi PLUG
317 8 a8 51 02H 087 34 NONE 050 167 MAI PLUG
318 B f 52 04+ 050 56 NONE 060 51 MA! PLUG
319 B 22 52 0 056 20 NONE 0 40 122 SAl PLUG
320 B 25 52 o2H 030 9 NONE 113 136 SAl PLUG
321 B a9 52 05H 018 347 NONE 0 46 62 SAl PLUG
322 B 43 52 U4 1.20 26 NONE 097 be. AL PLUG
323 8 2 53 O1H 054 30 NONE 062 106 SAl PLUG
324 B 13 53 02H 061 22 NONE 030 a2 SAl PLUG
3 B 17 53 O1H 110 18 NONE 0 48 136 MA: PLUG
36 B 28 53 o2H 163 12 NONE 166 165 MAI PLUG
327 B 37 53 o2H 058 29 NONE 058 135 SAl PLUG
328 B 5 54 O1H 020 142 NONE 05 53 SAI PLUG
329 B 38 54 02H 181 9 NONE 048 15 MAI PLUG
330 B 40 54 03 056 48 NONE 038 102 MA| PLUG
31 B v 55 n4ard 070 an NONE 069 i MAJ PLUG
a2 B 2 56 0o2H 09 345 L] 1.36 28 MAY PLUG
8 2 56 01 060 107 NONE 061 107 SAl
333 B 7 56 O1H 039 66 NONE 084 102 SAl PLUG
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APPENDIX 1

REVISION 2. SUMMER REPAIR PROGRAM (AUGUST 1991)

8cC BC BC MRPC MRPC  MRAPC TYPE
5/ G ROW COLUMN TSP VOLTAGE PHASE CALL  VOLTAGF PHASE CAIL REPAR
B 12 56 03H 063 27 NONE 076 34 SA! PLUG
B 2 57 024 572 183 2] 196 149 SAl PLUG
8 8 57 03+ on a7 NONE 063 133 Sal PLUG
B 9 57 02+ 145 14 NONE 072 143 SAl PLUG
8 10 57 O1H 051 1R NONE 098 142 SA PLUG
B 30 57 02+ D ag 107 NONE 074 53 MA! PLUG
R 45 57 02H 144 18 NONE 061 62 SAl PLUG
B 24 50 074 077 as NONE 095 R4 MAL PLUG
B 41 58 naH 075 54 Pl 0 a5 129 SAl PLUG
B 17 60 0iH 077 25 NONE 060 126 MA! PLUG
8 a1 &0 o2+ 104 9 NONE 052 118 SAl PLUG
8 21 61 03H 075 13% NONE 065 100 MAL PLUG
B 39 61 02+ 163 25 NONE 043 145 SA PLUG
B 3 62 07+ 217 13 NONE 038 an MA! PLUG
2] 3 62 01+ 129 25 L] 0 45 113 NAS
8 1 62 01 071 i4 NONE 04a 4 SA! PLUG
B 14 63 01 069 171 NONE 0 46 125 L LY PLUG
B 31 63 02+ 039 38 NONE 054 115 SA! PLUG
B 39 63 a2+ 051 30 NONE 021 121 SAl PLUG
B 42 63 02H 126 26 NONE 036 133 SAl PLUG
B 42 63 o1 19 s NONE 0a7 61 SAl
B 6 64 01+ 0.5 49 NONE 028 91 MA! PLUG
B 36 4 oo 281 20 NONE 05 136 MAI PLUG
B 41 64 02 107 38 HONE oM 110 SA! PLUG
8 42 4 02H 188 42 NONE 069 62 MA| PLUG
] 2 65 01H 059 63 NONE 047 126 SAl PLUG
B 10 66 o7H 089 22 NONE 053 129 VA! PLUG
B 37 687 03H 122 19 NONE 041 159 SAl PLUG
B 29 68 024 035 80 Pt o680 59 SAl PLUG
B 4 69 01 1.12 22 NONE 057 149 SAl PLUG
»15



APPENDIX 1

REVISION 2° SUMMER REFAIR PROGRAM (AUGLUIST 1991)

3cC BC BC MRPC MRPC  MRPC TYPE
S/G ROW COLUMN TSP  VOLTAGE PHASE CALL VOLTAGE PHASE CALL REPAR
362 B 20 659 02+ 052 30 NONE 035 154 SAI PLUG
%3 B 28 59 o+ 104 56 NONE 088 19 Al PLUG
34 B v, 0 02+ on 15 NONE 115 154 Mal PLUG
B 3 70 o1+ c76 22 P 217 163 MA)
365 B 2] 70 o2 142 27 NONE 08 1653 MA; PLUG
B 8 70 01H 050 4% NONE 058 4n Sal
%6 B 17 ™ 01H 184 ¢ P 145 345 MA! PLUG
37 B 22 70 03+ 186 o6 2] 055 137 MA! PLUG
368 B 26 70 (17421 166 12 *JONE 064 1651 SAl PLUG
39 8 a8 70 01H 09 az P 016 102 SAl PLUG
v 8B 10 7 02 0 60 71 NONE 054 69 L PLUG
azT B 19 71 ooH 020 351 NONE 038 55 SAl PLUG
372 B 34 71 o+ 066 AD P 123 159 MA] PLUG
373 B 8 72 O+ 058 54 NONE 044 w05 MA! PLUG
374 B 29 72 a2H 044 a2 NONE 049 141 MAI PLUG
ars B 38 72 O1H i55 79 o 031 114 PID PLUG
a%s B 34 73 01H 0 64 54 NONE 102 a5 MA| PLUG
377 B 5 74 07+ 060 6 NONE 042 97 SAl PLUG
a’a B 22 74 742 ] 010 9 NONE 056 109 Sal PLUG
am B 7 74 o1 c9s &0 NONE 062 123 SAl PLUG
3 B 3 76 O 026 151 NONE 039 3: MA; PLUG
3| B8 7 E 014 085 68 NONE 0B4 41 SAl PLUG
| B 5 7 o1H 0 86 30 NONE 03 k) SAl PLUG
s B 4 78 01 075 14 NONE 107 34 Ma; PLUG
B4 B 11 7 oM 1.75 25 ” 090 > A PLUG
@ B 3 78 0H 7 40 178 L] 127 131 Ma; PLUG
3 B 9 ks o2H 045 83 NONE 051 a3 Mar PLUG
B 9 ) o1H 0c8 a2 L) 084 o SA!
387 B 13 e o4 045 341 NONE 057 140 SA PLUG
388 B 22 79 o2H 085 2 3] 2 094 147 MA; PLUG




