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METFOPOLITAN EDISON COMPANY, gﬁ *l.
(Three Mile Island Nuclear ltatlos. nit No. 1)

Docket No, 50-2897,°
Dear Administative Judges:

With reference to my letter to you of February 3, 1986,
I am enclosing for your information copies of Technical
Specification Change Request No. 153 which Licensee submitted
to the NRC Staff on February 4. The requested change to the
" schnical Specifications would be applicable only for the
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March 1986 eddy current testing outage, and is not a part of
the pending Change Request No. 148,

Sincerely,

%

Bruce W urchill
Counsel for Licensee

Enclosure

cc: Service List Attached
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86 FER 10 A Writer's Direct Dial Number

(st February 4, 1986
5211-86-2013

pffice of Nuclear Reactor Regulation
Attn: J. F, Stolz, Director

PWR Projects Directorate No. 6

U.S. Nuclear Regulatory Commission
Washington, DC 20555

Dear Mr, Stolz:

Three Mile Island Nuclear Statfon Unit 1 (TMI-1)
Operating License Mo, DPR-50
Docket No. 50-289
Technical Specification Change Request No. 153

Enclosed are three originals of Technical Specification Change Request

Mo. 153, which reflects a revision for an interim period to the repair Timit
for the Three Mile Island Unit 1 Once Through Steam fenerator Tubes, Forty
conformed copies are being sent separately.

Pursuant to 1OCFR50.9) (a) (1) we enclose our amalyses, using the standards of
10CFR50.92 for significant hazards considerations.

Pursuant to 10CFRS0.91 (b)(1) of the requlations, we have provided a copy of
this letter, the proposed change in Technical Specifications, and our anmalyses
of significant safety hazards considerations to Thoms ferusky of the Bureau
of Radiation Protection, the designated representative of the Commonwealth of
Pennsylvania, Also enclosed are signed copies of the Certificate of Service
for this request to the chief executives of the township and county fn which
the facility s located, as well as to the Bureau of Padiation Protection,

Pursuant to the provisions of 10CFR170,21, a check for $150.00 in payment of

the fee associated with Technical Specification Change Request Mo, 153 Pev, 0
fs being forwarded by separate correspondence.

GPU Nuclear Corporation is a subsidiary of the General Public Utilities Corporation



5211-86-2013 -2 February 4, 1986

The next T™I-1 Eddy Current Outage is scheduled for March, 1986, In order for

us to implement the revised repair lTimit at that time, we request that NRC
review and approve Technical Specification Change Request expeditiously.

Sincerely,

I@f&h
M.\D, Mukil

Director, TMI-]

SK:HDH:2852f
cc: J. Thoma
R. Conte

Enclosures: 1) Technical Specification Change Request No. 163

?2) Certificate of Service for Technical Specification Change
Request No, 153
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DOLKE 17D
METROPOLITAN EDISON COMPANY
JERSEY CENTRAL POWER & LIGHT cowpaNy = 10
AND

PENNSYLVANIA ELECTRIC COMPANY
THREE MILE ISLAND MUCLEAR STATION, UNIT 1

Operating License No. NDPR-50
Docket No. 50-289
Technical Specification Change Request No. 153

This Technical Specification Change Request is submitted in support of
Licensee's request to chuzc Appendix A to Operating License No. DPR-50 for
Three Mile Island Nuclear Station, Unit 1, As a part of this request,
proposed replacement pages for Appendix A are also included.

GPU MUCLEAR CORPORATION

Sworn and Subscribed

to before me this _‘4‘”

day °'Z.Auu7_- %% .
s

o Y
Fabo i A 1DEN BORD. Shur ity i

MY COMLISICN LIPIRES JUNE 12 179
Membdar Penreylvanis Associstion of Natar o



UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

IN THE MATTER OF

DOCKET NO, 50-289
LICENSE NO, DPR-5V

GPU NUCLEAR CORPORATION

This is to certify that a copy of Technical Specification Cha Request

No. 153 to Appendix A of the Operating License for Three Mile Island Nuclear
Station Unit 1, has, on the date given below, been filed with executives of
Londonderry Township, Dauphin County, Pennsylvania; Dauphin County,
Pennsylvania; and the Pennsylvania Department of Environmental Resources,
Bureau of Radiation Protection, by deposit fn the lUnited States mil,
addressed as follows:

Mr. Jay M. Xopp, Chairman e, Norman P, Hetrick, Chairmn

Board of Supervisors of Board of County Commissioners
Londonderry Township of Dauphin County

R. D. #1, Geyers Church Road Dauphin Tounty Courthouse

Middletown, PA 17057 Marrisburg, PA 17120

Mr, Thoms Gerusky, Director

PA. Dept. of Environmental Resources
Bureau of Radiation Protection

P.0, Box 2063

Harrisburg, PA 17120

(P MUCLEAR CORPORATION

.

DATE: February 4, 1986




TECHNICAL SPECIFICATION CHANGE REQUEST (TSCR) NO. 153

GPUN requests that the attached revised pages (Attachment 1) replace
ges 4-80 and 4-82, and add page 4-80a in the T™MI-1 Technical
Specifications.

REASON FOR CHANGE

GPUN in the past has repaired OTSG tubes based on a general 40%
throughwall repair 1imit, This repair 1imit defines as acceptable a
tube with an imperfection extending up to 40% of the tube wall
thickness. The imperfection my be up to 360" in circumferential
extent., GPUN recently has developed an amalytical basis to demonstrate
that an equivalent margin to safety can be provided by a tube with an
imperfection of greater than 40% of the tube wall thickness and a given
continuous length (specifically, 50% of the tube wall thickness with a
continuous length of 0.55 inches on the interior wall of the tube).
Eddy current technology has evolved such that 1t is possible to
characterize continuous imperfections in terms of volumetric
degradation, more specifically circumferential or axial extent, as well
as throughwall penetration,

Implicit in the application of the general 40% throughwall repair 1imit
have been an allowance of 10% on the throughwall extent for inaccuracies
associated with the eddy current detection capability, and an allowance
of 10% for currosion, GPUN has demonstrated eddy current capability to
characterize imperfections with fmaccuracy of less than 10% of nominal
throughwall, Also, GPUN has demonstrated to the satisfaction of the NRC
staff, as well as the Atomic Safety and Licensing Board, that corrosion
s not an ongoing phenomenon in the primary side of the ™I-1 Once
Through Steam Generators,

Also, application of the proposed criteria would result in a reduction
fn occupational radiation doses, Dur'ox‘tm mst recent ™I.1 eddy
current outage beginning in November 1984, GPUN removed from service 328
tubes by plugging, 118 of which would have been dispositioned to remin
in service in accordance with the repair 1imit proposed herein, The
occupational exposure rate inside the NTSG's during the 1984 plugging
activity was approximately 700mR/hr, which resulted in an average
exposure of approximately 120mR per tube, GPUN cannot mke a projection
at this time as to the number of tubes which will require removal from
service, 1f any, during the next eddy current outage; however, based on
recent history of plant operation, an exposure rate of 2-10R/hr within
the steam generators s anticipated. Thus, a significant reduction in
occupationa! exposure could be expected with app fcation of the proposed
repair 11t



[11. SAFETY EVALUATION JUSTIFYING CHANGE

The existing steam generator tube repair limit defines as acceptable a
tube with a imperfection extending up to 40% of the tube wall thickness
and up to 360° in circumferential extent and unlimited axfal extent,
This is based on analyses and state of the art eddy current technology
typical of the mid 1970's. With today's eddy current technology,
imperfections can be better characterized in terms of volumetric
degradation, more specifically circumferential, as well as throughwal)
penetration, Recent amalyses have demonstrated the acceptability of
tubes based on the extent of both depth and length of the imperfection,
These analyses show that mny imperfections exceeding 40% throughwall
are acceptable because they would not be of a size or configuration,
either at the time of ECT detection or during the interval between
inspections, to adversely affect the degree of required tube integrity,
Hence, the proposed criteria are based on the total cross section of
unimpaired tube remaining in the tube freespan, rather than a
consideration of throughwall depth alone.

The following paragraphs discuss the amalytical basis for the proposed
repair 1imit based on extent of volumetric degradation, the
characterization of defects previously discovered fn the TMI-1 OTSG
tubes, the capabilities of the eddy current program in place at ™I-1,
and compliance with NRC General Design Criteria 14, "Reactor Coolant
Pressure Boundary,” 15, “Reactor Coolant System Design,” and n,
"Fracture Prevention of Reactor Coolant Pressure Boundary.” Also
provided, as Appendix A, {s TDR-758, "Assessment of 50% TW Repair Limit
with Respect to Reg. Guide 1.12) Guidelines" which presents a detailed
demonstration that the proposed criteria are in accordance with the
guidelines presented in Regulatory Guide 1.12),

GPUN has demonstrated that a imperfection extending greater than

0.55 inches in continuous length with a throughwall penetration of 50t
can withstand loads associated with norm] operation and faulted
conditions (1.e., min steam 1ine break), with mrgins to safety as
suggested in Reg. Guide 1,121, assuming a 10% allowance on nominal
throughwall for eddy current inaccuracy. The error associated with the
eddy current process at TMI-1 has been shown to be within this allowance,

The proposed criteria apply to primary side f{ntermal diameter, ID)
imperfections only, Areas of reduced eddy current sensitivity on the
primry side (namely, the upper and lower tubesheet secondary faces and
tube support plate entry and exist locations) are excluded; the repair
1imit for indications in these areas remins 40% of the nominal tube
wall thickness,

The proposed criteria address imperfections both predominmantly
circumferential in orfentation and predominantly axfal in orfentation,
The analytical basis was derived for both axial and circumferential
{mperfections; however, no axfal imperfections have been found in the 10



tube freespan, either during previous eddy current examinations or
meta) lographic examinations, The TMI-1 Eddy Current Inspection Progam
can discriminate between axial and circumferential imperfections.

ANALYTICAL BASIS

The bases for p\quing criteria based on extent of volumetric
degradation were developed from several existing analyses of the
serviceability of flawed tubes under normal, transient or accident
conditions, These amalyses included ASME Section III (Ref. 1) and
Section XI (Ref, 2) fatigue evaluations, and a solid mechanics single
accident load (Main Steam Line Break Accident, MSLB) analysis conducted
as part of GPU Muclear's response to the 1981 tube cracking experience,
as presanted in TR-008 (Reference 3). These analyses have been
previout 1y reviewed and endorsed by the NRC staff,

GPUN's approach to determining a minimum required tube wall thickness
was twofold: (a) to establish by fatigue amalysis that tubes inservice
would not develop cracks under normal operating conditions, even in
areas of suspected degradation and (b) to demonstrate that existing
cracks, should they go undetected, would not propagate throughwall under
norm! operating or postulated accident loading conditions. GPUN's
evaluation combines the methodology of both ASME Sectfons IIl and XI in
order to assess the reductfon in fatigue resistance caused by identified
or hypothetical ECT indications, ASME Sectfon IIl provides guidance for
designing nuclear pressure components against faflure; ASME Section XI
provides guidance for evaluating the impact of suspected flaws in
pressure retaining components in service,

1. ASME Section III Fatigue Amalysis

The Section 111 fatigue faflure amalysis uses crack inftiation as
the criterion for loss of fatigue resistance of the materfal;
therefore design using this approach assumes only a degraded
material condition and not outright structural failure, The
approach used to enter the ASME [[] design fatigue curve was
originally discussed in TDR-421 (Ref, 4) and is summarized in
TR-008 (Ref. 3), which formed a basis for NRC conclusfons in
NUREG-1019 (Ref. 5).

2. Non-Propagation of a Hypothetical Crack

In ASME Section XI, the methods of 1'near elastic fracture
mechanics (LEFM) are recommended., In this approach the presumed
crack 1s amalytically interacted with the local stress field in
order to predict enlargrment and propagation as service loads (both
mechanical and thcrul?'an cycled in the anticipated mnner, As
discussed previously in TDR-388 (Ref, 6) and TR-008, a particular
fracture mechanics solution was used by GPUM in order to properly
mode! the response of a thin tube to the presence of an ID
circumferential crack under appiied axia) load, interml pressure,
and bending stress due to flow induced vibration,




The aim of this amalysis was to demonstrate the adequacy of the
threshold of ECT detection sensitivity; however, the results of
that amalysis also satisfy the Section XI flaw acceptance criteria
when combined with the results of the min steam line break
amlysis,

The rupture strength of a flawed tube to the maximum axial load,
applied one time only, was evaluated under the faulted condition of
a min steam line break (MSLB). The tube response was amalyzed by
methods of solid mechanics, capturing the increased flexibility of
the tube at the elevation of the flaw and utilizing the flow stress
as the limited material condition,

Based on these discussions in TR-008, the NRC staff reached the
following relevant conclusions on page 12 of NUREG-1019 (Ref. 5):

1. Cracks which are large enough, i.e, critical sfze, to
propagate due to flow-induced vibration are readily detectable
by ECT;

2. Cracks which are below the threshold of ECT detectability will
not propagate under combined cyclic, flow-induced and thermal
loadings;

3. The maximum crack size which will remin stable during a MSLB
has been determined;

4, Throughwall defects which may propagate during operation can
be detected well below the threshold size that could fail
during a MSLB.

Conclusion

The amalytical results of the ASME Section III fatique evaluation,
the Section XI LEFM results, and the MSLB solid mechanics
evaluation were developed in terms of allowable tuhe wall
degradation, The proposed revision to the plugging criterfa (i.e,
a repair 1imit based on degradation less than 50% tnroughwall
penetration with a length of no greater than 0.55 inches, or 40%
throughwall penetration for lengths greater than 0.55 inches)
bounds the Section I[II fatigue evaluation, the Section XI LEFM
results, and the MSLB solid mechanics analysis. In addition, the
margin separating the ASME Section II1 fatigue analysis results and
the proposed plugging criteria of 50% throughwall with a length no
greater than 0,55 inches is twenty percentage points (20% on
nominal throughwall). The margin; separating the ASME Section XI
analysis and the solid mechanics single accident load analysis are
even greater (See TR-008 Figure IX-Z).



CHARACTERIZATION OF TMI-1 OTSG DEFECTS

In order to identify the cause of eddy current indications detected
during the TMI-1 OTSG tube examination beginning in November, 1984, GPUN
performed an in-depth review of the eddy current results and plant
chemistry history since the 0TSG's were first filled after the kinetic
expansion repairs, The results of this amalysis were initially
presented to the NRC in TDR-638 "Evaluation of Eddy Current Indications
Detected During the 1984 Tech. Spec. Inspection” Rev. 0 (Reference 7),
and subsequently in TDR-638 Rev. 1 (Appendix 8). TDR-638 discusses the
two possible causes evaluated for the 1984 eddy current indications:
corrosion, either continuing or newly initiated, and enhanced eddy
current detectability of existing intergranular attack (IGA) or
intergranular stress assisted cracking (IGSAC), and concludes that the
most 1ikely reason for having eddy current indications at this time was
enhanced detectability of preexisting areas of IGA/IGSAC.

TDR-652 "Evaluation of the 1984 Pequired Technical Specification
Examination of the T™MI-1 OTSG" (Appendix C) provides an in-depth
evaluation of the results of the 1984 eddy current examination, and
concludes that the 1984 examimation identified indications that were
already present in the tubes in 1982 but because of their weak sigmal
amplitude were msked by background noise. TDR-652 also concludes that
the mechanical, thermal and hydraulic loads imposed on the OTSG since
the 1982 examination may have enhanced the eddy current detection of
smll indications by increasing the signal amplitude but without
evidence of increase to percent throughwall. The review of the 1984,
1983 and 1982 examination results revealed that the percent through wall
determimation showed no trend of continued throughwall growth, and
provided no evidence of an active mechanism occurring during the period
of observation,

Recently, additional investigations were performed in an attempt to
further characterize the intergranular attack (IGA) that existed in the
0TSG's as a resuit of thiosulfate intrusion into the RCS in 1981 as well
as to help clarify the sensitivity and accuracy of eddy current
examimtion for IGA/IGSAC, as summarized in TDR 686, “Characterization
of IGA in TMI-1 OTSG Samples,” Rev. 1 (Appendix D). Existing reports
were reviewed and reported IGA areas were characterized. Tubes that hao
been previously removed and stored were eddy current and fiberoptic
inspected. Two tube sections were also cut and examined by
metallography. TDR-686 concludes that the metallographically determined
sizes of IGA patches were below the established level of eddy current
sensitivity for IGSAC,

CAPABILITY OF TMI-1 EDDY CUPRENT TECHNIQUE

During eddy current examination of the TI-1 OTSG's the percent

throughwall penetration of a discontinuity is determined by measuring
the sigml's phase angle and using a conversion curve to determine the
percent throughwall, The traditional curves used for this purpose are




designed for outside diameter discontinuities. For inside diameter
discontinuities the percent throughwall determimations are obta!ed by
extrapolation from the outside diaweter curve. This traditiona!
extrapolation tends to overcall smll volume inner diameter
discontinuities. The presence of inner diameter initiated,
intergranular stress assisted cracks in the TMI-1 OTSG's has required
GPUN to develop a more accurate means of assigning the percent
throughwall values.

In TDR-642, “"Qualification of Conversion Curve for Inner Diameter
Discontinuities”, (Appendix E), GPU Nuclear Corporation developed a
conversion curve which more accurately represents small volume, inner
diameter initiated discontinuities, by enhancing the traditiomal inner
diameter conversion curve with supplemental data from EDM nctches with
various known depths. The accuracy of the enhanced curve was verified
through metallurgical correlations using actual IGSAC.

The ECT accuracy my be demonstrated using six data points (eddy current
calls) from these metallurgical samples. The mean of these six data
points represents an overcall of 13.4%, A statistical evaluation
resulted in a2 standard deviation of + 16.7%. Thus, within one standard
deviation, an undercall of up to 3.3% was observed which is well within
the allowance for eddy current error. As discussed under ANALYTICAL
RASIS, above, the minimum margin separating the fatigue analysis results
from the new plugging criteria of 50% throughwall penetration with a
length no greater than 0.55 inches is twenty percentage points (20% on
nominal throughwall thickness).

COMPLIANCE WITH GEMERAL DESIGN CRITERIA 14, 15 and 31

Use of the proposed repair l1imit would not reduce or alter the extent of
TMI-1 compliance with General Jesign Criteria 14, 15, and 3.

1. General Design Criterion 14 - Reactor Coolant Pressure Boundary

GDC 14 specifies that the reactor coolant pressure boundary shall
be designed, fabricated, erected and tested so as to have an
extremely low probability of abnormal leakage, of rapidly
propagating failure, and of gross rupture.