AEVISION 2 SUMMER REPAIR PFOGRAM (Al IGUST 199
Ac B ( B MARPC

PHASE Cali VI TAGE
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APPENDIX 1

REVISION 2  SUMMFR REPAIR PROGRAM (AUGUST 1991)
8C BC BC MRPC MPPC WRPC TYPE
S/G ROW COLUMN TSP  VOLTAGE PHASE CALL VOLTAGE PHASE CALL REPAIR

417 B 15 90 02H 288 21 F 018 9% MA| PLUG
B 15 an 01 166 28 MOM 038 o MA!

418 B 19 a0 O 203 22 NONE 028 a9 SAl PLUG

419 3 8 a1 O1H 062 132 NONE 109 104 SAI PLUG

420 8 9 91 02H 051 4 NONE 054 128 SAl PLUG
B g 91 01H 116 14 NONE 080 129 SAl

421 B 14 9 6IH 092 IR MONE 049 111 SA! PLUG

422 8 7 L 74 o2+ 275 26 NONE 166 94 SAl PLUG

423 B 10 L 72 02+ 307 14 P 089 131 SAl PLUG

424 B 11 92 07H 056 27 NONE 054 106 SAl PLUG

a5 B 13 92 O1H 044 51 NONE 09 59 SAl PLUG
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REVISION 2 SUMMER REPAIR PROGRAM (AUGUST 1991)

S/G ROW COLUMN

OO0 O0000OCO000N0OO000000OO0000O

6

10
12
14
16
3

10
12
12
19
6

1

12
18
21

12
17
19
22
9

12
13
23
11
12
16
18
19
19
20

232000V IBNNIAIDAIDIANNNANNDL AL LS

- b e s
QO Q0

g

33358333383

S ; 2
- L
= -

333353333388

313333588

BC

026
038
056
047
053
060
097
050
023
065
071
057
061
016
100
065
090
085
180
028
030
065
141
N/A
N/A
041
095
019
071
067

BC

Rog B3

SH b

151

M/A
N/A

13
37
167

BC

MRPC MRPC
VOLTAGE PHASE CALL VOLTAGE  PHASE

062
048
056
023
034
078
023
0 50
L
” 46
o3
030
038
032
107
032
061
061
142
145
099
1.76
c 41
on
017
o
035
050
056
028

180
124
141
59
154
166
. )
146
85
7
128
a7
146
28
153
127
155
158
10
156

40

16

38
243
67

132

ARNY

geggseeseefeseeieseeErefeess B3
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APPENDIX i

REVISION 2° SUMMER REPAIR PROGRAM (AUGUST 1991)

5/G

OO0 LOOOOOOO0

ROW  COLUMN

4
28
8
12
30
12

18
19

28IV E

pogil |

NIE8RRRIBIEAN

11
1"
14
15
15
16
16
16
16
17
17
18
18
18
18
19
19
19
21
21
21
21
21
21
21
21
21

21
22
22

TSP

O1H

13%%

23§85

=]
X

1

139

RS EREE RS

-
2

333

BC

8C

VOLTAGE  PHASE

083
D15
045
073
2
137
045
153
091
112
032
109
288
092
085
108
083
0 40
058
027
051
086
0.25
081
017
107
105
130
069
064

qar
5=
24
56
2
17
3
42
o

19
a4
22
18
45
a4
4
148
184
18
4
24

28
14

109
a5
af,
27
15
35

&2

SEEER S IR IR R HE R S

2
:
i
$13311331331113313331133113111 03

058
035
046
065
o
015
o221
0 56
029
052
077
049
030
093
129
076
033
019
045
043
052
0 42
022
G 43
041
c 67
0 46
048
037
037

118
118

839SA

117

101

w07

FEE R R

3%

i

@
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72
73
74

343

APPENDIX 1

REVISION 2. SUMMER REPAIR PROGRAM (AUGUST 1991)

S/G

OO0 00O0000000000O0000000 0

ROW  COLUMN

30
2
2

11

12

13

S3VZIN

23
23
23
23
23
23

28333

24
24
24
24
24
24
24
24
24
24

RR

TSP

0o2H
N3H
02H
0oH
02+
02H
02+

C1H

3383353593383

%

BC

VOLTAGE  PHASE

167
o7
061
0 40
041
062
0 80
127
084
119
114
057
030
047
048
096
093
075
0 30
028
037
063
251
156
124
127
18
054
019
056

BC

54
26
47
357
56
.
180
17

121
67

19
12

FIEFER R HEHHEERH R R R R

a1

Page 2

i

054
028
058
028
036
035
029
022
083
na22
051
054
03
o4
0 40
0.3
022
£33
068
017
034
034
052
040
042
029
067
023
022
038

1

T33333333333333333331111111H1103




APPENDIX 1

REVISION 2. SUMMER REPAIR PROGRAM (AUGUST 1951)

BC BC BC MRPC MRPC  MRAPC TYPE
S/G ROW OCOLUMN TSP VOLTAGE PHASE CALL VYOLTAGE PHASF CALL RFPAIR
78 C 20 25 03H 118 23 NONE 025 63 MAJ SLEEVE
79 C 26 25 02H 089 15 NONE 014 64 SAl SLEEVE
80 C a3 25 0H 083 170 NONFE 048 152 MAI PLUG
C 33 25 02H 039 Q4 NONE 028 108 SAl
a1 C 34 25 03k 095 49 NONE 016 97 MAI PLUG
82 C as 25 02H 052 4 NONE 0235 16 SAI SLEEVE
83 C 5 26 02H 047 16 ] 012 113 SAl SLEENE
R4 C 6 26 02H 053 34 NONE 016 N (*EY] SLEEVE
85 C 9 26 GoH 019 116 NONE 011 136 SAl SLEEVE
a6 C 14 26 o2+ 045 80 NONE 019 40 sSal SLEEVE
87 C 29 26 02H 0%7 29 NONE 013 147 Lty SLEEVE
88 C 41 26 otH 094 26 NONE 031 135 MAI SLEEVE
|0 C Kl 27 04H 0 B4 33 NONE 027 143 SAl PLUG
c 9 27 02H 107 6 P 021 137 SAl
920 C 10 27 03+ 098 16 NONE 020 L%} MAI SLESVE
g1 G 12 27 02H 076 6 NONE 012 49 Sal PLUG
C 12 27 014 084 15 NONE 024 75 SAL
92 C 15 27 o2 065 15 NONE 024 09 M SLEEVE
93 C 18 27 a2H 154 19 Lo 027 105 RAAT SLEEVE
34 C 19 27 04aH 096 3 NONE 017 103 SAi PLUG
C 19 27 03H 024 61 NONE 040 136 MA!
C 19 27 o2H 007 78 NONE 027 58 MA]
% C 38 27 021 087 111 Pt 0 45 131 MA! SLEEVE
95 C 39 27 0o 073 15 NONE 0.13 121 MA| SLEEVE
97 C 12 28 03H 016 an NONE 0 41 164 SAl SLEEVE
8 C 18 28 ozH 040 37 Pl 042 72 MA| SLEEVE
Rl C 28 28 02+ 161 22 P 068 147 Sal SLEEVE
100 C 42 28 01H 034 170 NONE 032 SAl SLEEVE
01 C 7 29 01+ 067 48 NONE 051 15 MAi PLUG
w2 C 10 29 014 087 43 NONE 051 AF, MA] SIFEVE
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REVISION 2

S/G
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APPFNIX

SUIMAMER REPAIR PROX RaM (ALGLIST 1991)

COi UMN

rse

B{
M TAGE

N ~AA
4
ve

Ns
49
14

' f
44
[
48

N/A

‘7
A1
o4
W
i

0 A1
]

Y 127

n M0

N/A
na

099

095

8 (

P4ASFH

ges

BC
CALI

N 1 01 ¢
NONT
D1
NONF
NOWE

NOINT

NONE
Lt .l,'i
NONE
NONF
NONE
MNOINT
Py
NOINF
l\.'f ),l"',
24
NOINE
P

0 61

0 4an

101

aAA
RAAI
MA

A
MA!
o Al
SA
SA
MA]

CA
GSA|
C Al
RAA|
MAI
SA
MA
SA
MA:
SAS
SAl

<Al

1 1 W

FEVE
L FFVE
P1LUG
FFVF
(w er V’:
St FEVF
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1 FEVF
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APPENDIX 1

REVISION 2° SUMMER REPAIR PROGRAM (AUGUST 1991)

£/G 8[OW COLUMN

OO0 OOD0O0000O000O0O0

36
7
9

36
7

-
~

BE222EEL8LL8LEE8888883IUTUSY

rse

62H
o4
o2H

B

O1H

$33338¢%

138

3C

BC

VOILTAGE  PHASE

049
63 40
2
079
052
029
126
023
063
094
0 46
030
123
043
114
074
169
1,42
059
197
185
06
165
236
47
099
100
044
024
067

4
4

BC

ST EHEEEEHHFEEEH EHERERERE R

MRPC

VOLTAGE = PHASE

061
uSn
060
0239
047
G54
062

0

969
022
0622
061
"
051
¢33t
0 40
048
051
093
0 40
067
053
025
123
102
190
134
us8
095
084

MAPC

161
112
144

1111311331111131111111111111 3
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178
179
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181
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189
190
191
192
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APPENDIX 1

REVISION 2. SUMMER REPAIR PROGRAM (AUGUST 1991)

$/G

OO0 OO0O0OO0O0

ROW  COLUMN

e RRARLLERRBUBFo0wwBIEEEENc2353

2883282288885 28888883833333383388832%2

sp

o1
O
02H
01H
01H
MH

04H
03H
o2H
03
03H

01H

BC

VOLTAGF  PHASE CALL VOLTAGE  PHASE

053
it
033
057
059
070
043
057
093
073
148
092
028
0427
029
oR8
045
058
154
119
069
063
053
168
118
077
055
095
066
015