The proposed change does not involve any change to the reactor
coolant pressure boundary design, fabrication and erection,

The OTSG tubes have an extremely low probability of zbnormal
leakage or of rapidly propagating failure as demonstrated, by the
mrgin (greater than 30% of nominal throughwall) bet'een the
proposed plugging criterion and the LEFM Section XI amalytical
results. In addition, the TMI-1 Operating License includes the
exceedingly restrictive condition that if primry to secondary
system leakage exceeds the baseline leakage rate by more than 0.1
gpm, the facility is to be shutdown and the leaking tube(s) removed
from service,



Also, the probability of gross rupture is extremely low, as
demonstrated by the margin (greater than 40% of nominal
throughwall) to the results for loadings associated with the Main
Steam Line Break anmalysis. Independent amalysis in TDR-758
(Appendix A) has demonstrated adequacy of the proposed plugging
criteria for loads associated with faulted conditions, with a
mrgin to safety of 1.428, as prescribed by Req. Guide 1.121,

General Design Criterion 15-Reactor Coolant System Design

GDC 15 specifies that the reactor coolant system and associated
auxiliary, control and protection systems shall be designed with
sufficient mrgin to assure that the design conditions of the
reactor coolant pressure boundary are not exceeded during any
condition of normal operation, including anticipated operational
occurrences.

As discussed under ANALYTICAL BASIS, above, GPUN has verified that
sufficient mrgin exists with the proposed plugging criteria such
that design conditions of the OTSG tubes are not exceeded during
any condition of normal operation, including anticipated
operational occurrences.

General Design Criterion 31-Fracture Prevention of Reactor Coolant
Pressure Boundary

GDC 31 specifies that the reactor coolant pressure boundary shall
be designed with sufficient margin to assure that when stressed
under operating, maintenance, testing and postulated accident
conditions (1) the boundary behaves in a nonbrittle manner and (2)
the probability of rapidly propagating fracture is minimized. The
design shall reflect consideration of service temperatures and
other conditions of the boundary material under operating,
maintenance, testing and postulated accident conditions and the
uncertainties in determining (1) material propecties, (2) the
effects of irradiation on mteria’ properties, (3) residual, steady
state and transient stresses, and (4) size of flaws.

The use of the proposed criteria would not alter the boundary
material and hence would not affect the nonbrittle behavior of the
boundary mterial.

As discussed under GDC 14, above, sufficient margin is provided to
minimize the probability of rapidly propagating fracture.

The amalysis presented herein includes consideration of service
conditions 2ssociated with operating and postulated accident
conditions. Loads associated with mintenance and testing
conditions are smll by comparison, and are enveloped by the loads
assumed in the anmalyses.




IV.

The amalytical results include a mrgin of twenty percentage points
or greater on throughwall for the proposed plugging criteria of 50%
throughwall with a length no greater than 0.55 inches to account
for uncertainties in determining flaw size.

4, Conclusion
Use of the proposed criteria would not reduce the extent of
compliance with General Design Criteria 14, 15 and 31,
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NO SIGNIFICANT HAZARDS CONSIDERAIONS

Application of the revised OTSG tube repair limits would not involve
significant hazards considerations for reasons as follows:

| ¥

Use of the proposed criteria would not involve a significant
increase in the probability of occurrence or consequences of an
accident previously evaluated.

The proposed criteria provide assurance of OTSG tube wall integrity
under normal operating conditions. In accordance with the
recommendations of Req. Guide 1.121, a margin of safety against
ductile failure equal to 3.0x normal loads has been verified.

Thus, use of the proposed criteria does not involve a significant
increase in the probability of occurrence of a steam generator tube
rupture event,



VI.

it v

The proposed criteria also provide assurance that the OTSG tube
wall integrity will be mintained under faulted conditions,
specifically under loads associated with the min steam line break
accident. In accordance w.th the recommendations of Reg.

Guide 1.121, a mrgin of safety against ductile failure equal to
1.428x upset loads has been verified. Thus, use of the proposed
criteria does not involve a significant increase in the
consequences of an accident previously evaluated.

2. Use of the proposed criteria would not create the possibility of a
new or different kind of accident from any accident previously
evaluated.

Use of the proposed criteria has no bearing on any accident other
than the steam generator tube rupture or main steam line break,
discussed above.

3. Use of the proposed criteria would not involve a significant
reduction in a mrgin of safety.

The mrgin of safety for the proposed revised criteria is no less
than the licensing basis for the existing repair limit., The
limiting mrgin of safety previously approved by NRC is not
affected or reduced. The margin separating the proposed revised
criteria from the analytical results for normal operating and
faulted conditions is in accordance with the guidelines of
Regulatory Guide 1.121.

Thus, the use of the proposed criteria involves no significant hazards
considerations.

IMPLEMENTATION

It is requested that the amendment authorizing this change becoine
effective immediately after receipt.

AMENDMENT FEE (10CFR 170.21)

Pursuant to the provisions of 10CFR 170.21, a check for $150.00 is being
forwarded by separate correspondence as payment of the fee associated
with this TSCR.




2. A seismic occurrence greater than the Operating Basis
Earthquake.

3. A loss of coolant accident requiring actuation of the
engineering safeguards, or

4. A mjor min steam line or feedwater line break.

4.19.4 Acceptance Criteria

a. As used in this Specification:

¥.

Amendment No. 47, 86

Imperfection means an exception to the dimensions,
finish or contour of a tube from that required by

fab) ‘cation drawing or specifications., Eddy current
testing indications below 20% of the ncminal tube wall
thickness, if detectable, my be considered as
imperfections.

Degradation means a service-induced cracking, wastage,
wear or general corrosion occurring on either inside
or outside of a tube.

Degraded Tube means a tube containirg imperfections
gb! of the nominal wall thickness caused by

degradation,

% DeEruhtion means the percentage of the tube wall
thickness affected cr removed by degradation.

Defect means an imperfection of such severity that it
exceeds the repair 1imit, A tube containing a defect
is defective.

Repair Limit means the extent of degradation at or
beyond which the tube shal' be repaired or removed
from service because it my become unserviceable prior
to the next inspection.

This 1imit is equal to 40% of the nominal tube vall
thickness, except for the primary side tube freespan,

For the primary side tube freespan, the repair limit
is either:

a. 50% of the nominal tube wall thickness and defect
length of 0.55 inches or less; or

- 4-80




Amendment No. 47, 86

b. 40% of the nominal tube wall thickness and defect
length greater than 0.55 inches; or

c. 40% of the nomimal tube wall thickness in areas of
reduced eddy current sensitivity (upper and lower
tubesheet secondary faces and support plate entry
and exit locations).

This primary side repair 1imit applies until Refueling
Outage 6R, at which time the repair 1imit for the
primary tube freespan will be such a 1imit as has been
approved by the NRC.

Unserviceable describes the condition of a tube if it
Teaks or contains a defect large enough to affect its
structural integrity in the event of an Operating
Basis Earthquake, a loss of coolant accident, or a
steam line or feedwater line break as specified in
4,19.3.c, above.

Tube Inspection means an inspection of the steam
generator tube from the bottom of the upper tubesheet
completely to the top of the lower tubesheet, except
as permitted hy 4.19.2.b.2, above.
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The program for inservice inspection of steam generator tubes is
based on a mdification of Regulatory Guide 1.83, Revision 1.
Inservice inspection of steam generator tubing is essential in order
to mintain surveillance of the conditions of the tubes in the event
that there is evidence of mechanical damage or progressive
degradation due to design, manufacturing errors, or inservice
conditions. Inservice inspection of steam generator tubing also
provides a means of characterizing the mature and cause of any tube
degradation so that corrective measures can be taken.

The Unit is expected to be operated in a manner such that the primry
and secondary coolant will be mintained within those chemistry
limits found to result in negligible corrosion of tha steam generator
tubes. If the primary or secondary coolant chemistry is not
mintained within these chemistry limits, localized corrosion my
likely result.

The extent of steam generator tube leakage due to cracking would be
limited by the secondary coolant activity Specification 3.1.6.3.

The extent of cracking during plant operation would be limited by the
limitation of total steam generator tube leakage between the primary
coolant system and the secondary coolant system (primary-to-secondary
leakage = 1 gpm). Leakage in excess of this 1imit will require plant
shutdown and an unscheduled inspection, during which the leaking
tubes will be located and repaired and removed from service.

Wastage-type defects are unlikely with proper chemistry treatment of
the primary or secondary coolant. However, even if a defect would
develop in service, it will be found during scheduled inservice steam
generator tube examinations. Steam generator tube inspections of
operating plants have demonstrated the capability to reliably detect
degradation that has penetrated 20% of the original tube wall
thickness.

Plugging or repair will be required for degradation equal to or in
excess of 40% of the tube nominal wall thickness, except for the
primry tube freespan.

For the primry side tube freespan, plugging or repair is required
for degradation either (a) equal to or greater than 50% of the tube
nominal wall thickness if the defect length is less than or equal to
0.55 inches; or (b) equal to or greater than 40% of the tube nominal
wall thickness if the defect length is greater than 0.55 inches; or
(c) equal to or greater than 40% of the tube nominal wall thickness
if the defec. is located in an area of reduced eddy current
sensitivity (upper and lower tubesheet secondary faces and tube
support plate entry and exit locations). The above plugging criteria
for the primary side tube freespan apply only until Refueling Nutage
6R, at which time the repair limit will be such a 1imit as has been
approved by the NRC.

Where experience in similar plants with similar water chemistry, as
documented by USNRC Bulletins/Notices, indicate critical areas to be
inspected, at least 50% of the tubes inspected should be from these
critical areas. First sample inspections sample size may be modified
subject to NRC review and approval.

' 4-82
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- Nuclear Post Ofice Box 480

Route 441 South

Middletown, Pennsyivania 170570191
717 944-7621

TELEX 84.2386

Writer's Direct Dial Number

February 4, 1986
£211-86-2013

Mr. Thoms A. Gerusky, Director

Pa. Dept. of Environmental Resources
Bureau of Radiation Protection

P.0. Box 2063

Harrisburg, PA 17120

Dear Mr. Gerusky:

Three Mile Island Nuclear Station, Unit I (TMI-1)
Operating License No. DPR-50
Docket No. 50-289
Technical Specification Change Request No. 153

Enclosed please find one copy of Technical Specification Change Request
No. 153 to Appendix A of the Operating License for Three Mile Island Nuclear
Station, Unit 1.

This request was filed with the U.S. Nuclear Regqulatory Commission on the

above date.
Sincerely,
— —
It (°46L6fr\
HoD, Hukill
Director, TMI-]
HDH/SMO/spb
Enclosure

GPU Nuclear Corporation is a subsidiary of the General Public Utilities Corporation



GPU Nuclear C~poration
Nuciear T
Route 441 South
Middietown, Pennsyivania 17057-0191
717 944.7621
TELEX 84.2386
Writer's Direct Dial Number

February 4, 1986
5211-86-2013

Mr. Normen P. Hetrick, Chairman

Board of County Commissioners of Dauphin County
Dauphin County Courthouse

Harrisburg, PA 17120

Dear Mr. Hetrick:

Enclosed please find one copy of Technical Specification Change Request

No. 153 to Appendix A of the Operating License for Three Mile Island Nuclear
Station, Unit 1.

This request was filed with the U. S. Nuclear Regulatory Commission on the

above date.

Sincerely,

b
(T ool
; o

H.\B. Hukill

Director, ™I-]
HDH/SMO/spb
Enclosure

GPU Nuclear Corporation is a subsidiary of the General Public Utilities Corporation



GPU Nuclear Corporation
Nuclear Pos! Offce Box 4
Route 441 South
Middletown, Pennsyivania 170587-0191
717 944.7621

TELEX B4.-2386
Writer's Direct Dial Nymber

February 4, 1986
5211-86-2013

Mr. Jay H. Kopp, Chairman

Board of Supervisors of Londonderry Township
R. D. #1, Geyers Church Road

Middletown, PA 17057

Dear Mr. Kopp:

Enclosed please find one copy of Technical Specification Change Request

No. 153 to Appendix A of the Operating License for Three Mile Island Nuclear
Station, Unit 1.

This request was filed with the U. S. Nuclear Regqulatory Commission on the

above date.
Sincerely,
g A
HL D. Hukill
Director, ™MI-]
HDH/SMO/spb
Enclosure

GPU Nuclear Corporation is a subsidiary of the General Public Utilities Corporation
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or burst (axial).




METHODS :

RESULTS:
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Cont'd

Margin against plastic collapse was met by using a non-linear
strain analysis and exceeded by an elastic plastic fracture
mechanics amalysis. The margin to hurst was shown to be exceeded
by net section collapse methods and by actual test data.

ECT Accuracy

ECT accuracy was demonstrated with metallurgical samples. The
recently qualified conversion curve was used in conjunction with
the .540 SD probe.

The following results were derived:

Defect size

A defect of 50% TW with a continucus length of 0.55" is acceptable.
ECT Accuracy

The proposed tube plugging criteria contains a margin of ten
percentage points on throughwall extent out of recognition of
possible ECT error. For a 50% throughwall defect, this represents
a 202 mrgin for error.

Using the mean and standard deviation obtained from metallurgical
samples the percent error due to undercall is 3.3%,

Acditional thickness degradation allowance

An additional thickness degradation allowance, as suggested in
Reg. Guide 1.121, has not been incluced because, first, the
mechanism for continued chemical attack from the inner surface has
been arrested and, second, the TMI-1 OTSG's do not have a history
of either significant tube problems because of wear on the outer
surface at the elevations of the lateral support plates or
secondary side chemical attack. Both the NRC staff and the Atomic
Safety and Licensing Board have concurred that primary side
corrosive attack is not ongoing.
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Comparison of the present results with the results from
previous analysis, albeit that methods differed, shows that
they are nearly the same.

This comparison allows the conclusion that fatigue, plastic
collapse and burst concerns are all satisfied. Plastic
collapse and burst are addressed for the first time herein,

The proposed tube plugging criteria conta®ns margins to
failure equal to or greater than those re .mmended in
Reg. Guide 1.121.

The percent error due to undercall is less than that
previously assumed.

The tube plugging criteria developed here is applicable to
flaws on the inner surface of the tube only. In addition, it
is applicable to the free span portion of the tube only, away
from entrance effects associated with support plates.

Tubes with defects on the 0D surface will be dispositioned at
40% TW. Tubes with indication of nearby OD and ID flaws will
be dispositioned on a case-by-case basis in a conservative
mnner consistent with the nature of the degradations involved
and the yncertainties of the ECT call.

The proposed GPUN OTSG tube plugging criteria provides for the structural
integrity of tubes with defects against fatigue failure mechanisms and against
failure in single application of large loads.

The latter condition, based in ASME Code practice, is recommended in Reg.
Guide 1.121, Basis for Plugging Degraded PWR Steam Generator Tubes (Ref. 2).
This source recommends a margin of safety against cuctile failure equal to 3.0
x normal loads and 1.428 x upset loads. In addition, identification of error
associated <“th ECT is also necessary as is a discussion of an additional
thickness de_ adation allowance.
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Reg. Guide 1.121 does not recognize the demonstrated capability of ECT in
characterizing both depth and extent of circumferential defects nor does it
mke a distinction between circumferential and axial defects. A comprehensive
plugging criteria should disposition tubes based on ECT characterization of
both depth and circumferential extent for circumferential defects and depth
and length of exial defects.

A comprehensive tube plugging criteria is developed here which meets or
exceeds NRC guidelines on structural margin, identifies a probability of ECT
error, and provides basis that an additional thickness degradation allowance
is not necessary.

METHODS

The approach used to demonstrate structural margin, as recommendec in Reg.
Guide 1.121, is descrited first. The approaches to address ECT error and
additioma) thickness degradation allowance will follow.

| % Structural Margin

Structural margin is demonstrated in "Evaluation of GPUN proposed
OTSG Tube Plugging Criteria” (Ref. 3) prepared by Structural
Integrity Associates.

Conceptual Overview
Loads

A factor of 3x normal loads (ASME Code, Sect. III). and 1.428 x
upset loads (ASME Code, Sect. III, App. F) is recommended by Reg.
Guide 1.121, The basic loads originate in a B&W generic document
on tube plugging (Ref. 4). That report not only provides
identification of loads under anticipated design basis conditions,
it also provides the thermal/hydraulic methodology for deriving
those service loads. The domimant component in the tube axial
load is thermally induced, as would occur when the OTSG shell is
hotter than the tubes. The resulting load is cdue to thermal
growth difference, or, in other words, displacement control, If
displacements of interacting members are reduced, reactions are
reduced. This is in opposition to load control where reactions
are independent of displacement,
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Non-linear Strain Analysis

Applying large factors to relatively large loads produces stresses
in the region of the material stress-strain curve where
displacement and load are no longer linearly related. Resistance
to displacement decreases as material response becomes
non-linear. Reaction loads decrease as the more flexible tubes
are stretched, or displaced, to conform to the growth of the 0TSG
vessel shell. Loads less than what are predicted by linear
proportiomality are actually generated. Invoking the tube
mterial actual stress-strain response shows that lower internal
reactions should be used in the evaluation. The loads that are
actually developed on the OTSG tubes are identified. This is
discussed in Ref. 3, Sec. 2-1; please see Fig. 2-1, specifically.

This effect is particularly important when considering circumfer-
ential defects. Mo such benefit exits for axial defects, however,
because large strains are only possible in the longitudinal tube
direction.

Failure Criteria: Met Section Collapse, Tearing Instability, and
Burst.

Net section collapse (NSC) has been used by EPRI to gauge the
structura integrity of pipes with circumferential defects (Ref.
5). A defect is umacceptably large where a point on the
cross-section reaches the material flow stress. This condition is
equated to ductile failure. The flow stress condition represents
the departure from uniform material elongation and the on-set of
neck-down deformation prior to reaching the ultimate tensile
strength, The analysis of NSC proceeds from principles of solid
mechanics.

The amalysis for tearing instahility, however, proceeds from
principles of elastic plastic fracture mechanics (EPFM). A crack
in a structure my propagate a small distance and then arrest or
it my tear through the material without arresting if the
combimtion of load and crack size is sufficiently damaging. EPFM
predicts the onset of the latter condition, i.e., tearing
instability. The tearing modulus and applied J are computed for
this purpose. See Sect. 4.1 of Ref, 3. Burst is the failure mode
for tubes with axial defects. No benefit can be taken here for
actual material response to reduce reaction loads because burst is
load, not displacement, controlled. Amalytically, flow stress is
taken to govern prediction of burst. A comparison of predicted
burst behavior with experimental data shows that amalysis contains
inherent conservatism. See Sect. 5.3 of Ref. 3.
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Failure by Fatigue Mechanisms and the MSLB

Analyses demonstrating the serviceability of flawed tubes against
fatique failure mechanisms have been previously reviewed and
endorsed by the NRC staff. These amalyses included ASME Section
111 and Section XI fatigue evaluations, and a solid mechanics
single accident load (Main Steam Line Break, MSLB) amalysis
conducted as part of GPU Nuclear's response to the 1981 tube
cracking experience, as presented in TR-008 (Ref. 1).