8BC

138
17

151
as

27

353

14

101
397

152

ac

HHER IR SRR IR

MRPC  MAPC MRPC  TYPE

0 B4
120
132
149
075
132
135
167
1
159
276
067
048
113
047
047
097
289
o7e
157
098
0 46
065
023
045
o062
187
091
088
054

56
22
147
144
101
166
50
142
22
151
15
3
et
o
134
129
108
127
162
150
153
141
115
m
149
128
19
14
143
130

r

£

PEEFEELLLERLRECLLLLREEREELEREY

REPAIR

PLUG
SLEEVE

PLUG
PLUG

PLUG

PLUG
SLEEVE

PLUG
PiUG
PLUG
PLUG
ruuG
PLUG

PLUG

PLUG

@



APPENDIX 1

REVISION 2 SUMMER REPAIR PROGRAM (AUGUST 1991)

BC BC BC MRPC MRPC  MRPC TYPE
S/G ROW COLUMN TSP VOLTAGE PHASE CALL  VOILTAGE PHASE  CALL REFAIR
195 C 9 41 a2H 225 19 L] 029 115 MA| PLUG
19 C 10 41 02M 107 15 o] o9 134 SAI PLUG
197 C 12 41 04+ 048 164 NONE 064 42 SAl SLEEVE
198 C 15 41 02+ 031 79 Pi 1 86 14 MAI SLEEVE
199 C 16 41 02H 124 17 [ad] nar 105 SAl SLEEVE
200 C 17 41 O 045 a7 MONE 104 ] MAI PLUG
201 c 20 41 02H 037 94 NONE 071 132 MAI SLEEVE
22 C 24 41 MH 054 : NONE 064 128 SAl PLUG
203 C 26 41 01H 166 a1 ] 057 96 MA! PLUG
208 C 28 41 o2+ 169 30 P ¢ 45 146 MA| PLUG
C 28 41 o 1.78 17 ] o 41 148 MA!
2056 C 32 41 0+ 062 26 Pl 042 72 MA; SLEEVE
206 C 37 41 03H 082 23 NONE 0 8R 83 SAI SLEEVE
27 C a8 41 02H 075 180 NONE 036 130 SAl SLEEVE
208 C 42 41 oo 041 45 P 061 30 MAI SLEEVE
209 C 7 42 024 027 n NONE 0 40 105 SAl PLUG
C 7 42 014 021 74 NONE 042 107 SAI
210 C 12 42 02H 024 20 NONE 054 50 Sal PLUG
21 C 13 a2 02H 2 40 28 Pi 028 154 MA| SLEEVE
212 € 36 42 03+ 054 53 NONE 037 92 MA] SLEEVE
213 . C a7 47 03H 061 58 NONE 0 40 78 SAl PLUG
214 C an 42 o2H 193 50 Pi 028 29 MA| PLUG
215 C 45 42 02H 148 21 NONE 107 34 MA! SLEEVE
2% . C 2 43 02+ 0 46 39 NONE 111 17 MA; PLUG
217 C 4 43 0aH D74 26 NONE 062 158 SAl PLUG
218 C 5 43 04H 059 10 NONE 076 14 SA PLUG
C 5 43 03+ 056 352 NONE 036 78 MA
C 5 43 0o2H 058 22 NONE 108 159 AR
219 C 7 43 0244 073 4 NONE 065 114 SAl PLUG
220 C 14 43 02H 148 14 Pt 069 141 SAl SLEEVE



APPENDIX 1

REVISION 2 SUMMER REPAIR PROGRAM (AUGUST 1991)
BC BC 8C MRPC MRPC  MRPC 12 (s
S/G ROW COLUMN TSP VOLTAGE PHASE CALL VOLTAGE PHASE CAlL  REPAR

221 G 15 43 04H 090 19 NONE 045 138 SAl PLUG
> 18 43 o2H 1.70 a8 Pt 029 106 MA|
C 18 43 01H 020 51 NONE 100 a5 MA|
222 C 19 43 02+ 142 24 Pl 038 62 SAl SLEEVE
223 C 29 43 02H 175 15 Pl 068 150 MAI SLEEVE
224 C K} 43 01H 028 51 Pt 039 74 MA| SLEEVE
22 C 34 a3 01H 113 17 NONE 054 66 SA! SLEEVE
226 C 45 43 o1+ 1 B0 12 Pl 623 103 MA| SLEEVE
227 C 4 44 03+ 0 44 56 NONE 248 10 SAl PLUG
228 C 8 44 02 o /1 7 NONE 077 as Sal PLUG
229 C 9 44 02H 050 27 Pi 098 161 SA! PLUG
23 C 11 44 01 021 ] NONE 082 149 Sal PLUG
231 C 14 a4 01H o8 a8 Pi 0 46 94 MA} PLUG
Z 4 16 44 02H 026 32 NONE 097 153 SAl PLUG
233 C 18 44 o2H 040 141 NON: 0 a6 74 SAl SLEEVE
234 C <=0 44 o2H 142 17 Pl 050 23 SAl SLEEVE
235 C 42 44 07H 110 21 Pt 029 6 SAl PLUG
236 C 43 44 03 149 23 Pt D a4 110 MA} PLUG
C 43 44 02H 025 108 NONE 055 R2 SAl
237 C 7 45 03H 071 40 NONE 064 141 MAj PLUG
C 7 45 02H 050 30 NONE 028 SAl
C 7 45 0tH 031 37 NONE 052 91 L]
238 C 21 45 0aH 068 112 NONE 044 78 SA; SLEEVE
239 C 23 45 01+ 0 56 28 Pi 048 60 MA| SLEEVE
240 C 25 45 o2H 034 17 NONE 0 60 149 MA PLUG
C 25 45 o1 051 20 NONE 090 4 SAl
241 C 28 a5 oH 09 34 Pl 067 35 SAl PLUG
242 C 38 45 02+ 045 34 NONE 055 25 MA| SLEEVE
243 C 43 45 ozH 051 100 NONE 032 36 SAl SLEEVE
248 C 44 45 02H 141 14 P 129 177 M2 SWEVE

. 310
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APPENDIX 1

REVISION 2 SUMMER REPAIR PROGRAM (AUGUST 1991)

BC BC BC MRPC MIPC  MAPC TYPE
S/G ROW COLUMN TSP VOL TAGE PHASE CALL VIO TAGF PHASE CALL REPAIR
271 C 43 48 03+ 093 3z NONE 060 9i MA! PLUG
C 43 48 02H 108 23 Pi 062 130 MAL
2712 C 4 49 02H 162 26 Pt 042 118 SAl PLUG
273 € ] 49 03H 093 "% NONE 080 38 SAl PLUG
274 C 18 49 01H 0 46 8 NONE 104 31 SAj PLUG
21 C 27 49 01H 140 18 NONE 147 24 MA| PLUG
216 C 29 4y 03H 083 24 Pt 083 8 SAl PLUG
C 29 4g 02H 085 48 P 049 90 Mal
2 ¢ 34 49 02H 160 B PI 047 42 MA SLEEVE
218 C a7 49 03H 053 27 NONE 095 37 Sal SLEEVE
2/ C 42 49 o2H 043 60 Pt 1 69 16 SA! PLUG
C 42 49 01H 095 50 Pl 1.27 149 MAL
280 C # 50 01H 077 1 NONE 047 59 SAl PLUG
281 C 17 50 01 079 19 Pt 048 101 SAi PLUG
2w € 19 50 01H 0 46 151 NONE 069 56 SAl SLEEVE
2883 C 23 50 04H 026 2l NONE 027 97 MAI PLUG
C 23 50 02H 061 29 NONE 073 54 SA!
G 22 50 01+ 217 23 2 053 65 MA[
288 C 26 50 O1H 044 43 NONE 063 171 MA PLUG
208 C 27 50 01H 281 15 NONE 068 110 MA! PLUG
286 C e 50 01H 163 26 Pt 059 141 A PLUG
MM C 42 50 o 047 81 NONE 072 & MA! SLEEVE
a8 C 45 50 05H 078 153 NONE Th3 164 S&S SLEEVE
M C a4 50 G1H 098 21 NONE 064 155 SAl PLUG
290 C 45 50 01H 139 43 P! 032 98 MA! SLEEVE
291 C 2 51 01H 039 “ NONE 044 147 SAl PLUG
x» C 4 51 02H ssn 15 NONE 269 14 SAI PLUG
C & 51 OH 042 34 NONE 053 126 SAl
233 c 73 51 o024 033 129 NONE 126 20 MA) PLUG
s 51 O1H 085 17 NONE 103 24 MAI .
@
—



SEVISION 20 SUMMER REPAIR PROGRAM (Al IGLIST 1991)
AC A ( BC MR AER Y MR>C TYPE

ROW COL LN rsp v TAGE PHASF CALL VOITAGE PHASE CALL REPAIR

NONE Prg— 2 PA ISR
NONE SAl
~NONE 041 GAL
o 0 9% MAI
ol ) 36 MA|
NONF 0 : SAIl
NOINT } MAI|
NONF
NONF ) SAY
NN
NONF
o
NOINT

NOINT

NONF
NONE
NONF
NONE
NONE
NONE
NONE




APPENDIX 1

AREVISION 2 SUMMER REPAIR PROGRAM (AUGUST 1991)

BC BC BC MARPC MRPC  MRPC TYPE
S/ ROW COLUMN TSP VOLTAGE PHASE CALL VOLTAGE PHASE CALL REPAIR
315 C 43 52 01H 128 29 Pl €93 159 SAj PLUG
316 C 44 52 o1 044 2 NONE c32 58 MAI PLUG
317 C 2 53 02H 114 16 NONE 0 86 15 A PLUG
C 2 53 01H 078 22 NONFE e26 02 SAl
318 C 6 53 03H 096 41 Pi 0 86 25 MA| PLUG
a1 C G 53 04K 0 a1 101 Pl 033 126 MA] PLUG
C 9 53 03H 075 27 ] 037 75 MA|
30 C 10 53 03H 0 60 NONE 064 166 SAl SLEEVE
321 C 1 53 02H 036 23 NONE 054 57 MA! SLEEVE
322 C 13 53 02+ 023 78 NONE 047 85 MAS SLFEVE
323 C 14 53 0aH 039 a2 P oM 86 MAI PLUG
C 14 53 02H 028 9 NONE 0 45 114 SAI
324 C 15 53 0 014 165 NONE 063 as MAai SLEEVE
325 C 17 53 02+ 018 78 NONE 042 80 MAI SLEEVE
326 C 18 53 o2H 050 76 NONE 047 n SAl SLEEVE
327 C 19 53 02H 047 NONE 058 23 WA PLUG
C¢ 19 53 01H 041 61 Pi 058 23 MA!
328 C 20 53 O1H o8 2R Pl 0523 154 REAG PLUG
329 C 21 53 o2H 013 153 NONE o R MAJ PLUG
C 21 53 O1H 029 92 Pl 066 90 SAl
s C 23 53 02H 029 25 NONE 0«9 130 SAl SLEEVE
331 C 25 53 01H 043 145 NONE 021 122 MAL PLUG
332 C 29 53 02H 160 NONE 036 Sa AL PLUG
C 29 53 O1H 091 NONE 033 3 SAl
333 C a5 53 01 073 NONE 038 116 SAI SLEEVE
334 C 36 53 o2+ 044 NONE 027 110 SAl SLEEVE
< C 37 53 02H 050 P 045 62 SA SLEEVE
36 C 41 53 03+ 141 NONE 053 22 MAi SLEEVE
37 C a4 53 0aH 054 NONE 035 24 MAI PLUG
C 44 53 02H 09 NONE 044 118 Sal