GPUN can now take credit for that previous work in fdentifying
minimum required tube wall thickness. Inherent in the previous
work was the capability to establish that a) by fatigue amalysis
that inservice tubes would not develop cracks under normal
operating conditions, even in areas of suspected degradation and
b) that existing cracks, should they go undetected, would not
propagate throughwall under normal operating conditions.

GPUN's evaluation combines the methodology of both ASME Sections
IIT and XI in order to assess the reduction in fatigue resistance
caused by identified or hypothetical ECT indications. ASME
Section III provides guidance for designing nuclear pressure
components against failure; ASME Section XI provides guidance for
evaluating the impact of suspected flaws in pressure retaining
components inservice.

The Section 111 fatigue failure amalysis uses crack initiation as
the criterion for loss of fatigue resistance of the material;
therefore, design using this approach assumes only a degraded
material condition and not outright structural failure. The
approach used to enter the ASME III design fatigue curve was
originally discussed in TDR-421 (Ref. 11) and is summarized in
TR-008 (Ref., 1), which formed a basis for NRC conclusions in
NUREG-1019,

In ASME Section XI, the methods of linear elastic fracture
mechanics (LEFM) are recommended, In this approach the presumed
crack is analytically interacted with the local stress field in
order to predict enlargement and propagation as service loads
(both mechanical and thermal) are cycled in the anticipated
manner. As discussed previously in TDR-388 (Pef. 10) and TR-008
(Ref. 1), a particular fracture mechanics solution was used by
GPUN in order to properly model the response of a thin tube to the
presence of an ID circumferential crack under applied axial Toad,
internal pressure, and bending stress due to flow induced
vibration. The aim of this amalysis originally was to demonstrate
the adequacy of the threshold of ECT detection sensitivity.

The rupture strength of a flawed tube to the maximum axial load,
applied cne time only, was evaluated under the faulted condition
of a min steam line break (MSLB), The tube respcnse was amalyzed
by methods of solid mechanics, capturing the increased flexibility
of the tube at the elevation of the flaw and utilizing the flow
stress as the limiting mterial condition.
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ECT Accuracy

ECT accuracy was demonstrated with metallurgical samples., The
recently qualified conversion curve was used in conjunction with
the .540 SD probe to generate 6 data points for defects.

The approach taken here utilizes percent error of the ECT call
with respect to actual flaw size, as shown by metallurgica)
examination, to establish relative error. This approach allows
conclusions concerning ECT overcall or undercall.

The margin separating the fatigue amalysis results and the
proposed plugging criteria is at least ten percentage points (10%)
on throughwall out of recognition of possible ECT error.

Additional Thickness Degradation Allowance

Additional material allowance out of recognition of both a primary
side attack combined, at the same elevation, with mechanical wear
from the outer surface, as at the elevation of the upper lateral
support plate, is addressed in two ways. First, primry side
chemical attack was arrested by chemical cleaning and is prevented
from reoccurring by plant chemistry procedures involving pH and
lithium addition (Ref. 8).

Second, plant engineering records of the tube plugging on account
of wear on the outer surface (Ref., 7) indicate that cross-flow
patterns for the generators at TMI-1 do not promote this mode of
degradation. Six lane tubes were plugged on account of wear at the
15th lateral support plate as a precautionary measure. ECT
techniques now in place will be employed to examine these areas.

Structural Margin

The results of the non-linear strain amalysis are shown in Figure
1. Tube load versus displacement, assuming Tinearity, is shown as
the bold straight line. The parallel dashed line is the 0.2%
offset yield 1ine., The curved dashed 1ines are the actual
material temperature dependent engineering stress-strain curves.
As the material strains, the predominately thermal loads are
reduced. Dropping down from the pseudo-elastic response to the
actual non-linear material response (intersection at circles)
gives the true tube load by reading back to that axis. The
applied axial loads are shown muitiplied by the factors of safety
recommended by Req. Guide 1.121.
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The results of the NSC and EPFM structural amalyses for circum-
ferential defects in tubes are shown in Fig., 2. The anmalytical
results are shown with respect to a piece-wise linear expression
of the proposed plugging criteria. The two NSC curves (dotted)
reflect the two conditions of flawed tube structural response;
that the tube is flexible (triangle) and that it is inflexible,
The EPFM result is indicated as: J-T, 42 KSI. The 42 KSI follows
from the industry practice for 360°, 40% TW defects.

In the area of the proposed plugging criteria, both NSC models
produce results well removed from the 10% TW zone. The EPFM
results are in a region well removed from the proposed plugging
criteria. These results are nowhere within 10% TW of the
criteria, The NSC results for a flexible tube model (triangles),
where the centroids of the defective and non-defective
cross-sections tend to line-up under load reducing the internal
moment reactions, rome within 10% TW of the plugging criteria only
for defects of very large circumferential extent. Results for an
inflexible tube (squares) come within 10% TW over a broader region
of ci-cumferential extent. Inflexible tube response is less
likely than flexible response.

The results shown ‘n Fig. 2 are all within the proposed plugging
criteria.

Figures 3 and 4 show NSC results for tubes with axial defects.

The normal and upset loads are multiplied by the factors of safety
recommended by Reg. Guide 1.121. The figures indicate that the
proposed plugging criteria bounds the amalytical results. Figures
5 and 6 compare actual burst tests results for INCO 600 with
amalytical prediction. The latter are always conservative when
compared to burst test results,

Except for a small region, these results are not within 10% TW of
the plugging criteria. Where there is a small discrepancy there
is mrgin in the analysis methods to compensate. For example,
using Figures 5 and 6 and equations 5-4 and 5-5 in Ref. 3, the
actual burst pressure by test, is about 22.5% greater than
predicted burst pressure.

The results of the previous fatigue and MSLB amalyses are provided
in (Ref. 1) TR-008., The proposed plugging criteria bounds the
results of these amalyses. In the area of the proposed plugging
criteria, there is at least a margin of 20% TW or greater. (The
margin increases with decreasing length.) Margin of this
magnitude occurs when stable crack growth and not fatigue
resistance are governing.
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ECT Accuracy

ECT accuracy was demonstrated with metallurgical samples using the
recently qualified conversion curve (6), The mean of six data
points (Ref. 6) was 13.4% overcall. The standard deviation was +
16.7%. On this basis, a 3.3% undercall was observed. This is
less than the 20% undercall, on a 50% throughwall indication,
already included in the proposed criteria.

Previously, (Ref, 6), a statistical presentation was made
regarding differences between ECT sizing and metallurgical
results. The approach taken here utilizes percent error of theECT
call with respect to actual flaw size as shown by metallurgical
examination. The approach allows conclusions concerning ECT
overcall or undercall, Previous work discusses accuracy in terms
of per cent throughwall units. That approach gauges error against
the total throughwall dimension. The previous work does not
include an assessment of relative error, as presented above.

In the region of the proposed plugging criteria, the margin
against ECT is at least 10% on throughwall as seen by inspection
of Figure 2 and TR-008 (Ref. 1). These analyses represent
distinctly different solutions but allow the same conservative
conclusions with regard to margin against ECT errce,

DISCUSSION
Application of Plugging Criteria

In a strict sense, the structural model used here was that for a
ID surface flaw. The applicability of the results will be lTimited
to that geometry only. Defects on the 0D surface will be
dispositioned in accordance with the existing Tech Spec repair
criterion,

The ECT sizing accuracy is established for defects on the ID
surface in the free span. Applicability of these structural
results will be limited to these regions.

The structural problem of 0D and ID surface flaws at the same
elevation has not been solved here. Tubes having this type of
defect combination will be dispositioned on a case-by-case basis
in a conservative mnner consistent with the nature of the
degradations involved.

41044
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IGA/IGSAC

Previous work (Ref. 8) provided an explanation of the November,
1984, tube defects., What was proposed was, essentially, that
previously existing IGA/IGSAC was mechanically exercised into ECT
detectability. Additionally (Ref. 9), it was found from pulled
tube specimens that IGA could exist apart from [GSAC,

The structural results discussed above apply to defects whose
origination is from either mechanism. Inability to call IGA
defects would impact only the statistics associated with ECT, If
necessary, the issue of ECT margin will be revisited should there
b: a deficiency in ECT with regard to detection and sizing of IGA
alone.

1. Comparison of the present results with the results from
previous analysis, albeit that methods differed, shows that
they are nearly the same,

This comparison allows the conclusion that fatigue, plastic
collapse and burst concerns are all satisfied. Plastic
collapse and burst are addressed for the first time herein,

2. The previous tube plugging criteria contains margins to
failure equal to or greater than those recommended in

Req. Guide 1,121,

3. The percent error due to undercall based on an assessment of
metallurgical data is less than that assumed in GPUN
structural amlyses.

4. The tube plugging criteria developed here is applicable to
flaws on the inner surface of the tube only. In addition, it
is applicable to the free span portion of the tube only, away
from entrance effects associated tube support plates,

Tubes with defects on the 0D surface will be dispositioned at
40% TW. Tubes with indication of nearby 0D and ID flaws will
be dispositioned on a case-by-case basis in a conservative
manner consistent with the nature of the degradations invalved,




4104d

TDR No. 758
Rev. 0
Page 11 of 11

References

1.

3.

10.

1.

TDR 008 Assessment of TMI-1 Plant Safety for Return to Service
after OTSG Repair, Rev, 3, 8/83,

Regulatory Guide 1.121, Basis for Plugging Degraded PWR Steam
Generator Tubes, 8/70.

J.F. Copeland and T.L. Gerber, Evaluation of GPUN P+anosed
0TSG Tube Plugging Criteria, S.I. Report Mo.: SIR-85-017, May,
1985.

BAW 10146, Determimation of Minimum Pequired Tube Wall
Thickness for 177-FA Once Through Steam Generators.

B.J.L. Narlaston, Some Aspects of Leak-Before-Break; Their
Nuantification and Application, Nuclear Eng'g & Design 84
(1985) 275-232, North-Holland, Amsterdam.

TDR 64?2, Qualification of Conversion Curve for Inner Diameter
Discontinuities, Evaluation of Eddy Current Indicators During
the 1984 Tech., Rev. 2.

Record of Telephone Conversation, R, 0. Barley to S. D.
Leshnoff, OTSG Tubes Plugged Because of Wear on the 0.D.
Surface, 5/7/85.

TOR 638, Rev. 0 Evaluation of Eddy Current Indications
Detected During the 1984 Tech, Spec. Inspection,

TDR 686, Rev, 1, Characterization of IGA in TMI-1 OTSG Tube
Sampi=s,

TOR 288, Rev. 3, Mechanical Integrity Anmalysis of TMI-1 OTSG
Unplucged Tubes.

TDR 421, Rev, 0, Steam Generator Adequacy of Tube Plugging and
Stabilizing Criteria,



OTSG TUBE LOADS

PEIVDO-DLASTIC & DLASTIC-AASTE
.
, PS(W!LASY!L
- b
r3- 0 \8 1.428 (SF e I‘!
L™ ]

18

LR

078G Tubing Elasticity Calculated and Expected Load Displacement

-

0.2

2350F o= ¢

*NSCC For
A/T = 0.4

/
L/CIRE ® 1.0

2% OFFSET,

1002 /1N x 650 In 7
‘—ﬁ_"
e o sas eemas S Smos s BE
[N ) ¥ ] 13 (¥ ] ¥ | 4 8
TUBE DESPLACEVONT ()

Behavior



OTSG TUBE CIRC. CRACKS

NSCC. LOUIVALENGY TO 408 340 DEQ CPACK

10 1 T : ‘—TFK ‘

\

ch = - :——Tf "
'.

o8

.7

§ p
|
a2 e s

Q.1

+ ) - . .
Q.8 e.s 0.4 .6 0.0 1.0

W CIRC.
x J=T,42K8 v NSCC
(NO NEUTRAL

AXIAL SHIFT,
42 xSl

g n8CS.42KH a GI'UN

Net Section Collapse Criterion and J-T Instadility Results
for Circumferential Cracks in Tubes with an Axial Stress
of 42.0 k31 which Permits a 3609, 40% Through the Tube
Wall Creck



'OTSG TUBE AXIAL CRACKS

;: 1:- ' WL 3 x nom:. nns’o MAX. 1L_‘
) .

0.7 -+ o L
o jL--
o8 qr--T-...

HEE
o .

0.0 Q.4 0.8 1.2 1.8 20 2.4
cPack LENEl (M) L GruN

Net Section Collapse Criterion Results for Axial Cracks
{n Tubes at Three Times Normal Operating Stress (36,161 Ksi)




OTSG TUBE AXIAL CRACKS

1,420 X FAULTID STPESS WAX.
- g —-.

L |
AT
T
- —
. - m—
9 08 3 o

T T T 1]
- ot
0.0 0.4 0.0 1.2 1.8 2.0 2.4

o Al PP NTE

Net Section Collapse Criterion Resylts for Axial
Cracks in Tubes at 1,428 Times Faylted Stress (34.068 Ksi)

Fr4. 4



awnst reismet (884)
- -~ M w & e WM e

+ Ny " equation $ I
3 r“f.
920 % W 8 M 79 0 W 1.3 0. GeTec

walivkat DESRADET 108 ($ wilL) equation 5-5)
BAST PRESSUALS FOR 0.628 » 0.034 IN. [DM ROTS

0 WNILLTD ¢

0 W it o\ o,
0 o mar il 4

- Ny equation S+4)

S e "“1“.‘ behavior,
8 10020 30 %W W T 0 N 100 |5 in, defect

WAL DLGRAZATION (5 WALL) (equation §-5)

syesi rodssuns (6%4)
© —- s W oW & w ew

BURST PRESSMIS FOR O 629 = 0.034 I QLIPTIZAL RASTAGE

|

Burst Test Resu'ts (3) and Predictions for Tubes with
Part Through-wai! Defects

F£16. 5



88 AY

¥
0.4 o8 12 1.4 ? .4
PETIAL CRACK LENGTH (INCX)

@ 0.050 inch wall thickness data [11]
__ 0.0%50 inch wall thickness prediction
v 0.030 inch wall thickness data [12]
eee 0.030 inch wall thickness prediction

Comparison of “nry-wall Crack Burst Test Data with
Predicted Seravior

"
TR
o



w TORNO. _ 038 REVISION NO. __|
BUDGET .
TECHNICAL DATA REPORT ACTIVITY NO, 123125 PAGE _l ___oF _30

APPENDIX B

IPROJECT:

TMI-1 OTSG REPAIRS

thgineering & vesign
DEPARTMENT /SECTION Materisls tngra/Failure inal.

RELEASE DATE 10/21 85 REVISION DATE

DOCUMENT TITLE: ¢,,) at10n of Eddy Current Indicat

1ons Detected
.

DATE

ro sk )"
/0-38-2¢

—te

DATE

Wl

Does this TOR include recommendation(s)? CJYes ENo If yes, TFWR/TR #

e | DISTRIBUTION

ABSTRACT
In order to identify the cause of the eddy current

. Barley

. Bowman

O O

. Capodanno

. Colitz

(S8

. Croneberger

Elam

-

. Kazanas

. McGoey

m L O O = ( v o O

on

w

anie' 8
« W1l

Br

- W W L O

ughton

o
o]

indications detected during the TMI-l OTSG tube examination
beginning in November 1984, Materials Engineering/Failure
Analysis performed an in-depth review of the eddy current
results and plant operating/chemistry history since the OTSG's
bere first filled after the kinetic expansion repairs.

Two possible causes for the eddy current indications were
valuated: corrosion, either continuing or newly initiated, and
nhanced eddy current detectabi..ty of existing i~tergranular
ttack (IGA or intergranular str2ss assisted cracks (IGSAC).
uring unit layup, GPUN Layup s;+ .fications were followed.
ome out of specification periou. did occur; however. they were
romptly corrected and were not of sufficient magnifude to have
aused corrosion. Additional corrosion-preventive conditions
ere also maintained during layup.

During hot operations, system chemistry conditions were
intained within specifications that industry experience and
MI-1 tube testing have shown are non-corrosive.

The most likely reason for having eddy current indications
t this time was enhanced detectability of pre-existing areas of
CA/IGSAC. As a result of thermally induced strains and
ydraulic forces during hot functional testing, grains could
all out or grain boundaries could separate within pre-existing
GA, resulting in greater local disturbance of the eddy currents
‘ind a correspondingly higher signal to noise ratio.

|

!| Additional plant data from leak rate observations and tne
iberscope examination of a sample of tubes also support the

mechanical damage scenario. No leaks have been identified in

lkhe tube free span since 1383, In the region of 1984 eddy
urrent indications, patch-like indications suggestive of ICA
ere seen by the fiberscope examination.

° AGE ONLY
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Introduction

In accordance with the requirements of Technical Specification
4.19, eddy current testing of the OTSG tubing at TMI-1 was begun in
November 1984. Initial testing with the 0.540" high gain standard
differential probe method revealed previously unreported indications in
the unexpanded portions of the OTSG tubes between the tube sheets.

Two possible causes for the eddy current indications were
identified and evaluated; first, whether corrosion of the OTSG tubes
caused either new defects or growth of existing defects and second,
whether straining of existing defects caused them to become more
detectable by eddy current. Since the original 100% baseline inspection
of the OTSG tubes in 1982, the tubes have been subjected to mechanical
loading during the kinetic expansion and thermal and hydraulic loads
during the two hot functional tests.

In order to attempt to determine the cause of these indications,
the Materials Engineering/Failure Analysis group reviewed 1) the
historical eddy current data and 2) plant operational and chemistry data
since the OTSG's were filled after the kinetic expansion repair of the

tubes.

Based on the results of this review, the cause of the indications
is discussed. Data supporting the conclusion are also included.
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Background

As defined by Technical specification 4.19, GPUN conducted eddy
current examinations of both steam generators at TMI Ynit l. Performance
of this examination ultimately resulted in 1002 of the tubes in A-OTSG
and all tubes in the outer 1§ tube periphery of the B-OTSG being examined.

The B-OTSG had only a limited number of indications with an
indicated through-wall extent greater than 40%. Due to the limited
aumber of B-OTSG indications, statistically-based analysis is not
feasible. All these indications, however, are located near the outer
periphery of the B-OTSC.

The following generalizations about the EC indications can be drawn
from the A-OTSG results:

1. They are primarily located in the upper tube sheet and l6th
tube span area.

2. They are concentrated in the outer periphery, but some
indications occur across the entire OTSG.

3. Approximately 78% of the indications are less than 50% through
wall.

4. They generally exhibit voltages in the 0.5-2 v. range.
3 Except for two indications, the number of 8 X 1 absolute eddy

current coils producing a signal from a defect is 2 or less,
indicating a small circumferential extent.

044 2L
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Evaluation of Eddy Current Results

Note: This section uses the eddy current data base as of Jan. 3, 1985.

GPUN conducted » qualified full-length, eddy current examination
program on all tubes t.om both generators during July to November 1982.
The purpose of this program was to screen out all relevant indications
and establish a 6" qualified length in the kinetically expanded zone
immediately above the new transition zone which was essencially
indication free. It was further established that small defects below the
threshold of detection could exist. Reference | identifies the maximum
size of these small defects which could possibly go undetectea.

Prior to the expansion, a l00-tube sample of tubes in each
generator was eddy current tested periodically to check for indication
changes. These tests were performed on seven occasions over a 7 month

period. No growth was observed.

Post-Baseline Growth Studies

In-Process Testing

During and following the kinetic expansion repair, a total of
437 tubes were inspected in both the A and B generators (Ref 2, 3).
A total of 15 tubes (3.53%) with indications were found that had not
been detected by our ECT inspection program prior to the repair.
An evaluation was performed on why these indications were not
identified previously (Ref. 3). It was concluded that:

1) The recent indications were not initiated by the kinetic
expansion process nor was there any evidence of ductile
propagation of existing indications.

2) The defects were small (threshold) type indications that had
been either masked by the high background noise levels in the
upper tube regions or were sufficiently tignt that the volume
of lost metal was not detectable. Kinetic expansion may have
altered these areas of IGA/IGSAC to make them more detectable
by causing additional grain boundary separation.

Confirmation on the small size of the indications was established
by the visual examination using fiber-optics. Some of the
indications appeared to be small pits.
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Additional confirmation was obtained that kinetic expansion
would not cause ductile tearing by using test mock-ups and
metallurgical examination (Ref. 2). Small intergranular stress
assisted (IGSAC) cracks were examined using eddy current techniques
pefore and after kinetic expansions. Expansion caused the cracks
to become non-detectable by .540" S.D. techniques. However, the
cracks remained visible to the 8 X 1 absolute technique with
essentially no change in signal. These specimen tubes were
subsequently removed from the test block and metal lurgical
examination did not reveal ductile tearing or generation of new
indications.

ISI Indications

During OTSG repairs, a subset of tubes (28 1n A-OTSG, 56 in
B-OTSG) was identified as having eddy current indications that did
not require plugging. That is, the indications were less than 40%
through wall, not in the lane/lane wedge area, and below the 15th
tube support plate. This group of tubes (designated as "ISI" tubes
by GPUN) was fully characterized and listed for eddy current
inspection in the future as a distinct subset.

The "ISI" tubes were re-examined in April/May 1983. No growth
of the existing indications was detected.

As part of the eddy current campaign which started in October
1984, all 84 of the "ISI" tubes have been retested. No growth in
the ISI subset was detected. (Growth is identified as a
substantial increase in the through wall percentage, combined with
an increase in voltage and/or circumferential extent.)

June 1984 Testing

During June 1984, 67 tubes 1in B-0TSGC and 3 tubes in A-OTSC
were eddy current tested. This set of tubes was retested in
November 1984 - no new indications were detected for the two
retests performed.

100 Tube Sample November 1984

Since discovery of the additional indicatious in November
1984, a second 100 tube sample with indications has been
re-examined at approximate two week intervals., As of December 18,
1984, no growth and no new indications have been detected for the
two retests f ~formed.
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1984 Technical Specification Required Testing

In November 1984, eddy current testing required by T™MI-1 Technical
Specification 4.19 was conducted as specified. 3% of the tubes in each
generator were initially examined. This examination included tubes
randomly selected across the entire generator plus a concentrated
examination in the periphery of each generator. The more extensive
examination in the periphery was performed because this was the region of
highest previous (1981) damage .

As a result of this initial examination, OTSG A was classified as
category "C-3" per technical specification and OTSG B was classified as
category "C-2". Subsequently the entire A-OTSC was inspected while the
B-0TSG inspection was complete after the entire l6-tube peiiphery,
approximately 6500 tubes, had been examined.

The number of indications is much higher in A-OTSG than B-0TSG. In
A-OTSG, 2.0% of the tubes (299 out of approximately 14589) have
indications greater than 40% through wall, while in B-OTSG, 0.5% (33 out
of approximately 6576) have such indications.

Spatial Distribution

The indications with greater than 40% through wall depth are
concentrated toward the outer periphery and top of A-OTSG. In the
outer periphery, the percentage of tubes with greater than 402
through wall indications is higher than the 2.0% average, while
inside the outer support rods the percentage of indications is
below 1%. 71% of the indications are located above the L5th tube
support plate (TSP).

Characterization of Indications

To understand the nature of the defects better, we
characterized the indications reported back in the 1981-1982 time
frame and compared them to the indications discovered today.

The axial and radial locations of indications in A-OTSG are
essentially the same in 1984 as in 1982, if one does not consider
the 1982 indications in the kinetically expanded region in the 1984
evaluation.

0442L
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Table 1 characterizes the 1982 and 1984 eddy current signals.
The 1984 eddy current indications exhibit a similar type of signal
response as the previous test program. Details of the differences
in responses are noted below:

1) Reported voltages are essentially the same. This indicates
that the 1984 indications present a similar volume for the
eddy current probe to detect as the 1982 IGSAC.

2) Both through wall penetration and number of coils is
significantly lower in 1984. Thus, the 1984 indications
extend a shorter distance both into and around the OTSG tube.

Statistical analysis of the eddy current data reveals that 78% of
the observed indications are less than 502 through wall and 902 are
.194" or less in circumferential extent.

Do.raded Tubes

Per GPUN procedure, tubes with indications reported between 20
and 40% through wall were not required to be plugged if the tubes
were not in the lane or lane wedge and the indication was below the
15th tube support plate. At the completion of the 1982 kinetic
expansion repairs, a total of 15 A-OTSG tubes and 51 B-OTSG tubes
were classified as "degraded" and were included in the ISI group.
As of January &, 1985, 347 additional A-OTSG tubes and 98
additional B-OTSG tubes are classed as degraded.
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Table 1

Comparison of 1982 and 1984 Eddy Current Data

a) Reported Voltage - X of indications reported

A-0TSG B-OTSG
Voltage 1982 1984 1982 1984
L1 34 40 24 27

1 44 35 30 21
2 16 20 25 29
3 A 4 10 12
-3 2 | 11 11
b) Reported through wall penetration - % of indications
A~OTSG B-0TSG
: T.¥. 1982 1984 1982 1984
< 20 <1 <1 12
20-40 3 61 28 75
40-60 21 25 24 18
60-80 17 10 15 5
7 80 59 4 21 2
c) Number of coils on 8 x 1 examination - X of calls
A-OTSG B~0TSG
Coils 1982 1984 1982 1984
1 20 30 18 80
2 26 10 24 20
3 16 <l 15 &l
>3 38 <l 43 PR

NOTE: 1982 data includes inspection of original tube roll transition area.
The 1984 data does not include inspection from the top of tube sheet
to the bottom of the kinetically expanded region. See TDR 652 for
complete summary of eddy current indications (Ref. 17).
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Chemistry Specifications

Corrosion Experience with Inconel 600

Three types of primary-side initiated attack have been identified
in Inconel 600. Im recirculating steam generators using mill-annealed
tubes that have not been stress-relieved after U-bending, sfress
corrosion cracking (SCC) has initiated from the primary side in the
highly stressed bend areas. Also in mill-annealed tubes ir recirculating
steam genazrators, SCC has been found to initiate from the  rimary side at
highly stressed transition areas in the lower tubesheet. Laboratory
studies have shown that the stress relieved Inconel tubing used in OTSG's
is significantly more resistant to SCC than the mill annea.ed type.

The other primary side attack of Inconel 600 that has occurred in
steam generators iLs the intergranular stress assisted cracking (IGSAC)
caused by reduced sulfur species on sensitized OTSG tubing. This is the
mechanism which caused the TMI-1 OTSG leakage in 1981. This mechanism
requires sensitized tubing, low temperatures, oxygen, and significant
levels of reduced sulfur species.

Corrosion Test Results

As part of the overall program to evaluate the most recent eddy
current testing results, we have reviewed the resu'ts of corrosion tests
performed as part of the original failure analysis and OTSG
requalification programs. These data provided a partial basis upon which
we could evaluate the layup and test conditions to which the steam
generators had been subjected.

Long Term Corrosion Test (LTCT)

The primary purpose of the long term corrosion tests was to
verify that the proposed operating chemistry specifications are
satisfactory to prevent corrosive attack of the OTSG tubes. To
this end, chemistry conditions for the testing were established at
the maximum allowable values consistent with the upgraded TMI-1
operating specification (Ref. 4). The LICT was conducted using
actual TMI-l tubing. Temperarures, tube loads, and heatup and
cooldown rates were representative of actual plant operating
conditions.

In addition, as the LTCT was actually performed, specific
factors which parallel actual plant layup conditions were
experienced. The tubes were held in a cold, aerated condition for
several days after the completion of each operating cycle.

Aeration was done after cooldown. Before heatups, or while waiting
for other autoclaves in the test program to be ready for operation,
the test loops were operated in a cold, deaerated, circulating

mode. Because eddy current examinations were done after each test

cycle, the tubes had to be removed from the autoclaves and
drained. Thus, drained aerated layup conditions were also inc luded.

0442L
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Table 2 summarizes LTCT operational times in each mode. All
loops speat significant time under draincd, cold deaerated, and
aerated conditions.

Review of the chemistry history of the LTCT's revealed that
the conditions were comparable to the plant's experience. The LICT
specification (Ref 5) for sulfate and chlorides was 0.100 ppm +
.050 ppm. Actual analysis results (Ref. 6, 7, 8) revealed that the
concentrations of these species were maintained at or slightly
above the .150 ppm upper limit. The actual values measured in
these tests bound any of the contaminant “spikes" reported in the
Chemistry and Operational History Review.

C-ring tube samples from archive tubing (tubing never
installed in the TMI-1 OTSG's, which was included as a control
sample) showed no evidence of cracking, pitting or general
corrosion both before and after the LICT.

Data presented from the LICT show, that of a total of 54 "C"
ring samples tested and evaluated, 46 had no visible defects, 3 had
very short circumferential cracks when strained severely, 3 had ICA
patches greater than 20% but less than 40% through wall (Table 7)
and 2 had IGA patches less than 20% through wall.

Five full tube samples were examined after the LTCT. In
addition to previously reported defects, four samples exhibited
scattered, shallow cracking or IGA which were not sized
metallographically and therefore a determination could not be made
as to their detectability by eddy current testing.

I1GA which was metallographically evaluated was consistent in
size and shape with IGA that had been seen during the failure
analysis (Ref. 9). Therefore, the observed ICA on these four tubes
was judged to have been present at the start of the LTCT. And as
stated above, the control samples showed no IGA/IGSAC.

Results of metallographic examination of the LTCT samples
(Ref. 8) confirmed that normal operations would not cause corrosion
of TMI-1 OTSG tubing.
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Short Term Test Results

Several sets of tests were previously run on Inconel 600
tubing to establish corrosion resistance under various conditions
representative of T™I-1 service. Those results which apply to the
period of this review are summarized below:

1) Screening work on actual TMI-l removed tubes and archive
tubes (Ref. 10) identified that at oxidizing potentials,
1 ppm of thiosulfate was required to cause IGSAC.
Sulfate levels as high as 10 ppm did not cause IGSAC.

2) Simulation of hot functional testing and cooldown (Ref.
11) utilizing thiosulfate contamination and actual
operating temperatures and times revealed that 1 ppm of
thiosulfate caused I[GSAC.

These short term tests thus confirmed that in the absence of
thiosulfate contamination, no short term attack of OTSG tubes is
expected.

Bulk vs. Surface Effects

The above corrosion tests were performed using actual TMI-1l OTSG
tubing. The surface film condition was therefore representative of that
in the plant. Chemistry coatrol in both corrosion testing and actual
operation 1s done by the measurement and control of species of interest
in the bulk fluid.

Since both surface conditions and chemistry control were identical
between the laboratory tests and plant operations, the results of the
corrosion tests can be directly applied to the plant environment, and,
conversely, plant bulk chemistry data can be used to evaluate the
propensity for corrosion.

TMI-1 Chemistry Guidelines

Hot Oggrationo

After sul fur was identified as the causative agent of the 1981
IGSAC, hot operational guidelines (Ref. 4) were reviewed to ensure
that adequate corrosion protection was maintained. As a result of
this review, two changes were made to provide increased margins
against corrosive attack.

First, a requirement was added that primary system sulfate be
maintained below 0.100 ppm. Sulfate at this level does not cause
corrosive attack of Inconel 600 in primacy coolant, and maintaining
sulfate below this level provided assuraice that intermediate
sul fur species could not exist at harmful concentrations.

Second, the lower limit on lithium concentration was increased
to 1.0 ppm, to take advantages of lithium's inhibiting effect on
sul fur-induced IGSAC in Inconel 600 (Ref. 12).
0442L



0442L

TDR 638
Rev. 1
Page 15 of 50

The net result of these changes is to ensure that total sulfur
species concentrations are a factor of 10 below the level at which
corrosive attack might occur. At the same time, the minimum Li/$
ratio will be 30 (or Li/S04 of 10), which is a factor of 3 over the
recommended (Ref. 12) ratio of 10 for inhibition of IGSAC
initiation.

Layup

For cold layup conditions, guidelines have been established to
maintain as many protective conditions as feasible. The individual
protective conditions that are feasible for the TMI-1 RCS are:

1) Elevated pH - during layup, pH has been elevated, using
ammonia, to at least 7.2. The normal pH without ammonia
i' 5-6 - 6:5.

7 Control of contaminants - The )jrimary wvater contaminants
of concern are chlorides and sulfates. Chlorides have
traditionally been limited to less than 0.100 ppm during
operation; we have maintained this level as a general
guideline during layup. The sulfate level of less than
0.100 ppm used during hot operation also applies to layup.

3) Control of oxygen level - When the system is filled and
able to be pressurized, the oxygen level is to be
maintained below 0.1 ppm. For cases where the primary
system is open and oxygen canncc be excluded, air
saturated conditions are specified as this is more
protective than sowe intermediate oxygen level.

4) Control of OTSG level - One of the contributing factors
to the 1981 IGSAC incident was the existence of a water
line on the primary side of the OTSG tubes. For layup of
the OTSG's, wherever possible, no static waterline shall
be allowed to exist in the OTSG tubes. Either the water
level should be above the upper tubesheet or the OTSG
primary side should be fully drained.

5) Iaventory Turnover - Periodic replenishing of the OTSC
contents will assure thac local buildup of coataminants
will not occur. Layup guidelines have included
provisions for periodically turning over the water
inveatory on the OTSG primary side to meet this objective.
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TABLE 2

Summary of Operations for Long Term Corrosion Tests

Operating Days
Cold Circulating Drained
Deaerated Aerated Layup (Note 1) Comments

52 28 132
69 27 157 Thiosulfate loop
42 23 58

40 22 61

l. Does not include drained layup between completion of operational
cycles and start of metallographic examination.
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Chemistry and Operating History Review

Data Base

The chemistry and operating history data were obtained from two
sources. First, the on-site Plaat Analysis group reviewed operational
records to identify plant conditions during this time period (Ref. 13).
Then, we retrieved the primary plant chemistry parameters of interest
from the GPUN computerized chemistry data base.

The major plant activities that occurred between May 1983 and
October 1384 are listed in Table 3. Within each of these periods, we
identified different plant conditions of RCS level, temperature,
pressure, circ. lation, and pH. Then, we reviewed the chemistry data for
each time perioe

Chemistry data selected to be of interest with respect to corrosion
were pH, oxygen, lithium, sulfate and chloride. As an additional check
on the effectiveness of chemistry controls, we calculated the lithium to
sulfur ratio for each operating period. In cases where simultaneous
analyses for lithium and sulfate exist, we calculated the Li/S ratio for
each data point.

The data from the operational and chemistry investigations are
plotted as a function of time in Appendix A.

Results of Operational/Chemistry Review

During both hot shutdown and cold layup conditions, TMI-1 has
maintained conditions within chemistry guidelines for about 951 of the
time. For short time periods, some deviations have occurred which are
discussed in the balance of this section.

Chloride and Sulfate

There have been short time periods where chlorides and/or
sulfates have exceeded specified limits. 1In all instances
chemistry data reflect that corrective actions were appropriately
and promptly taken to return the concentrations of these species to
specified levels. Collectively, these out-of-specification periods
can best be described as normal chemistry "spikes".

0442L
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Oxygen

In preparation for both the September 1983 and May 1984 hot
functional tests, it was necessary for the RCS to be taken froam a
layup to an operating mode. During this tramsition, oxygen levels
were higher than desired for optimum protection, but other factors
made it very unlikely that ccrrosion occurred. First, chloride and
sulfate concentrations were controlled to acceptably low levels.
Second, the lithium level was maintained such that the minimum
lithium to sulfur ratio was 66; the recommended minimum value for
protection against IGSAC is 10 (Ref. 12). Chemistry control .uring
these periods is summarized in Table 4.

Other Operational Considerations

During the Integrated Leak Rate Test (ILRT) in April 1984, the
primary side water level was maintained at about the l2th tube support
plate for 8 days. This condition was both preceded and followed by
drained layup with elevated pH, aerated water. Both sulfate and chloride
levels remained within specification. Therefore, no 0TSG tube corrosion
was expected.

In August 1983 and May 1984 oxygenated water was injected into
deoxygenated RCS during HPI testing. Most of these tests were conducted
prior to the high temperature portion of the hot functional tests, and
the oxygen introduced would have been consumed by hydrazine and/or
hydrogen added for that purpose. One test was conducted on May 26, 1984,
at the end of HFT and may be postulated to have injected 5000-6000
gallons of oxygen-saturated water. During this time period, however, the
lithium to sulfur ratio was greater than 30 which was more than adequate
to inhibit corrosion during this test.

0442L



0442L

TDR 638
Rev. 1
Page 19 of 50

Major Plant Evolutions, 5/83 to 10/24

Event

Fill & Bubble Test
Peroxide Clean

Hot Functional Test
Circulating Wet Layup
DH-V1 Repair

Circulating Wet Layup
RC-P1B Repair

Integrated Leak Rate Test
Hot Functional Test
Non-Circulating Wet Layup
Tube Plug Rerolling and

Bubble Testing

Duration

June 198)

July 1983

Aug - Oct 1983

Oct - Nov 1983

Nov 1983

Nov 1983 - Jan 1984
Feb - April 1984
April 1984

May 1984

May - June 1984

June - Oct 1984
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TABLE &

Chemistry Summary Before Hot Functional Testing

Oxygen, Li, S04, Ccl
Period Days ppm ppm ppm ppm
‘,'3 29 003 062-1096 0067‘1079 005'1156
5/84 19 .075-2.2 1.06-2.17 L02-.047 .05-.110

0442L

Li/S
Ratio

66-123

127-240



TDR 638
Rev. 1
Page 21 of 50

In-Plant Observations

Leak Testing

Since completion of the kinetic expansion repairs, several leak
tests have been performed to measure primary-to-secondary leakrates and
identify individual leaking tubes. These tests are summarized in Table 5.