APPENDIX 1

REVISION 2° SUMMER RECAIR PROGRAM (AUGUS T 1991)
BC BC B( MRP(
S G ROW COLUMN rsP VOL TAGE PHASF CALL VDL TAGE
N.")IJ(
l:' il
D
NONE
NONE
NONE

NONT

NOINE
rONE
I'Ar ).J:

MONE

NOINT

NONE

NONE
HNOINF
NONE
Pi
Mfwl‘?r




APPENDIX 1

REVISION 2. SUMMER REPAIR PROGRAM (AUGUIST 1991)
8C BC BC MRPC MRPC  MAPC e

S/G ROW OCOLUMN TSP VOLTAGE PHASE CALL VOLTAGE PHASE CALL REPAIR
w3 C 37 55 03H 028 a4 NONE e 36 109 SAl PLUG
Bse C 42 55 02+ 073 39 Pt 050 % Ma; SLEEVE
s C 5 56 03+ 028 14 NONE 009 a4 SAl PLUG
36 C 17 05H 069 N NONE 045 27 SAl SLEEVE
7 C 29 2 01H 1.15 30 P 24 116 MA| PLUG
s C 34 03+ 0 41 19 NONE 0 &1 24 MA] SLEEVE
» C 6 57 04H 058 36 ] 028 42 SA PLUG
C 6 57 uIH 049 9 NONE 123 168 ML
ann C 11 57 03H 074 24 Pl 040 155 SAi SLEEVE
3 13 57 01H 038 28 NONE 028 71 RAA PLUG
32 € 15 57 01H 057 15 L] 035 174 MA: PLUC
3713 ¢C 17 57 03+ 056 an NONE 028 147 MA] PLUG
C 7 57 01H 1 58 176 NONE 044 - I Sal
a7za C 36 57 o7H 078 a7 Pt 034 21 MA| SLEEVE
a’s C 37 &7 07H 078 18 NONE 064 45 SAi SLEEVE
ate C 2 58 02+ 100 k3 NONE 034 122 SAl SLEEVE
an7 C 3 58 04K 057 25 Pl 028 133 SAI PLUG
C 3 58 03 027 145 NONE 055 157 SAl
C 3 58 02+ 099 41 Pi 039 137 MA;
a;a C & 58 0aH 058 14 NONE 047 I SaAl PLUG ‘
C 8 58 03H 072 25 Pi 037 120 MA| |
C 8 58 o2H cas 167 NONE 102 17 SAl |
am C 10 58 05H 033 102 NONE 0 4a a SAi PLUG |
C 10 58 03+ 051 34 NONE 047 3 SAl
C 10 58 02H 074 n NONE 052 109 MaA*
s C 1" 58 02H 035 136 NONE 062 132 CAL SLEEVE
381 C 15 58 01+ 049 24 NONE 052 112 SAl PLUG
J82 C 21 58 JI3H 063 57 NONE 028 61 SAl SLEEVE
383 C 27 58 0iH 078 34 NGNE 053 i, A PLUG
34 C 41 58 o1H 056 k] Pl 042 4 MA! UG ‘
.o 16 ’ ‘J



APPENDIX 1

b f

REVISION 2 SUMMER REPAIR PROX JAAM (AUGUST 19971
B(

S/G ROW COLUMN TSP PHASE

M ?Nf
NONFT
Pt
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REVISION 2

S/G

Alc {
41¢ {
417 {
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41G {
40 i

p
421 {
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‘,!‘\’ |
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435 O
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1 41
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1 1%
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APPENDIX

1991}
BC
PHASE

144
32
68

8C

NOONT

D4
i

rONTF
NONIE
NONT
NONE

D

NONT
Py
NOWME
o1
NONF
NONS
NONE
NY Tt
Pi
NONE

MaPC
VU TAGE

( '»
Nna7
y 4%

4

W
n o
n 31
0 R4
038
07

MRPC MRPC

PHASE

~
178
37

CALL

MAT
MAi
CA!
tAAL

MA
MA
S Al
MA;
MAI
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Al
LY T
SA!L
MAI
A

MA!
MA
SAS

PLUG
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PL UG
o

PLLUIG
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APPENDIX 1

REVISION 2 SUMMER REPAIR PROGRAM (AUGLUIST 1991)

S§/G ROW Ot

s RBRRRRVEFe2BENGR2agR28Y
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-
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2292222 ARRRIRARRRARAAAR2RTDLDR

S999999993999999339838% 4
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APPENDIX 1

REVISION 2 SUMMER REPAIR PROGRA-! (AUGUIST 19a1)

BC

S/G AROW COLUMN TSP VOLTAGE  PHASE CALL

8C

BC

3§333§33333333333333%33

feeesgil

TRERBSERORE

7a
%
P
6
27
n
an
a8
71
59
19
R
a5
ba
@
@
59
2

109
060
o8s
058
onAR
0118
GHe
om
ers
g 62
085
on
G a5
067
0 Ra
143
170
0 a2
063
0 9%
043
154
0 o5
077
05a
061
21
068
158
o

3311333111131 B 1111
RRRRERRRRRRRRRRRERARRANRRRNRRRR

meoee e PRI NRR R R R ERERRmnEY

PLLLRLLLPRRELRLPLLLLLLLEOLLLOOLLOL

§E§ CGePOrOEEE ER: BERNBRREEES

Page 21



4
&
.
573 k!
g .
e
A4 3
=

N
»
~4

)