No pattern of tube leakage can be seen. After the cooldown tests
included in hot functional testing some increase in leakage was seen.
Further investigation showed that this leakage was the result of leaks
through a small number of tubes. These leaks were located in the
expanded region within the upper tube sheet and were repaired by
mechanically rolling a portion of the expanded area.

0f greatest significance 1is that since 1983 no tube which is in
service has had a leak in an unexpanded portion of the tube. All leaks
have either been due to bypass leaks in the expanded area or leaking
plugs.

Fiberscope inspection Jf Selected Tubes

A fiberscope inspection was performed (Ref. 14) of six A-OTSG tubes
which exhibited typical eddy current indications. During the inspection
features were observed on &4 out of 6 tubes at the same elevation as the
eddy current indications.

The visual features were "patchlike"” rounded areas having an outer
ring which was darker than the general tube surface and slightly
reflective components in the interior. The patches were between 0.020
and 0.060" in diameter.

The patches appeared similar to surface deposits seen during the

initial tube failure analysis. These earlier deposits were found to be
associated with partial through wall intergranular attack.

0442L



Month/Year Test Type
May 1983 Drap

June 1983 Bubble/Drip
Sept 1983 Kr-85 Tracer
May 1984

June 1984 Bubble/Drip
Oct. 1984 Bubble/Drip

TABLE 5

Leak Tests in OTSG's Since 5/01/83

Reason For Test

Test of Kinetic

Expansion

Final Test of
Kinetic Expansion

Establish Baseline

Leak Rate

Measure Baseline
Leak Rate

Identi1fy Leaking
Tube(s)

Test Rolled
Repairs

Results

2 Leaking Tubes,
8 Leaking Rolled Plugs
10 Leaking Explosive Plugs

Small Number of Slightly
Leaking Tubes and Plugs
in A OTSC - | Leaking
welded plug

Baseline Leak Rate
1 gph

Slight Increase 1in
Leak Rate

4-5 Leaking Tubes in
B-0TSC

6 Rolled Plugs Missing

Small Number of Leaking
Tubes, one welded plug

Note: No leaks seea in final October 1984 Bubble Test, after tube rolling.

TDR 638
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Repairs

Plugs Installed/Rerolled

Repaired welded piug

None Required

None Required

Plug 3 tubes
w/welded plugs

Reroll all W piugs
Replugged tubes.

Roll 8 Tubes
Reweld Plug
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Discussica
General

Removal of sodium thiosulfate from the TNI-l site anda tighter
operational chemistry controls implemented since 1981 have made it highly
un!ikely that the conditiens to cause sulfur-induced ICA/IGSAC could be
recreated. The steam generator layup guidelines are specifically des.gned
to protect the steam generators from additional corrosion 2nd are more
stringent than B&W's gener:ic recommendstions, par ‘cularly in the areas of
contaminant control and the use of elevatec pH duriag cold layup.

Industry experience on B&W PWR's also does noc reveal sny otner
primary-side initiated attack mechanisms on lLaconel OTSG cubing.

TMI-1l compliance with operating and layup specifications has been
excellent. Transient out-of-specification conditions, which were
identified during plant opeiation, have been infrsjuent and corrected
promptly by the plant operators. Plain:c conditions have always been
bounded by those which were evaluated during corrcsion testing and found
to be satisfactory.

The only period of possible vulnerability to corrosion wiuld have
existed during the time when the CTSG's were drained for the kinetic
expansion repair. During this period sulfur woull neve remained 1n the
oxide film on the tube surfaces as peroxide ciearing had not yet heen
performed. During this time, however,K eddy current testing done on the
100 tube surveillance sample did not reveal any growth of existing
indications or any new indications. Thus while the oxide film nay have
contained sulfur during this time, there is ro evidence that corrosion
continued.

Under mechanical loadings induced by kinetic expansion or cooldown,
areas of IGA/IGSAC could become more detectable hy eddy current through
several mechanisms:

1) creation of a linear grain boundary separation within the IGA
islands as was seen in the LTCT (Ref. 8). This could produce a
crack-like indication, or increase the overall grain boundary
volume of the IGA patch. In addition, mechanical working can
also produce increased grain boundary separation of 1GSAC.

2) disconnected grains dropping out and leaving p'ts.
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Two additional pieces of data from Ref. 16 lend support to the
mechanical scenario. First, peripheral tubes consistently see higher
loads than core tubes. Therefore, in the periphery, the highest stresses
would also act on this IGA/IGSAC. Second, the A-OTSC cooled down more
quickly than the B unit. The peak load during the most rapid cooldown
(Ref. 16) was 200 lb. in the A-OTSG, 12% higher than in B-OTSG. Figure 1
is a representation of how the A-OTSG would have had significantly more
tubes carrying loads high enough to cause 1GA/IGSAC to become more
detectable.

A previous study (Ref. 15) on crack opening displacement of archive
tubes with approximately .5" long through-wall cracks found that loads
between 1500 and 2000 lbs. would induce permanent displacements in the
vicinity of the cracks. Loads less than this would induce only elastic
displacements with a load of 1000 lbs. producing an elastic displacement
of approximately .002". Although tubes with cracks of this size are no
longer in-service with the steam generators, this study does point out
that one can expect local straining in the vicinity of smaller defects,
put that it would be of proportionately lesser magnitude.

During the 1983 HFT, the most rapid cooldown was calculated to have
induced loads in the tubing of between 1600 and 1700 lbs. (Ref. 16). It
is such loads acting on the regions of IGA/IGSAC which we believe leads
to grain dropping or grain boundary separation.

Detectability of Indications by Eddy Current

It should be noted that the primary defects of concern for OTSG
tube integrity (i.e. tube rupture) are circumferential cracks. The
production of 0.540" standard differential eddy current technique 18
optimized and qualified for this type of defect. However, it can also be
used for detecting different defect geometries as discussed below.

The 1984 tube ID indications as detected by eddy current and as
seen during the fiberscope inspection had significantly different
characteristics than the IGSAC responsible for the 1981 tube leakage.

The 1981 IGSAC consisted of tight, circumferential cracks that penetrated
completely through the wall. The 1984 IGA as observed by fiberscopic
examination appears rounded and does not completely penetrate the tube
wall.

The different geometry will have a direct effect on detectability.
The current .540" S.D. eddy current technique was optimized for the IGSAC
geometry; therefore, a different geometry will have a different
detectability., The balance of this section of this report will discuss
changes in sensitivity due o changes in indication geometry.
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Figure 2 (Figure 2 from Reference 2) shows the measured sensitivity
of the .540" S.D. technique in the range of short circumferentially
oriented defects. The shaded region in Fig. 2 identifies the range based
on eddy current indicstion sizing in which 902 of the 1984 indications
fall. It can be seen that the eddy current calls span the 0.3 volt
detectability limit. (NOTE: Circumferential length is based on the
number of 8X1 coils giving a signal and not an actual defect
measurement.) Thus only slight changes in indication geometry could
cause a particular indication to become detectable assuming the defects
lie close to the detectability line.

In Figure Ja and 3b, we have taken the eddy current data and visual
observations from the fiberscope inspection (shown in Table 6) and
indicated where the indications would be in relationship to the
calibration curves. The tubes for fibrescope inspection were chosen to
be representative of the types of indications being found in 1984,

All of the below-UTS indications (Figure 3b) are close to the 0.3 v
detectability limits; the within-UTS indications (Figure 3a) do not fall
into the detectable range. Therefore, it is reasonable that before
mechanical loading these indications may not have been detectable.
Mechanical loading, as discussed in the previous section, can alter
IGA/IGSAC geometry.

The large increase in the number of degraded tubes in A-OTSG and
B-OTSG is also consistent with the scenario of pre-existing IGA/IGSAC
becoming more detectable. IGA/IGSAC of 20-40% through wall extent could
be estimated to have a length of about ,015-.030 inches; this is below
the 300 mV sensitivity for free-span detection (Figure 2). The inability
to detect these small regions of IGA/IGSAC below the level of
detectability was further confirmed by evaluations which took place
during the Long Term Corrosion Test Program. This program identified
four patches of IGA which also were not detected (Table 7) by eddy
current examination.
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"A" - OTSG
Tube Elevatlion
124 US+5.4
Us+4
Us+5.8
119 Us+2.4
US+5.5
129 15427.6
15424.5
123 15421.6
15426
15+24.7
128 us-2.6
us-1.5
126 1.5-"16.2/!5-6.5

g EC Results
.s‘o s.'.

X T.M. Volts Volte Colle
98 1.6 1.6 2
97 33 0.8 2
[ $ P 20‘ l-l z

3 |
2.3 1.1 2
. 1.7 0.5 1
92 1.) 0.3 1-2
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Table 6 - Oomparison of Preliminary Bddy Qurrent Data and Fiberscope Results

Vigsual Obeservations

Rounded indications - possible IGA

Axial sligoment of 3 rovaded indications
Small dark spot whes scecalag w/90° head

Rounded indications - possible ICA

]

Ssall dark spot - no detall visible

Ar‘ally oriented rounded fodications
Small single rounded indication



Tube

A-24-94

A-24-94

A-24-94

A-13-63

Note (1):

(2):

9

19

These

TABLE 7

IGA 20Z% T.W. in Samples Removed From the LTCT

Not Detected by Eddy Current

IGA Location
With Respect

Rev.
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to Top of = 1GA Size
Section Upper Tubesheet Circum. Depth
/16" - 30 13/16" 28" Lu30" .010"
S/1e" - 25 1/16"™ 26" 035" 009"
S/16™ - 25 1/1e" 3 o 006" . 008"
1" - 18 15/16" 12.5% 020" 013"

samples were exposed to thiosulfate contaminant during the LICT.

This sample was exposed to sulfate contaminant during the LTCT.

C-rang (1)
C-ring (1)
C-ring (2)

Tube (1)
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Conclusions

The T™I-1 layup guidelines are adequate to prevent any
identified mechanisms for primary side initiated corrosion of
Inconel 600 OTSG tubes.

The TMI-l layup guidelines have been adhered to since
completion of the kinetic expansion repair. Minor deviations
have been corrected promptly.

Vulnerability to corrosion may have existed during the period
when the OTSG's were drained for repair prior to peroxide
cleaning. However, eddy current data and the absence of OTSGC
leakage during this time period do not show evidence of
corrosion of OTSG tubes.

Results of both GPUN-sponsored and industry corrosion test
programs confirm that corrosion would not be expected during
TMI-1 operations since May 1983.

Results of eddy current tests since 1982 do not indicate any
trends of indication growth of pre-existing indications.

Leak rate testing and OTSG bubble testing do not indicate any
increases in leakage or new leaks in the tube free span.

The eddy current data and visual observations are consistent
with a mechanism where previously existing areas of IGA/IGSAC
are made mcre detectable by mechanical loading during kinetic
expansion and thermal and hydraulic loading during cooldown
from HFT.
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APPENDIX A
"MI-1 CHEMISTRY DATA

MAY 1, 1983 to OCTOBER 26, 1984

Contents

Table Al - Chemistry Guidelines Applied to T™MI-1
5/1/83 te 10/26/84

Figure Al-1 - Al-7 - Chemistry Data for TMI-1
5/1/83 to 12/26/84
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Table Al

CHEMISTRY GUIDELINES APPLIED TO T™MI-l

Operating Wet
Mode Layup
OTSG Primary
Level Full
Maximum

Chloride, ppm 0.1

Maximum

Sulfate, ppm 0.1
Maximum

Oxygen, ppm 0.1

pH greater than 7.2
Li,ppm 1.0-2.0
Minimum

Li/S ratio 10
Notes:

1. Limits are for bulk RCS - no water in OTSG's at this time.

2. Sulfate and oxygen were monitor:d but no limit was applied.

0442L

5/1/83 to 10/26/84

Drained Hot Shutdown
Layup (Hot Functional Testing)

Drained Full
o'l 0.1
0.1 0.1
N/A 0.1

6-6-805 1‘-6’8-5
1-0'2.0 1-0-2-0
10 10

Peroxide

c1ocnin!

Full

0.2

Note 2

Noie 2

8.0-8.5

1.8-2.5

N/A
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The results of the 1984 eddy current examination performed on
the T™I-1 steam generator tubing had idencified 328 tubes with
confirmed indications of > 40% through wall penetration. These
indications were nct identified in previous eddy current examin-
ations performed prior to mechenical thermal and hydraulic load-
ing evolutions which took place in the steam generators.

Technical Approach
Knowing the locations of the 1984 confirmed indications, a re-
view of the 1983 and 1982 examinations has confirmed the earlier
presence for a majority of these indications. A characteriza-
tion of the 1984 indications by defect location, signal ampli-
tude, percent through wall and circumferential extent was per-
formed and compared to the 1982 examination results. A growth
sample study on a random selection of tubes was performed after
the detection of the 1984 indications in order tc determine if
evidence of an active mechanism was occurring.

Findings
It was observed that the 1984 indications we.e located in the
same affected axial and radial areas previously identified dur-
ing the 1982 examination. The 1984 indications were predominate
shorter in circumferential extent. The review of 1984, 1983
and 1982 examination results revealed that the percent through
vall determination showed no trend of continued through wall
growth. 90% of the new indications were of size at or near
the threshold of GPUN standard differential technique sensitivit
of detection. The results of the growth sample study showed
no evidence of an active mechanism occurring during the period
of observation.

Conclusic.
The 1984 examination identified indications that were already
present in the tubes in 1982 but because of their weak signal
amplitude were masked by background noise. The mechanical,
thermal and hydraulic loads imposed on the OTSG since 1982

examination may have enhanced the eddy currrent detection of
small indications by increasing the signal amplitude but with-

out evidence of increase to percent through wall.
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SUMMARY

During tne 1984 Technical Specification required eddy current examination,

performed on the once through steam generator tubing at TMI Unit 1, a numger
of new relevant indications were detected 'n the "A" and "B" steam generator
tubes. These new indications were not detected back in November 1982 when a

full length eady current examination was conducted on all the ingservice A"

and "B" steam generatcr tubes OQuring both inspection periods the same eacy

current examination technique was employed

Since the 1982 eddy current examination dOth steam generators had undergone
mechanical loading due to kinetic expansion tube repair ang thermal/hydraylic

loading due to two hot functional tests

GPUN first determined that a new corrosion mechanism was not active

dgetermined through repeat eQdy current examinations

AR
-.u’ - -

tubes in 1984 after | i tion of the new

that no growth Or change

periogd s-udled.

The 1984 indications were characterized as ¢ ize, | ion, ) angd
compared to the 1982 examination ‘ : that the '384
cations are a smaller agditional s those dete-ted in 1982 examira-

tion The percent through wa') circumferential extent for 3C% of tne

e 2
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1984 indications are of a size that approximates the tnreshold of detection
for the measured sensitivity curve using the GPUN qualified standarg gif-

ferential eddy current examination process.

Detalled analysis of the new 1984 Indications reveal, that by knowing the
specific location of the indication, the majority can be found in the 1982
eddy current tapes. The indications that could be measured In the 1982 tapes

including the in service inspection tubes reveal that:

(1) No new indications were detected in the ISI subset (one exception

explaineg)

The percent through wall assignments, as determined by phase angle
measurement, did not show continyed through wall degradation from

1982 to 1984.

For ingications not previocusly identified in 1982, the amplitude of
the eddy current signal has substant’ally increased in the 1984 tapes
which would result from some increase in the discontinuity volume
Presumably the latter is a reflection of the mechanical/thermal

working of the tubing.

For indications not previously identified in 1582 the increase in :ne

ampiitude of the indications in 1984 contributed to our ability to

11

detect the sma indications which now revealed themselves above

r

surrounding backgrouna no'se he latter combined with the

ateg with tnessignals from the ing
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Implicit within this fact, is that the earlier undetected indications were in
fact very small. This is substantiated by the characterization studies for
the 1984 indications which show them to be smaller percent through wall and
circumferential extent than the 1982 indications. Additionally, the 1984 in-
dications are located in areas which identify closely to intergranular stress

assisted corrosion cracking revealed earlier in the 1981-1982 examinations.
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In November of 1384, eady current examination was performed on the TMI -
Unit 1, once through steam generator (QTSG) fubinq in accordance with
Technical Specification, 4.19. The examination ultimately included 14,615
tubes in the "A" QTSG and approximately 6,500 tubes in the “B" QTSG. This
examination was concluded with a total count of 328 tuoes with confirmeg
ingications having tube wall dejracation measuring 40 percent through wall
or greater. This is a criterion that requires engineering disposition.
There were another 309 tubes that had confirmed indications with a
measured through wall degracation less than 40 percent. Those tubes with
20-40% through wall ingication are classified “degraded” tubes ang are
required to be monitored for change at future examinations. In agdition,
those tubes which contain ingications of 40% through wall or greater dut

do nct meet the approved plugging criteria will also be monitored.

Since the last compiete eddy current examination (1982 paseline) performes
on the OTSG in 1382, “he OTSG tutes have Deen subjected 0 mechanical
loading due to kinetic expansion repairs and therma! and hydraulic
loagings gue to the two hot functiona! tests. The eddy current examina-
tions performed subsequent to these icadings have resulted in the detec-

ticn of indications not seen previocusly.
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The analysis performed herein has the following purposes:

!. To characterize and report the indications identifies during the 1384
examination and compare these characteristics with Indications re-
ported during the 13982 baseline examination. The purpose of this
comparison is to evaluat: the pattern of dgefect aistribution and to
determine if the affectea areas correspond to the previously affectes

areas.

Determine the correlation of the kinetic expansion and sutseguent hot

L

functional test to the detection of indications not cetected aricr t2
these lcaging events. And, evaluate the impact from a chronoicgical

perspective.

3. Review tne gata from the 1384 Growth Program and evaluate the results

to getermine if evigence of continued tube degragation existea

METHOD OF EXAMINATION

The eady current examinations performed in Novemoer of 1384 utilized octh
standarg agifferential ana absolute eddy current examination technigues.
This dual examination method was developed by GPUN to specifical'y getect
ang confirm small volume but predominately circumferentially oriented

inner diameter cefects. (See Appendi« A)
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The dua! examination method involved first examining t*= tudbing with a
high gain standard differential technigque using a .540" giameter eddy
current probe. If no indications are detected the examination is com-
plete and the tube is considered acceptable. Tubes found to have
standard differential indications were examined a second time using the
absolute 8x] technique which used a probe having 8 independent coils.

The absolute 8x! examination determines the circumferential extent of the
defect and also determines if the indications are relevant or non-rele-
vant. A relevant indication is a flaw that has been confirmed by abso-

Tute 3x! examination.

This dual examination metnod is the same method GPUN gualified ang used
for the 1982 baseline eddy current examination of the TMI-i QTSG tubing

(Ref. 1)

. SCOPE QOF EXAMINATION

The initial set of tubes for the 1384 eady current examinarions was i 3%
sample selected in accordance with the requirements of ’ocnﬁ'ca‘ Scecifi.
cation 4.19. As required by 4.19, this set included all tubes rime ning
in service which were classified “degraded tubes.” These tube: hac prev-
iously reported indications of 20-40% through wall and are referrea to as
the ISI tubes. Approximately SO% of the J% sample was from the nigh ze-
fect area (outer periphery) with the remaining 50% being located ransomiy

throughout the generators.
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The examination of the initial sample identified some discontinuities
which exceeded the 40% through wall technical specification limit. Ag a
result of these discontinuities, the examination scope was increased to
include 100% of the tubes in the affected area of both 07SGs. This in.
creased scope included 100% of the tubes in OTSG “A" and (00% of the
tubes in the outer periphery of OTSG "B8". This outer perighery is de-
fined as the area outside the outer tie rod circle ang includes approxi-

mately 6500 tubes.

The November 1984 examination was not continued into the center of the
“8" generator because no confirmed indications >40% through wall were
found in this area during the random examination. The indications re-
ported in the "B" generator were at a significantiy lower freguency than
reported in the "A" generator. And their gistribution declinea sharply
with distance from the cuter perimeter and was bounded dy the outer “ie

rod circle.

As part of the expanded scope, a selected 100 tube sample, designated tre
"A" Growth Program, was monitored in order to cetermine if tnere was an
active mechanism initiating the 1984 eddy current ingications. This
sample was also comparatively evaluated against the ecdy current tapes

from the 1982 examination.
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Examinations discussed within this report included the full length of the

unexpanded region of the tubes. Expanded portions of the tubes cannct de

effectively examined and evaluated with the standard differential tech-

nique and are therefore not included in the tudbing examinations.

IV. RESULTS OF 1984 EXAMINATIONS

A.

INDICATIONS REPORT

As a result of expanging the scope cf the examinations, 14,615 tubes
in QTSG “A" and approximateiy 6500 tubes in QOTSG "B" were examined.
Of these tubes, 298 in OTSG "A" and 30 in OTSG B were identified as
naving relevant ingications 40% througnh wall or greater. I[n acdi-
tion, 265 tubes in OTSG “A" and 44 tybes in OTSG "8" were igentified
as having confirmed indications from 20-40% through wall ang are
classified as "degraded tubes’. These tubes and any tubes with
confirmed indications 40% through wall or greater which do not meet
the approved piugging criteria will be monitorea during future

examinations as “ISI tubes”.

ISI TUBES
The subset of ISI tubes includecd 28 tubes in QTSG A and S6 tubes in

OTSG B which had indgications of 20-40% through wa!l penetration

identified and recorded during previous examinations.

These ISI tubes were examined as a subset ang an in gepth evaluation
ang comparison of tne 1384 gata to the previous dJata was performes
The agurpose of tnis eva yaticn angd compariscn wat o getermine ‘f cne

3re/i2Ls’ s ‘3entifies ingicatiors "ad 'Jrown

-
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The criteria used to establish growth addressed significant changes
in percent through wall determinations, changes in signal voitage or
changes in arc length of the monitored indication. When performing
evaluations of this type, 1t must be noted that changes of aoout 10%
through wall can be caused by a change of only 3 degrees in the phase
angle measurement of the standard differential response signal. When
addressing small voltage signals, measurement errors of t:is type can
be expected. For the absclute 8x!, the orientation of the coils to
the defect may change the numper of coils an indication appears on by
| additional coil during repeat examinations. The evaluations must

therefore factor in these limitations on repeataniiity.
An ingepth analysis of the pnhase angles of the indications from 1582,
1983 ang 13584 was performed and s addressed in section VI of tnis

TOR.

I1SI Tubes in the “A" Generator

From the "A" generator 23 of the 28 ISI tubes snowed no evidence =¥

growth for any of the previously identified inaications.

Two tubes, A-I-9 ang A-83-128. nad ingications previous'y identi€iesz
as being <40% through wa!l which were subsequently reported as _<:

through wall in 1984. These indications were compared by the data
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analyst On a one-to-one Daiis tO tne previous data and 1t was geter-
mined that tre change in the percent through wall determinations were
caused by variations in the repeatadility of the overall eady currert

process and rot by the pnysical changes in the tube (See Table 1

1S! Tubes in the “"E” Ge-erator

In OTSG "B there was no indication of “growth” for 56 of tne 56
tubes. One tube E-98-5 o132 hase an indication reported as greate:
than 40% through wall ang reguireg furtner evalvation. The 2eta'i:

for this tube are shocwr in Tazle !

Trne 1984 an2 previcus data for thnis tube was re-evaluated Dy the.gat:
analyst to compare the ecd, current s'gna’ s shape. The analyst de-
termines the variatior in the garcent through wall determinations wa:
attributes to distortion of egay current signa's caused Ty myitiple

indications and was not a result of physica’ changes in the tule

Status of ISI Tubes

——— —

A numbe- of tubes presiously places in the ISI category during the
1982 baseline eramination were determined to have non-relevant in:

cations as a result of tne 1984 atsolute Bxl examination.
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These tubes had non-relevant indications as determined by absolute
8x1 in 1982 but were placed on the I[SI list for monitoring purposes
in order to verify the precision of the absolute Bx! confirmation
exams during future dual examination exercises. With the completion
of the 1984 examination and the consistency of reporting the same
standarg differential ingication as non-relevant, these tubes were

removed from the [SI[ list.

The numper of ISI tubes (Degraded Tubes) has increased as 254 tubes
in OTSG A ang 20 tubes in OTSG 8 had confirmed indications from
20-40% through wa!l in 1984 which were not previous!y identified.
This puts the present population of ISI tubes dDetween 20-40% through

wall at 265 tubes in “A" and 44 tubes in “B".
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Table )

1S! Confirmed Indications
Greater Than 40% anougn wall in 1984

April Nov.
Incication 1663 Post KE Data 1984 Post WFT Data
Gen Row Tube Elevation Origin % T.w. Volts % Volts

- 2 -9 uS+0e* 4s5% 1.
" 88 - 128 1203 ( 3la

13-09 l - “ Uk
£Se11 4%

Can?e T L 42%

o w/ ok
uS+21 ¢C% ‘ {7
uS+04 i 20% 21%

*immeliately Delow expanged area

Note: These tubes were removed from service in 1985.
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CHARACTERIZATION OF INDICATIONS

The indications detected during the 1984 examinations were character-
ized by the location and extent of gegradation based on the eddy cur-
rent response signal. Details, listing the data 'n suppert of this

section are included in Appendix B.

The characterization is further gefined by comparing the 1984 indica-
tions with those reported in 1982. For this comparison GPUN useg the
1984 data described previously and the 1982 stancarg differential
high gain gata case. The 1382 cata base included all tubes examinag
using the GPUN 3ual erxamination method porior to 1984. This gata pase
was previousiy used to disposition the OTSG tubes for the kinetic
expansion process ana subsequent tube plugging. This ‘data dbase con-
taing the 1982 vaseline results which are summarized in TOR 442

(See Ref. 2).

Both tve stancarg gifferertial anc apsolute tecnnigues are usec %9

furnish these characterizaticn as described delow.

Stangard gifferential response signal offers the following:

a. Ampliituge (this relates to the defects geometry and volume, and
is reported as a voltage reacing)

. Percent through wall (this relates to the resoonse signal’'s - ise

ang'e ang 15 measured 'n degrees).
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¢. Axial locations are reported by distance from the tube support

plates that are spaced at known elevations in the generators.

Apsolute 8x1 signal offers the following:
a. Number of coils (this relates to the defect's circumferential
evtent). The maximum circumferential extent is 8 colls and

represents a defect circumferential arc length that could be as

much as 360 cegrees.

NOTE . Amplituce. pnase ang axial location are also recorged
on the absolute Bx1 results; however, these results are

used only to confirm the standard gifferential ingica-

tions.

' RADIAL CISTRIBUTION

The indications getectes curing tne 1984 examination were located
in essentially the same areas of the OTSGs as those discovered 'n
1982. The indications were located predominately towards the
outer periphery of both OTSC A and B. In addition to the ingica-
tions located in the periphery there was also a smaller numger of
fndications present in tne center of OTSG A. No ingications
greater than or equa' to 42% through wa!! were reporteg 'n tne

center ¢f OTSG B (See Figures la and 1b).
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AXIAL DISTRIBUTION

The axfal location c¢f the 13984 ingications can be characterized
as being towards the top of the OTSGs. For QTSG A, 79 percent of
the ingications during the 1984 examina®ion are located in or
above the 15th span with 57 percent Jf the inaications in QTSG 8
located in this region. This corresponds with 82 percent in A"
generator ang 74 percent in “B" generator for the 1982 examina-

tion.

In order to compare the 1982 and 1984 axfal distributions, it
must D@ noted that the majority of the indications detected cur-
ing 1382 were within the upper tube sheet area and were cCaptured
Sy the kinetic expansion process. As a result of the expansion
process ang the coining of the tute wal' against the tute shee:
an examination of the coined area was not possible using the
standarg 3ifferential progce. Only the area of the tube de'ow the
expansion 2ore could Se evamined ui'ng ne stangarg 3ifferent a’

technigue.

With the exception of the upper tube sheet region, the overall
gistribution of the ingica*ions in 1984 closely resemples the
1982 aistridbution. This gistr..tion shows the ingications a-?
concentrated towards the uppermost >aions of tne OTSGe anc °-e
frequency of occurrence decreases sharpiy 2% the iCwer regions

(See Figures 2a ang 20).
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SIGNAL AMPLITUDE

The majority of the discontinuities detected in 1984 were small
volume as indicated by the amplitude of the standarg differential
signal. In OTSG A, 93 percent of the 1984 indications detected
were 2 volts or less in amplitude, while 'n OTSG B 74 percent of

the indications were in this category.

This voltage distribution corresponds to approximately 93 percent
of the 1982 indications in OTSG A and 78 percent of the ingica-
tions in QTSG B as being 2 volts or less. (See Figures la ang

).

To establish a reference volume for the discontinuities in this
range. a comparison can oe made to the responses from the cali-
bration standarc. This stancard has a 100% through wall 0.0S2"
diameter grilled hole which produces a 15 volt respcnse signal
for calibration purpcses. This ingicates that the aisconting-
ities present in the OTSGs are of a significantly smaiier .c'ume

than the calibration stangard.

PERCENT THROUGH WALL

The 1984 eday current examination results have shown that a -:n-
siderable number of the reported indications measured 'ess *-in

40% through wall penetration. The 1984 examination reported 56)
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tubes in “"A" and 74 tubes in “B" with confirmed indications. In
the "A" generator the indicaticns in 472 of the 563 tubes were
less than 40% through wall and in the “B" generator the indica-
tions in 59% of the 74 tubes were less than 40% through wall.

For the 1982 exanination, the results indicated higher percent
through wall degracation. In the "A" generator, S0% of the ingi-
cations reported were 30% through wall penetration or greater
while 3% of the reported indications were less than 40% through
wall. [n the "B" generator, 16% of the indications reported were
90% through wall penetration or greater and 40% of the reported
ingications were less than 40% through wall. (See figures da ang

4pn).

The contrast between the 1982 ang 1384 examination resuits for
percent through wa!l comgarison myst consider that most of the
tubing within the upper tubesneet region coulg nct be examines ‘A
1984. This region accounted for 63% in "A" and 61% in "8" of the
reported ingications in the 1982 examination. This compariscr
serves as an approximation only, since an ‘mproved inner dlameter

conversion curve was used for the Novemper 1984 examinations

(Ref. ).
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CIRCUMFERENTIAL EXTENT

To confirm the relevancy of the reported standard differential
indication an absolute 8x1 examination is performed. The numoer
of cofls that respond to a relevant iIndication provides an esti-
mate of the indication's circunfcrontlal'oltoht. The 1984 exam-
fnaticy results showed that the confirmed indications ranges from
1 to 3 coils. The circumferential extent for a one coil ingica-
tion is from the threshold of detection to 0.194". A two coil
indication is from 0.024" to 0.413" whereas a three coil ingiza-
tion is from 0.219" to 03632"A (Ref. 4). For the "A" generator
approximately 30% of the confirmed indications were 1 coil, ap-
proximately '0% were 2 coils, ana only 2 indications were 3 c2ils
of which one was outer glameter. For the "8" jenerator 79% of
the confirmed ingications were | coil, 20% were 2 colls, drg only

one was 3 coils

For the 1382 examination the resuits showed that tne confirmes
ingications rangea from | to 8 coils. For the 'A" jenerator S6%
of the confirmed indications were | co'l, ang for tne ‘8" gener-
ator S0% of the confirmead ingications were | coil. A greater
number of 2 coil ang greater indications were confirmea by adsc-
lute 8x! during the 1982 examination than in the 1384 examina-

tion. (See figures S5a and Sb).
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SUMMARY OF INDICATION CHARACTERIZATION

The eddy current examinations performed in 1982 ang 1984, doth util-
ized the GPUN qualified examination program using a compination of
standard differential nigh gain .540" probe and absolute 3x! prove.
This dual examination method was developed to detect intergranular
stress assisted cracking, predominately circumferentially orientec

and initiated on the tube's inner diameter wall.

The 1982 eddy current examinations prior to the kinetic expansion
repair were full length examinations performed on all in service
tubes in both "A" ang 'S" generators. The 1984 examination were also
full Tength nowever the kinetic evpanded area could not be examined.
Some tuces could not be evamined with the 5.0. .540" prote bdeiow the
center of the lower tupesheet due to 'igament gistortion from agja-

cent explestve plugs.

The comparison of the 1982 toc 1984 sata showec cscth similarities and
gifferences in the characterization of the ingications reportec. The
characterization of the axial and ragial gistridution showea the in-
dications occurred in the same regions of tne OTSGs in doth 1582 and
1984. The amplitudes of the ingications alsc appears to de sim'’'ar
in 1982 ana 1984 The gifferences between the two sets of Jaty ::-
pear in the percent through wa!ls, which are significantly 'ower 'n
1984 than in 1982 and in the circumferential extent whicn 15 also

smaller 'n 1984 than in 1982.
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This characterization and comparison would suggest the 1984 ingica-

tions are a smaller additional suybset of those detected aguring the

1982 examination.

To determine how the size of the new 1984 indications reflect on the
given sensitivity curve estaclished 'n TOR 401 and 423, the maximum
size of the new inaications getected was established and compared to
the above. [t was determined that approximately 90% of the indica-
tions are a maximum of one coll. (Note: a one coil inglication if
not preferentially ortented could give a two coil response). Adai-
tionally, approsimately 90% of the new indications were determineg to
be between 20-60% through wall. Using this data against the sensi-
tivity curve shown in TOR 423, the new indications appear to predom-
inately reveal themselves at or near the tareshold of detection of

the given sensitivity curves.

[t was cetermined that aporoximately 1C% was “rom a populaticon that
na- >60% through wall determination. For indications >60% through
wall all were 1 or 2 coils with the excepticn of one inaication in
tube 8-97-5. The indication (76% through wall,6 3 coils) was locatea
at the upper tube sheet lower “ace region. [t is expected that thne
sensitivity for getection is suppressed during the eddy current prote

passage into and out of (0.5" distance) this region. (Ref. 1).
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The two other 3 coi! iIndications in tubes A-84-131 ang A-79-1 had

<20% and S2% through wall determinations respectively.

The three, 3 coll circumferential extent indications, and the >60%

through wall ingications are of dimension below those analyzed to

withstand the main steam line brake loadings

(See Figure 6).

The following s the breakdown Of the 1982 and 1984 characterization:

Radial Distribution

Axial Distribution

Amplitude
(Voltage)

Percent
Through wWal!

AE1-F

—id

Predominately in the outer Predominately in the

periphery of both “A" §
“8" (significantly fewer
in "8")

Predominately in the UTS
Region 263%, ang
16th span J14%

76% less than 2 volits in
"A" ang S1% less than
2 volts in "B"

SO% greater than 30% T .W.
angd 96% greater than 40%
T.W. in "A", 16% greater
than 90% T.W. and 60%
greater than 40% T . W. in
nall

outer periphery of both
“A" & "B" (significantiy
fewer in "8")

<S0%.
<IN

Most in UTS Region
Some in 16th span

75% less than 2 volts in
‘A" ang 47% less thar
2 volts in "8"

2% greater than 3C% T.W
ang 40% greater than 40%
T.W. in "A" 1% greater
than 90% T.W. ang 27%
greater than 40% T .W. in
-nsn
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k1L

The ingications ranged
from | to 8 colls in both
“A" and "B". For "A"
more than 90% of the in-
dications were | andg 2
colls (66% - | coil and
30% - 2 coils)., For "B"
more than 30% of the in-
dgictations were 1, 2, 3
coils (S0% -1, 34% -2
ceils ang 8% - 3 cotls)

The Indications ranged
from | to 3 coils in poth
-QA. ‘"d N'ﬂ. ‘°r IO‘“ m
of the indications were !
coll. For "B8" more than
90% of the indications
were | ang 2 coils (79% -
1 ¢coll ang 20% - 2 coils).
There was a total of 3
indications with 3 coils
2 were inner giameter ang
| was outer diameter
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REVIEW OF PRE KINETIC, POST KINETIC & POST WOT FUNCTIONAL EXAMINATION DATA

A.

QVERVIEW

GPUN performed a 100% Enamfpation of the OTSG tubes in 1982. Thig

examination is referred to as the 1982 baseline.

Since performing this examination GPUN has reexamined a select number
of the OTSG tubes to monitor the effects of the kinetic expansion

repair (KE) and the subsequent hot functional testing (WFT).

These examinations revealed the presence of Indications which were

4

not previously ‘dentified curing the 1982 baseline examinations. T2
more fully ungerstand the appearance of these indications GPUN per-
formea deta'led evaluations of the available eddy current gata to
getermine ¥ the indicaticns had been present but could not de ce-
tected on previous examinations or if the indications were 'n pgrevi-
ously unaffected areas of tubing.

’
.-

(¢ uded in these evaluations were data sets of:

-

1982 In Process Ecaminations for Kinetic E«pansion (October. 'S82)

-

Purpose: Determine the effects of «inetically expanging tre C733

tubes.
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This data set consisted of examining 437 tubes in OTSG A ang B after
the tubes were expanded. The data was then compared to the 1982

paseline.

1983 Post KE Examinations (April, 1983)

e

Purpose: Determine the effects of the complete kinetic expansion

process on the OTSG tubes.
This gata set consisted ~f examining 477 tubes in OTSG A & B after
the kinetic expansion repair was completed. The data was then com-

pared tc the 1982 baseline. This cata set includes _ne ISI tubes.