538 C 78

ARRRRR

.
o

' 4

4

4

T4

' &F

44

g o

ADDENIY

JLIST 1991
B B(
PASE CALI

4 NONE

‘,‘ -~
VT ¥ 2
NS

14 "
o . .N(
A NONT
« NOINE
.' '_‘:

4 »
2 nGONE
g IR
NGONIT
NOINE
NOWNE

» ™
47 P

4s NONE

MR F

VN TAGE P ARNT

i
£

P
>

cq '
1 oy
a0
~a
.47
-l ‘{

4
n
-

4

29 147
N~ "7
p— '

hed

MA

) &
» »

|

-
B

5

<

) N OE J
ESEEEPEE R EEREREERRERER"

N

g

g

$eEs

—
-
P -
.
L
o
2
. -
v
. T
9
—~
~

1

W




APPENDIX 1

REVISION 2 SUMMER REPAIR PROGRAM (AUGUST 1991}
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APPENDIX 1

REVISION 2 SUMMEF: REPAIR PROGRAM (AUGUIST 1991)
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APPENDIX 1

REVISION 2° SUMMER REPAIR PROGRAM (AUGUIST 19571)
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APEENDIX ¢

REVISION 2 SUMMER REPAIR PROGRAM (AUGUST 1991)
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APPENDIX 1

REVISION 2 SUMMER REPAIR PROGRAM (AUGUST 1991)
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REVISION 2 SUMMER REPAIR PROGRAM (ALIG' ST 1991)
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REVISION 2° SUMMER NEPAIR PROGRAM (AUGUST 1991)
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APPENDIX 1
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APPENDEX 1

REVISION 2 SUMMER REPAIR PROGRAM (AUGLIST 19971)
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REVISION 2 SUMMER REPAIR PROGRAM (ALIGUST 1991)
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REVISION 2 SUMMER REPAIR PROGRAM (AUGUST 19a1)
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REVISION 2 SUMMER REPAIR PROGRAM {AUGUST 1991)
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REVISION 2. SUMMER REPAIR PROGRAM (AUGUST 1991)
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REVISION 2 SUMMFR REPAIR PROGRAM (AUG! ST 1991)
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LEGAL NOTICE

This report was prepared as an account of work performed by Combustion
Engineering, Inc. Neither Combustion Engineering nor any person acting on its
behalf:

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 “or damages

resulting from the use of, any information, apparatus, method or process
disclosed in this report.
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QUALITY 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 EPRI/PGE program includes the
examination of sections taken from tubes ‘C'R12(C66, 'C'R14C14 and ‘D'R1Z(B 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'R20C66, 'D'RBCE6, 'C'RBCEY, 'C'R12C70, and it is being performed
to meet QAM-100, Rev. 3 standards. Information presented in this report, or
conclusions derived from the EPRI/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 interin report,
not the final report.
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of these indications increased significantly &t 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, bu* 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 for dectructive
examination. The last five tubes in Table 1-1 were either recently plugged or
plugged during a previous outage.

The examinations inciuued a variety of tasks:

[visual examination]
[dimensional characterization)
[double ard single wall radiography]
- burst testing
- scanning electron microscope examinations
- 1ight optical microscopy evaluations
deposit analysis
. tensile testing
- [microhardness testing)
- [sensitization assessment)
[chemical aralysis]
crack surfac~ 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 Timited SEM

1-2






Table 1-1

TROJAN TUBES REMOVED FOR DESTRUCTIVE EXAMINATION IN 1991 ‘
Number of j:
Tupe Plugged Month Removed 1<Ps Removed
["C'R1ECGS 1940 May 0]
[“C'R14C14 No May 0)
[‘D'R12CE8 1989 May 3)
‘C'R29C70 1991 Sept.-0Oct 3
"C'R30C64 1991 Sept.-0ct 3
‘D'R16C74 1991 November 3
‘D'R20C66 1990 November 3
‘D'RBLHE 1989 November 3
"C'R8BCEY 1991 November 3
‘C'R12C70 1991 November 3

1-4
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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- Puil 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 Ceil Phase MRPC Signal Signal Signal Ceil Coil Phase MRPC Signal

Tube TSP Voltage Signal Angle Voltage Cali Call Call Voltage Signal Angle Voltage Call

(12/8 - 1 8. 17 82% 64 4.35 MAI MAT MA] 12.51 69% 78 7.26 MAL]
[ - & 1.72 55% 96 0.50 NDOD MAT MAI 3.29 67% 80 1.36 SAL]
{ -3 1.14 55% 96 0.52 NDD MAT MAT 7.76 13% 127 5.87 SAL)
29/70 - 1 0.31 62% 81 0.16 Al SAI MA] 1.74 % 139 1.45 SAI
- 2 0.37 64% 85 0.34 MAT MAT SAl 6.07 0% 171 0.79 MAI

- 3 0.34 % 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 SAT 3.35 92% 4] 1.30 MAT
-2 1.13 93% 55 0.57 MA] MAT MAI 9.68 0% 158 2.74 MA]

-3 1.12 0% 139 0.59 NDD 3:1 HAI §.85 0% 147 1.37 MAT

16/74 - 1 1.12 85% 57 0.66 MAT MAT MA] 7.16 64% 87 0.9% MA]
-2 c.87 12% & N/A NDD NDD NDD 0.60 a49% 100 0.31 MA]