1984 Post WFT Examinations (Ncvemper, 1584°

Purpose: Determine the cumylative effects of the kinetic espan-

sion repair and subseguent WFT on the condition of the

QTSG tubes

A data set of 375 tubes was focentifiea from the November 1984 popu'a-
tion which remained in service for which GPUN had 1983 post kinetic
erpansion cata. This data set includes the ISI tubes. This data »:is

then compared tz the '983 post kinetic expansion and the 1982 tase-

line gata
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Also included In the review were 45 tubes with indications igentifieg
as >40% through wall, during the 1984 examinations. These tubes were
selected from tubes included in the 1984 flaw growth brograu. Since
no 1983 post KE data was available, the evaluation results were com-

pared to the 13982 baseline.

METHOD OF EVALUATION

Ouring the evaluations, the cata analyst reviewed the magnet'c tapes
of the previous eddy current data for tubes with newly detectec ingi-
cations. This review was accomplished by isolating the specific area
of interest and performing a detai'ed review Of the eady current sig-
nals. By isclating the known area of interest, the data analyst was
able to perform an intense analysis of the eddy current signals at a
higher level of sensitivity than allowed oy production analysis tech-
niques. This intense focus permitted the data analyst to identify
the possibie presence of 'cw leve! egay current signals whicn may e

masked Dy background noise during production amaiysis.

Once the signal was identified and isclated. the analyst then
measured and recorded the signals amplitude, which ingicates the vol-
ume Of the discontinuity, and the phase angle, which indicates the

deoth of the aiscontinuity.
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The amp!itudes and phase angles of the signals were then character-

fzed to determine the relative size of the discontinuities. The

evaluations from the successive examinations were then compared to

establish when the signals were first detectable Dy eddy current.

This also characterized any changes which made the signal detectable

by production eady current technigues.

RESULTS OF EVALUATIONS

As a result of the evaluations performed on these data sets GPUN con-

cluced that:

~a

Knowing the exact 'ocation of a reported indication, most of the
ingications could de fdentified in previous examination data.
This %ncicsted the giscontinyities were oreviously present D1 -
not detectanle due to their low amplituge.

As a resylt of the kinetic expansion and the 7ot functional test-
ing the amplitude of previously unidentified signals increasec
making the signal respgonse more detectadble. This was typicaily 2
100-200% increase in amplityde which brought the signais above
the threshold of getection. This can be attributed to an 'n-
crease 'n the volume of the atscontinuity.

Example:. 1984 gata shows ! .5 volt signal in 3.5 volt noise.

re-review of 1982 data shows 0.5 volt signal in 2.3

/01t noise at the same location.
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3. Althougn the amplitude of the signals increased, the phase angle
of the signals did not show a correspending increase for the
indications first detected in 1984. This would indicate that,
although the volume of the discontinuity changed. the percent
through wall penetration remained constant. This is giscusseo

in greater detal! in Section VI of this TDR.

4. The new (1984) ingications which were reviewed are located at
the upper elevations of the OTSGs. This corresponds to the
previously affected areas of the OTSGs ‘dentified during the

1982 examinations.

QETAILS OF EVALUATIONS PERFORMED

The following fs a brief description of the evaluations performed anc
the details of the cata sets utilized. The data sets are presented
in chronological orcer to demonstrate the cumylative effects of the
varicus OTSG activities upon the tuoes s'nie the 1382 daseiine. Tnis

chronology is also contained in Table 2.

1982 In Process Examinations for Kinetic Expansion (October, !382)

Purpose: Determine the effects of xinetically expanging the QOTSC

tubes.
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In order to monitor the effects of the kinetic expansions GPUN ex-
amined 437 tubes. The tubes selected for these examinations were the

first tubes to De expanded, located in rows -8, in both OTSGs.

This examination identified discontinuities which were not previously
recorded in 15 of the 437 tubes examined (3.5%). An evaluation was
performed at that time to determine why the ‘ndications were not

fgentified previously.

This evaluation is documented in TOR 40! (Ref. 4) and TR-Q08

(p. 44-45) (Ref. S5) ang concluded that:

1. The ingications were not initiated by the kinetic expansion pro-
cess nor was there any evigence of detectable propagation of

existing ingications

2. The 2efects were smai! (thresnc!d) tyoe ‘ngfcaticons tnat nac
either been masked by the nign background noise levels n the
Jpper tube sheet regions or were sufficientiy tignt that signifi.
cant metal removal was not present to permit detection. «Kinetic

expansion may have altered these areas tO make them more Jetect-

adble.
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1983 Post Kinetic Expansion Examinations (dpril, 1633)

Purpose Determine the effects of the Kinetic Expansion Repair

and assoclated Tube Plugging Activities

GPUN examined a sample of 477 tubes in OTSGs A and 8 ysing the dua!
examinatic. method This sample was selected tO determine if the
Kinetic expansion process had significantly altered the conditicn of

ATCH™
the OTSG tubes

saAMp '@ was on the requirements of GPUN specificaticn
summarized ‘n TR-008 Appeng!x A

irements are summarized delow

1¢'cations which remained

All tubes adlacent to
Jefects in the 15th

=N

oTSG)

tubes aglacent to 10 selected

the peripnery of each OTSG

e~

igh plugging gensity areas in eacnh COTSG
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(@) A1l tubes adjacent to 5 plugged tubes in each QTSG with >3

volt signals in the lower part of the OTSGs.

(f) In addition to (a) through (e) above, all tubes ‘dentified as
leaking during the post repair drip and or bubble tests were

included.

The examination of the above sample of tubes provided an evaluation
of tha "worst case” areas of the OTSGs. The examination resulted in
the identification of ingications >40% through wall which were nct
previcusly recorded in 35 tubes (7.5%). In addition, | of the ingi-
cations previously identified as teing <40% through wall in QTSG A
appeared as >40% and required further dispositioning. The comparison
of the tube status prior to and after the <inetic expansion process

is summarized '‘n Tab'e 3 and in TR-O08, Apgpendix A (p. 109-113).

In its 1983 evaluation GPUN reviewed the 1382 daseline 20 estadlisn
the cause of the newly detected ingications. This review concluded

that:

1. The majority of the indications could be detected during detailed
reviews of specific areas of the 1982 basel!ine Jata. These re-
views showed the ingications had typically deen present at 'le

amp!icudes and signal to noise ratios of 1 to | or less.
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2. The kinetic expansion process apparently caused the amp!itude ang
corresponding signal to noise ratio of the ingications to in-

crease thereby making them more detectadble.

3. The indications were located near the top of the QTSG. Twenty
eight (28) of the 35 (80%) of the indications >40% through wa!ll
which had not previously been detected were located within the
upper tube sheet. This would be the area most affected by the

kinetic expansion process.

4. The pnase angles of the indications reported in 1983 did not show
a relevant increase in the percent through wall when compared to

the 1982 baseline data.

GPUN also reviewed tne 1382 baseline ang 1383 post XKE data to de-
cermine if the ingication (ISI tube in 1982) previously identifies as
seing <40% through wall in 13582, and then reported as greater than
40% through wall in 1983, indicated a cnange in the status of the
tube. A detailed review of this tube ana prior associated ‘ngica-
tions revealed that they were outside diameter originated ang are
therefore not part of this evaluation for primary side attack. [ts
disposition was coverea Dy the TMI Unit | technical specificatiors

requirements and the tube was removed from service.
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1984 Post Mot Functional Testing Examinations (November . 1984)

Purpose: Determine the cumulative effects of the kinetic expan-
sion repair and subsequent hot functional testing on

the condition of the OTSGC tubes.

Following the hot functional testing (WFT) performed after the kin-
etic expansion repairs (KE) GPUN performed the 1984 examinations of
the TMI OTSGs. These examinations provided a basis for determining
the cumylative effects cf the kinetic expansion repair ang subsequent
not functiona! testing of the OTSC tubes. These examinations identi-
fied indications not recorded in previous examinations. To charac-
terize the newl!y recorged inci:attcﬁs anc determine when they cou'd
first be detected, GPUN performed extensive reviews of the historical
gata for 2 data sets. Tnese gata sets are discussed in (A) ang (B)

peiow

(A) The first gata set selected for evaluation from the November,
1984 data set was 375 tubes for which post kinetic expansion gata

was availab'e. This data set included:

(1) A1l tubes remaining in service in OTSG A which were previc.:-
ly examined guring the 1983 post KE examination. This lon-
sisted of 163 tudes with no previously recorded indications

and 28 tute: previously igentified as having 20- 40% throug®

wall ingicaticns (ISI Tubes)
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(2) A1l tubes in the outer periphery of OTSG 8 which had been
examined in 1983 and remained in service following the 1983
post KE examinations. This consisted of 128 tubes with no
previous indications and 56 tubes previously identified as

having 20-40% through wall indications (ISI Tubes).

As a result of these examinations, 14 of the 291 (5%) tubes with
no previous indications were identified as having indications
240% through wall. Of the 84 previous ISI tubes, 3 tubes had
indications reported in 1984 which had not been previously
identified in 1983. These 14 tubes with no previous indications
ang the 3 ISI tubes are discussed separately below. The results

of the examinations are summarized in Tables 4 and S.

Tubes With No Previous Indications

For the 14 tubes with indications >40% through wall which were
not previously recorded. a complete evaluation of the historical
data was performed. The review characterized the indications
and determined if they had been present during the previous

examinations. This evaluation concluded that:

1. During the review of the 1983 post KE data, 14 of the ¢
indications were cdetectadble but were low amplitude signals

within the notse. DQuring the review of the 1982 base!ine
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data, 9 of the 14 indications could de identified. This
would suggest that both the kinetic expansion and hot func-

tional testing increased the detectadility of the Indications.

2. The amplitude of the indications increased from the 1983 post
KE examination to the 1984 post WFT examinations making them

more detectable from the surrounding noise.

3. The indications recorded during the 1984 Post WFT examina-
tions have a small circumferential extent as shown Dy the B8xl
apsolute probe. Of the 14 ingications having >40% through
wali penetrations, 13 appear as ! coll and | appears as a
2 ¢cotl indication. A 360° indication would appear as an 3

¢atl ingication.

ISI Tubes
for the three previcus [SI tubes wnich have ingications »4C%
through wall, which were not previcusly identified ang repcorted

in 1983, the evaluations are as follows

One tube A-120-106 showed an aaditional ingication which was
fgentified as being 95% through wa!l and 4.0 volts and was ":-

cated at the edge of the 15th support plate.
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Upcn a re-review of the 1383 Post Kinetic Expansion Data it was
determined that the ingdication was present at approximate'y S5%
through wal! and 2.1 voits but the signal was masked b§ the signal

* from the tube support plate. The effects of the support plate signal
also distorts the phase angle of the eddy current signal making an

accurate percent through wall determination impractical.

This particular tube support 15 a drilled support and cannot be
“mixed out” using the myltifrequency edd: current technigues usea %o
examine the broached supports located throughout the remainder of the
OTSGs. This creates a zone of reduced sensitivity (approximately .5°
above and deiow the edges of the support plate) at the arilles
support locations. The 1983 signal at 2.1 volts is below the 3.3
volt threshold of detection for the drilled support plate as

established in TDR 423

This zone of recuced sensitivity acpiies to the edges of toth the
upper and lower tubesheets ang the cdrilled hole in the 15th support
plate. The drilied holes are located only in the extreme outer
periphery of the 15th support plate. The remainder of the 15th
support plate and the other 14 support plates are the “broach” design
and although they reduce the accuracy for sizing ingications in th';
area, they do not have this 2zone of reduced sensitivity for dete:: >on

of ingications
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The other two tubes. *-=3-31 and A-149-14, nad indications greater
than 401 through wall reported in 1384 which had not Deen previ-
ously identified. In the re-review of the 1983 data at the spec-
{fied location, the indications were identified and compirec to
the 1984 data. This comparison showed the ingications were 'ow
amp!itude signals masked by noise 'n the 1983 data. (See Table

S).

(B) The second data set selected for evaluation from the Novemter
1984 data set was 46 tubes with indications first identifiec dur-

ing the 1984 examinations. This data set included:

(1) 12 tubes «ith ingications less tran 47 .rough wall ang 34
tutes with irgications greater than 40% througn wall. " The
rubes selected for this evaluation were orevicus'y incluges
in the 1984 Growth Program. The tubes were locates in the

suter periphery of the OTSG A.

*he indications were characterizeg ang compared to the '382 pase' 'ne

gata. The results of the evaluation conclude that:

1. Knowing the exact 'ocation of the '384 ‘agications, the correi-
ponding indications could be igentified guring a review of t-2
1982 baseline data for 32 (70%) of the tudes. This would inai-
cate the areas nac teen affected prior to the 1382 baseline exam-

inations
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A comparison of the 1982 to 1984 gata shows the average
amplitude increased from 0.6 volts in 1982 t0 1.5 volts in
1984. This demonstrates the amplituce of the ingicatiens
increased during this time period making them more

detectable.

The comparison of the 1982 to 1384 percent through wall
determinations snowed a slight downward trend of approx-
imately 11 percent through wall (equivalent to 3°* pnase
angle change). Sased on this pnase angle evaluation, no
significant treng cf through wa!l growth can De estad-
lished. This trend is further discussed in Section VI of

tnis TOR.
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Table 2

Chronclogy of Steam Generator Evolutions and

Corresponding Eddy Current Examination

Steam Generator Eddy Current Examination
Event Duration Data Sets Results > Q0% T W

B 8

Start-up & Test -
131 tubes leak Oct-Nov 188! July-Sept 1982 885 273
(1982 baseline)

Kinetic Expansion
Repair Oct-Dec 1982 Qct-Nov 1982 9 6
(in process)

April-May 1983 22 14
(Post)
Mot Functional Aug-Oct 1983 - -
Test May 1984 - -
Leak Test Jure 1984 July 1984 0 I
Ory Lay up June-Nov 1984 - -
Tech Spec

4.13% Nov-Dec 1984 Nov-Jan 1884 298 30
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Table 3

Results of 1983 Post Kinetic Expansion Examinations

Status Prior to Kinetic Expansion (1982 Baseline)

ISI T,
Tubes Tubes Tubes Tubes Preven!
0TSG Examinec NR1 <40% (ISI Tubes) >40% Pluge
A 213 200 14 0
: 263 22 5 L .
TOTALS 478 412 65 0
Status After Kinetic Expansion (1983 Examinations)
L3
ISI'T
Tubes Tubes Tubes Tubes Preven
0TSG Examined M1  <40% (ISI Tubes) 240% Plug
~ Zla 183 28 (12 previous ISI) 22 (1* previous ISI)
(16 previous NRI) (21 previous NRI)
) 283 183 56 (51 Previcus ISI) 14 (O previous ISI) 3

( 5 Previous MRI) (14 Previous NR!)
TOTALS 477 356 84 36

NRI = No Relevant Ingications
NOTES: * In 1 tubes, indications reported as <40% through wall in 1982
were reported as >40% through wall in 1983. These indications
are outsige giameter initiated and are not consigered relevant 10

tne present evaluations.

*v Tnese [3] tuoes were preventively plugged in accordance with
engineering dispositioning basea on location (axial andg/or

radiai) of <40% thru wall indications.
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Results of Post Mot Functional Testing Examinations

Tubes
Examined

191

%;%

Tubes
Examined

191

Status of Tubes Prior to W F.T.

Tubes - Tubes

NRI <40% (ISI Tubes)
y @ 28

1 56

91 “8a

Status of Tubes After W.F.T.

Tubes Tubes
NR! «40% (ISI Tubes)
133 39 (23 previous ISD)

(16 previous NRD)

-y
»
'

127 §€ (55 previous ISD)
( 1 previous NRI)
260 9s

NR! = NO Relevant Indgicat:uns

Tubes

240%

T

2

ubes
40%

19  § previous ISD)
(14 previous NRI)

<

20

(
(

1
0

previous ISI)
previcus NRD)
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Table 5
IS Confirmed Indications
Greater Than 40% Through Wall in 1984

April Nov.
Ingication 1983 Post KE Data 1984 Post WFT Data
Gen Row Tube Elevation Origin % T.W. Volts b Volts
A 3 - 3 13+C 10 33%* 1.1 kK3 1.5
13+04 10 275" 0.8 <20% 1.3
13+05 10 335 1.3 36% 3.3
13+08 10 40%** 0.6 45% 1.5
13+15 I 30%** 0.3 28-312 0.8
A 149 - 14 14-06 10 86%** 0.4 76% 0.6
15-16 10 80%** 0.5 69% 0.7
US+04 10 20% 1.0 Not Detected
- 120 - 106 12+C8 1D 40%** 0.5 4% 1.4
13-08/15-08 10 S50%** 0.4 48% 0.7
150 10 55K 2.1 95% 4.0
uS+02 10 20% 1.1 20% 1.2

* Represents re-evaluation of 1983 data.
** [ngications not previously identified during production examinations, indi-
cations first igentified during 1984 review of 1983 data.

Note: These tubes were removed from service in 1985.
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Tl HANGES IN THE EDOY CURRENT SICNALS FROM 1982 to 1984

QVERVIEW

'GPUN's evaluation of the historical data (1982, 1983) for indications

first detected in 1984 revealed changes in the eddy current signals
from 1982 to 1984. These changes are characterized as an increase in
the amplitude (voltage) of the signal with a corresponding decrease
in the phase angle of the eddy current signai. This phase angle
change has resulted in an apparent decrease 'n the depths of the
indications observed from 1982 to 1984. This phenomencn was first
igentified in 1984 during a review of the nistorical data for the
tubes included in the OTSG A growth program discussed in Section VII
of this report. To better understand the cause and impact of these
changes in the ECT signals, GPUN evaluated additional sets of avail-
able data considered most applicable. These data sets included tubes
previous!y identified as [SI tubes (Degraded Tubes), tubes previous'y
removed from the OTSGs, tubes subjected to Long Term Corrosion
Testing (LTCT) and tubes with synthetic defects (EDM Notches)
previously used as qualification standards for the GPUN examination

technigues.

The purpose of these evaluations was to:

1) Investigate the cause of the changes in the ECT signals

2) Determine the impact of the changes in the ECT signals on the
GPUN ECT program.

3) Quantify tne degree of change in terms of percent through wal'
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4) Identify the areas in the OTSGs in which the ECT signals were

affected.
5) Determine the effect of the changes on future ECT examinations.