-3 0.99 35% 14 N/A NDD NOD NDD 4.53 a2% 14 0.49 SAI

20/66 - 1 2.58 66% 8 1.10 MAI MA] MAI 7.98 28% 114 0.97 MAI
2 ¢.25 64% 80 1.51 SAI MAI MAT 8.65 e 156 1.10 MAI

- 3 0.99 7% 44 0.80 NDD MAT MAT 2.81 35% 103 0.76 MAT

8/6€ 1 3.12 57% 77 2.16 MAI MAIT MA] 8.00 40% 110 1.60 MA]
0 1.66 73% 29 0.56 NDD MAI MA] 2.11 43% 134 0.79 MAL

- 3 0.5 48% 19 0.18 NDO SAI SAi 0.69 63% 86 N/A NDD






Section 3

BURST TESTING

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’'R12CEB]

(b) TSP #1, #2 and #3 from 'C'R29C70, 'C'R30C64, 'D'R16C74,
'D'R20C66, 'D'RBCEE and 'C'RBCES

(c) TSP #] and #3 from SG "C'R12C70

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 cevice
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 be
displaced upward with the result that the original TSP location could
momentarily be located outside the TSP boundaries (i.e., the TSP would not
provice 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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The other twenty-one specimens failed by an axial (slot) rupture at pressures

of 5900 psi to 10,600 psi. By comparison, a non-defective burst specimen .
would fail at 10,000-11,500 psi. None of these specimens developed

throughwall leaks at any of the hold points. Two of the specimens developed

leaks during the ascent to burst pressure ('D'RBC66 - #] and "C'RBCES - #]).

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 ¢ircumferential cracking.

»



W

Table 3-)
BURST TEST SUMMARY

Burst Total Burst
Angular Length**  Secondary Crack

Tube 1SP Burst(psi) Position* _ (inch)  _ Description

[‘D'R12C8 1  »>3300 (leak)  20° 0 Five axial and circ.
5 Near Leak
3 10400 80" 1.1 Numergus, mostly axial,

315° extent]

‘C'R29C70 1 10400 0 1.3 Eight short axial
P4 9000 0O 1.0 Nine short axial
3 10400 180 1.3 Four small branched axial
'C’'R30C64 ) 10500 3403 1.3 Several axia)l near top TSP
2 8800 340 1.0 Several axial, in
5 three "patches” 5
3 10200 0 1.3 Numerous axial, 270
extent, minor circ.
‘D'R16C74 ) 8600 3152 1.1 Axial, 138° extent
2 9500 3300 1.1 Axial, 90° extent
3 10400 270 1.5 Axial, 90° extent
‘D'R20C66 1 £150 202 1.1 Axial, almost 350° extent
2 8750 180 1.1 Axial, almost 360° extent
3 9300 180° 1.1 Axial, almost 360° extent
‘D'RBCEE ) ;goo (leak)  90° 1.5 Axial, almost 360° extent
00 (burst)
2 8750 210° 1.3 Axial, almost 360°
extent, minor circ
3 10600 280° 1.5 Nune
'C'RBCEY 1 5500 (leak) 10° 1.3 None
5900 (burst) 1
2 7700 270° 1.0 Axial, almost 360° gxtent
3 9700 180° 1.3 Numerous axial, 360
extent
'C'RI2C70 1 7100 280° 0.9 Two small axial patches,
minor circ.
3 9500 260° 1.3 Axial, almost 360° extent

* Notch made during tube pull is 0°. Direction is clockwise looking down
(towards bottom of the steam generator).
** Includes ductile tearing beyond the in-service degradation.

3-5






Section 4

FRACTOGRAPHY

SAMPLE SELECTION

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
‘0'R12C8 was not analyzed by fractography since it was not burst.] Similarly,
the second TSP of tube 'C’RI2C70 was not examined for the same reason. With
the exception of the first TSP of ‘D'R12(C8, 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
by fractogrzphy, since it contained less of the TSP intersection, leaving more
materia) 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
weh as 1/4 inch above the bottom c¢f the TSP to less than 1/16 inch above the
suttom of the TSP, Similar attempts were made to axially pull apart the
section of tubing containing the third TSP of 'D’'RI2C8 after burst, but after
a couple of attempts it was decided to cut out and analyze the axial burst
crack face.] The remaining 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. A1l 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’R29CT0 TSP #1, 'C'R30CE4 TSP #1 and #2. The other four samples were taken
from the right burst face. [One of the upper half axial cracks of "D’'R12(8
TSP #] was opened up and examined as well.)

4-1
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were used in a sequential evaluation investigation.)

(A Tongitudinal mount of the first TSP of ‘L'R25(58, representing a half
cylinder extending from above the top of the TSP to below the bottom of the
15P, was recovered from storage. It was broken out of its old mount ing
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 nne level while the transverse mount
was investigated at four levels, .050 inches apart.)

PROCEDURES

A1l 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?TB and the] TSPs of
'C’R30C64 were made from the mid-TSP transverse mounts. Montages were not
made of "C'R28C70 TSPs because inspection showed that 1ittle 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.

Oepth of penetration measurements around the circumference of the mid-TSP
mounts were made using a 10X filar eyepiece, which had been compared with
calibrated dia) calipers.

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'RI2C8 TSP #1. It is presented here for
comparison. 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

§-2
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‘I.' [Table §-2)

SEQUENTIAL GRINDS INVESTIGATED FOR 'D'RIZCB

NN W)} T

ISP ¢ Qirectien 0 2 50 I8 100 1% 10

] Transverse-Sample A X X X X X X X

l Longitudinal -Sample A X X X X X

] Transverse-Sample B X X X X X X X

] Longitudinal -Sample B X v X X X X

¢ Transverse X X X X X

s Longitudinal X X X X X

3 [ransverse X X X X X X X

‘ . 3 Longitudinal X X X X
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