The evaluations perfcrmed by GPUN to address these areas are dis-

cussed in the body of this section.
ION

Through the evaluations of the available eddy current data from 1982,
1983 and 1984, GPUN was able to characterize and further define the
“phase shift" (decrease in phase angle) previously identified in
Revision 0 of this TDR. These evaluations have demonstratad that the
present GPUN ECT techniques, used to disposition the 1984 examination
data, are acceptable as presently gualified and are not affected by
the observed changes in the ECT signals. Although GPUN was unable 2
determine the root cause of the “phase sh' t“, the following
conclusions can be drawn from the technical evaluation of the
available data.
. The review of the ECT process variables shows the reported
“phase shift" 1s not a result of changes in the ECT technigues
. The metallurgical data indicates the GPUN ECT program is acie::-
able for adispositioning ECT signals which have been affectec 2y

the observed changes.
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The “phase shift" initially identified as -11% through wall included both
changes in the ECT signals and variability in the ECT data evaluation
process. This phase shift was redefined as -6.9% throuch a reevaluation

of the data.

The “"phase shift" which was initially igentified in the OTSG “A" Growth
Sample from 1982 to 1984 has also been identified in the QOTSG “A" [SI

tube samples from 1982 to 1983.

The shift in phase angles appears to have occurred at all axial and
radial locations in tne QOTSG where inner diameter indications were

observed.

The OTSG A ISI Tubes (Degradeac Tubes) demonstrate that once the
discontinuities become detectablie during production examinations, the
phase angle of the ECT signal remains constant (within expected

repeatability) during subsequent examinations.

The percent through wall penetrations of ECT indications of one (1) volt
or greater are shown to be accurately evaluated usina the qualifiea GPUN
ECT Program. Indications of less than one (1) volt have been showr to
result in the assignment of overly conservative percent through wail
values. At a minimum these indications will be evaluated and monitored

during successive inspections.
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TP REVIEW

Prior to evaluating the changes in the ECT signals, GPUM reviewed the
varfables involved in the overall ECT process to verify the validity
of the data sets. The variables reviewed included both the ECT data
collection process and the subsequent data evaluation process. The
review of the data collection process included the ECT equipment,
probes, calibration standards and calibration techniques used during
the 1982, 1983 and 1984 examinations. The data evaluation technigues
were also reviewed to determine 1f changes in the method of analysis
from 1982 to 1984 or variations between the data analysts could be

Identified.

The review of the process variables was performed using certified
data unalysts from two separate NDE contractors. This review
concluded that the ECT techniques used in 1982, 1983 and 1984 were
consistent and the changes identified in the ECT signals were not the
result of changes in the process variables. The results of this

review are documented separately.

Ouring the review of the evaluation technigues, GPUN and their ECT
contractors determined the inherent varfapility of the ECT evaluat :r
process was introducing additional data scatter into the data eva .ai-
tion process and biased the initial comparisons of the 1982 and 1984
data. After identifying this variability GPUN was able to account

for this pias in subsequent evaluations.
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0 SION OF SIGNAL CHANGES

To further Jefine the extent of the identified phase angle changes

GPUN characterized both the signal to noise ratlos (S/N Ratios) of

the ECT signals and the shapes of the ECT signals. This character-
fzation was performed for both the 1982 and 1984 ECT signals ang

showed a definite change in the signals during this time period.

This characterization showed the 1982 signals were predominantly very
tight looped, straight signals, with very poor signal to notse ratios
(typically less than 1 to 1). By contrast, the 1984 signals ex-
hibited broader loops with complex signal formations. The signal to
nofse ratio of the 1984 signals was also greatly improved over the
1982 signals. Typical changes in the signals from 1982 to 1984 are

shown in Figure 7.

METHOD OF REVIEW

To address the questions rafsed by the change in the ECT sigrnals from
1982 to 1984, GPUN performed evaluations of various sets of data.
This section details the methods of evaluation and the data sets

utilized to resolve these questions.
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Investigate the Cause of the Changes in the ECT Sicnals

The review of the EDM notch standards showed the characteristic

shape of the ECT signal from the inner diameter notches changed
in relationship to the signal amplitude. The characteristic
shape of the signals from the notches was simiiar to the signals
observed 'n the DTSGs in that the low amplitude signals from the
smaller volume EDM notches have the same basic shape as the
small amplitude 1982 signals. The higher amplitude signals from
the larger volume notches have the same basic shape as the 1984

ECT signals.

As the shape and the amplitudes of the ECT signals changed from
1982 to 1984, the phase angle of the signals also changed. This
change in tne phase angle (percent through wall) can be
associated with changes in the volume of the discontinuities.
Research performed in the industry (Reference 6) has shown a
strong depencence of the pnase angle of the ECT signal on the
size of the discontinuity, where the geometric shape and the
depth of the discontinuity remained constant while the volume
was varfed. For this reason it is important that the methods
used for evaluating the phase angles of the ECT signals be based

on geometries and volumes representative of the adiscontinuities

Based on the above information the changes in the shape and
phase angle of the ECT signals appears to be a function of
changes in the volume of the inner diameter defects. These

factors have been addressed in the qualification of the GPUN £l

techniques
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Determine the Impact of the Changes in the ECT Signals on the

GPUN ECT Program

To getermine the impact of the signal changes on the previously
qualified GPUN ECT techniques, GPUN evaluated data resulting
from the ECT examinations of synthetic defects (EDM Notches) and
the results of metallurgical examinations performed on tubes

removed from the TMI OTSGs in 1981 and 1982.

The ECT data from the EDM Notches was reanalyzed to verify that
the method of interpretation of the notch depth was consistent
with the methods used for interpretation of the insity ECT
data. OQther analysis technigues such as measuring the steepest
angle of the ECT signal angd analyzing the auxiliary freguencies
(i.e., ZOOKHz. SOOKHZ) were also evaluated. These evalua-
tions showed the present method of analysis to be consistent
with tnose used to qualify the techniques and the mest applic-

aple for the T CTSGs.

To further define the impact of the observed changes on the
accuracy of the GPUN ECT techniques, additional correlations of
the existing metallurgical cata were performed. The data set
used for this sample included all igentified part through wa’
IGSAC. This gata set includes 6 Jata points which were
previously used in the metalluyrgical correlations ‘n TOR 64.

“he dJata set a's> inciudes 2 aadit!onal gata peints previous

exclygec from “OR 547 bdecause of 20¢r signal ¢ ncise rati2s
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These data points are included in this set because they are
representative of the signal to noise ratios of the indications
observed during the review of the 1982 data. The ECT data for
these examinations consists of both .510 S.D. and .540 W.G.S5.D.
which was performed using the Insitu ECT procedures and is

considered representative of the insitu data.

The data set of 8 points for which metallurgical data was
avallable was statistically evaluated both as a complete set and
as 2 additional subsets. These subsets were the 4 indications
with signal ampliitudes of | volt or greater which are typical of
the 1984 indications and the 4 indications with less than | volt
signals which are typical of the indications identified during
the review of the 1982 data. The statistical evaluations are as

follows:
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Statistical Evaluation of Part-Through Wal!l IGSAC

Data Set: All avatlable part-through wall IGSAC. Includes 6 data
points from TDR 642 and 2 additional data points.
Indications % T.W. T T.H. % Diff.
In Sample  Stat. Met P Met/E.C.T
8 X 45.9 63.4 + 11.5
e 21.8 271.7 25.9
Data Set: Data points from above set with signal amplitudes less than
I volt. (Typical of indications identified during review
of 1982 data.)
Indications % T.NW. T 1.8 % Diff.
In Sample Stat. Met W Met/E.C.T
4 X 46.3 77.5 + 1.3
o 25.4 25.4 31.9
Data Set: Data points from above set with signal amplitudes
| volt or greater. (Typical of ingications identified
during the 1984 examinations.)
Ingications % T.NW. T T.N. % Diff.
In Sample  Stat. Met E.C.T. Met/E.C.T
4 X 4as. 49.3 « 3.8
o 21.4 247 6.2

]

e

e Mean valuye

« | Stangarg Deviation (Sample)
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The statistical evaluation of this sample can Ue used to show a
general trend in the accuracy of the percent thrdugh wall

calls. When all 8 data points are included the mean overcall is
17.5%. When only the 4 signals of one volt or Tess are consid-
ered the mean overcall is 31.3%. By contrast the 4 signals with

amplitudes of | volt or greater showed a mean overcall of J.8%.

This data set is limited and the indications included have not
experianced the mechanical and thermal stresses applied to the
insitu tubes and therefore cannot be used to define exact
margins of overcall for part through wall [GSAC. However,K the
data indicates a consistent trend of overcalling the percent
through wa'l of the small, poor s!ghal to noise ratio indica-
tions typica! of those identified during the review of the 1982
data. The data from the larger, ! volt or greater, signals
typical of the 1984 gata, implies a degree of accuracy more
consistent with the GPUN qualified technigues (Reference 3) than

observed for the lower ampliitude signals.

Since the 1984 ECT signals may be the result of IGA, IGSAC, or
both, GPUN reviewed available data to determine the accuracy of
sizing IGA with [GSAC protruding from the bottom. The data

available was limited to only one data point. This data poinr:

had a 35% through wa!l IGA pit with an IGSA crack extending
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completely through wall. The data reviewed for this defect was
.510 S$.0. insitu data which showed the indication toc be greater
than 100% through wall (recorded as 95%). The indication did
not appear to be affected by the IGA and would have been

properly dispositioned.

Quantify the Degree of Change in Terms of Percent Through Wa!l

GPUN evaluated data from 3 data sets to quantify the degree of
changes in the ECT signals in terms of percent through wall.
These various data sets include the CTSG A Growth Program and
the OTSG ALB Degraded Tubes (ISI Tubes). The review of a 4tn
data set, the LTCT data from examinations performed by Westing-
house indicated the ECT process was not consistent with the TMI

ECT program and therefore the data was not included.

QTSG A Growth Program (100 Tubes)

The primary data set used to guantify the changes in the ECT
signals was the 39 indications identified in the OTSG A Growth
Program. This data set did not include any ingications pre-
viously identified during the 1982 examinations and was further

limited to those indications 20% through wall or greater.

Prior to performing a statistical evaluation of the 1982 an3
1984 data, the data was re-evaluated by a single data analyst.
The re-evaluation was performed to account for the varfability

previously igentified during the review of the ECT process.

. — — —
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This variability applied primarily to the larger amplitude 1984
ECT signals and therefore blased the initial 1982 to 1984 data
comparisons. This re-evaluation does not impact the previous
disposition of the 1984 data as the majority of the tubes which
were included in this sample were removed from service based on
the original 19683 evaluations. For the tubes which remain
inservice, the percent through wall values assigned during the
re-evaluation process did not exceed 46%. Inherent in the
plugging criteria (40% T.W.) is a tolerance {+ 10T based on
industry standards) for ECT ac-Jracy. None of the indications
remaining in service exceed this tolerance (S50% T.W.). The
statistical evaluations performed herein are considered to more
accurately reflect the changes in tha ECT signals and supercede

previous!y reported values.

The statistical evaluation of the data was performed using the
compiete data set of 39 points and a subset of 1§ points. The
subset of 16 points inciuded indications which had signal

amplitudes of .6 volts or greater in both 1982 and 1984. This
subset represents a 2:1 nominal signal to noise ratio for the

indications. The results of these evaluations are as follows




TOR 652
Rev. 2
Page 56 of 80

Statistical Evaluation of QTSG "A" Growth Program

Data Set: A1l indications > 20% T.W. (I.D.) which were confirmed by

8 x 1. Includes only tubes > 20% T.W. in both 1982 and

1984.
Indications 1982 1984 1982-1984
In Sample Stat. % Vv 4 v ar Ay
39 X §5.3 .6 8.4 1.6 -6.9 +1.0
B 18.9 .4 17.4 1.2 10 1.0

Data Set: All indications > 20% T.W. (I1.D.) which were confirmed by
8 x 1. Includes only tubes > 20% and > .6V fn 82 ang 84.

Indications 1982 1584 1982-1984
In Sample Stat. "% Vv ¢ v o dy
16 X 50.3 .9 6.0 2.1 -4.3 o1.2
o 8.9 .5 19.5 1.8 7.6 1.3

X =« Mean Value

7 - | Stangdard Deviation (Sample)
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The statistical evaluation of this population showed a trerd of
increased signal voltage and a decrease in the reported percent
through wall from 1982 to 1984. The mean decrease in reported
percent through wall for the initial data set (39 Pts) was -6.9%
while the mean decrease for the second data set (16 Pts) was
-4.3%. The evaluations of the signal amplitudes also showed a
consistent trend for both data sets with the initial gata set
showing a mean increase in voltage from .6 volts to 1.6 volts
for a mean increase of 167%. The same trend was observed in the
second gdata set as the mean voltage increased from .9 volts to

2.1 volts for a mean increase of 144% from 1982 to 1984.

Although these data sets showed similar trends in the changes to
the ECT signals, the difference In the magnitude of the phase
shift (-6.9% versus -4.3%) indicates the noise associated with

the 1982 data may be a factar.

QTSG ALB Oegraded Tubes (ISI Tubes)

The evaluation of the 100 tube growth program represented
indications which were beiow the threshold of detectability in
1982 and became detectable in 1984. By contrast the OTSG A ang
8 Degraded Tubes (ISI Tubes) provide a population of tubes whi:»
were detectable in both 13982 and 1384. These populations
represent better signal to noise ratio indications in '982 and
1983 and are typical of the indications to remain inservice as

degradec tudes
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The total population of ISI tubes with inner diameter
indications was 15 tubes in QTSG A and 14 tubes in Q7.5 B.
(Indications at support plates which are considered areas of
reduced accuracy are excluded from this evaluation.)

(Refereice 1)

The data sets were statistically evaluated, by OTSG, as a tota!
population for 1982, 1983 and 1984 and as a subset of indica-
tions for OTSG A. For the statistical evaluation of the total
population the indications identified as 20% T.W. or less were
all treated as 20% T.W. For the evaluation of the OTSG A
subset, all indications less than 20% T.W. in 1982, 1983 or 1984
were excluded. The results of these evaluations are as shown on

Table 6.

The statistical evaluation of these populations shows sig-
nificant gifferences between OTSG A & B. Because of these

differenrces the data sets will be discussed separate'y by OTSG.

The statistical evaluation of the OTSG A > 20% subset from 1982
to 1983 showed a mean increase in the signal amplitude of .5
volts (83%) with a mean decrease in the reported percent throug-
wall of -16.6%. From 1983 to 1984 the mean voltage increases dy
.9 volts (82%) however, the percent through wall remained more
constant with a 2.9% increase. This same trend was aiso

observed in the data set containing al! ingications
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By contrast the evaluation of the QTSG B data set showed no
significant changes from either 1982 to 1983 or from 1983 to
1984. In OTSG B the limited number of data points (2) with

> 200 T.4. evaluations in 1982, 1983 and 1984 prevented using
this criteria for subset. The evaluations were therefore
performed using the complete data set in which the mean percent
through wall for 1982 was 22.8% while 1983 was 22.0% and 1984
was 22.0%. The signal amplitudes for the examinations also
remained constant with a mean voltage of 1.6 volts in both 1982

and 1983 and .5 volits in 1984

GPUN further evaluated the ISI data sets from OTSGS A & B to
determine the cause of the zignificant differences in the
statistical results. This evaluation included a subjective

review of the signals by a Level III data analyst and determined

the OTSG B indications may not be indications of IGA or IGSAC

but may be caused by other surface anomalies.

The review of the above data sets would indicate the chinge in
the phase anglies o7 the ECT signals has occurred at various
times in the OTSGs and is not associated with a specific thermal
or mechanical cycle. The changes identified in the OTSG A ISI
tubes from 1982 to 1983 were similar to those identified in tre

OTSG A Growth Program from 1983 to 1984.
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The cata from the OTSG A Growth Program was evaluates usinq'
stricter controls than the production data sets and therafore

represents the best available Jata for agditional analysis.

Characterize the Locations in the OTSGs where Changes in the ECT
Signa's Occurreg '

The previously described data sets were reviewed to Charalterize
the axial ang radtal locations of the OTSGs in which changes in
the ECT signals occurred. The available data ingicates tne
changes in the signals occurred at all locations where inner
aiameter ‘ngications were present. This includes axial loca-
tions from the Sth T.S.P. to the kinetically e«panged area. The
radial locations of the indications was limited to the outer
periphery of the OTSG. in this pceripnery all locations appeares

to be affected equa'ly.

Determine the Effect of the Cbserved Changes in the ECT Sigra's

cn Fytyre Examinations

-~

The changes identified in the shape and phase angles of tne EC
signals have been identified in data from examinations pe-formes
at various times since the 1982 baseline. The change in the ECT
signals can first De igentified when comparing the '98C case -2
gata to the 1383 post repair ECT. The changes observed 3. ~:
this time periog are very similar to the changes cbservel

netween tne (582 ang tne 984 zata
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During the 1982 examinations the strict plugging criteria
applied to the OTSGs required most of the tubes with indications
to be removed from service. The only avallable data base of
indications detected during 2 or more production examinations is
therefore the comparison of 1983 and 1984 Degraded Tubes (ISI
tubes). This data set includes 7 indications in OTSG A and 2
indications in OTSG B which were greater than or equal to 20%
T.W. and can be used for analysis. The remainder of the data
sets discussed in this section therefore represent the
comparison of indications which were below the threshold of
detection on the first exam- ination and have increased in

amplitude to become detectable during the second examination.

The comparison of these two types of data (previously detected
and not previously detected) shows significant differences in
the repeatability of the examination results. A review of the
statistical data in Table 6 snows that when an indication is
first detectable during production evaluations and then compared
to the previous examinations, a definite shift in the phase
angles of the indications can be observed. This shift occurs as
the signal amplitude and the signal to noise ratio change to
make the indication detectable. In the OTSG A Growth Program.
which represents this type of data, the mean change in signa!
amplitudes was +1.0 volts from 1982 to 1984 while the reported

percent through wall decreased ty a mean of -6.9%.
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By contrast, where indications were of sufficient amplitude to
be detected during the 1983 production examinations, phase
shifes of this magnitude have not been observed in the 1984
data. The comparison of the 1983 to 1984 data for this
population of tubes (OTSG A Degraded Tube) shows a mean increase
in the amplitude of the indications of .9 volts while the mean

change in percent through wall was +2.9%.

Based on this ECT data the phase angles of indications which
have become detectable in 1984 and have experienced the phase
shift since 1982 would be expected to stabilize during future
examinations. For indications wnich increase in amplitude ang
are first detected during future outages, phase shifts similar

to those observed from 1982 to 1984 would be expected.

The results of the metallurgical correlations show the low
amplitude indications of less than | volt are not being
accurately evaluated and result in an overly conservative
disposition of the tubes. To minimize the impact of the
inaccuracies associted with these small amnlitude sigrals, GPUN
can implement guidelines to provide a voltage threshold for
evaluating indications. The evaluation of the OTSG A Growth
Program and the Degraded Tubes (ISI Tubes) indicate a ! vo!t
threshoid for evaluating indications would improve accuracv :-
determining the percent through wall penetration of
giscontinuities. Tubes with indications below this thresho'a
can be further evaluatec using additional cdata such as 8 «
absc'ute to cetermi-: if the tube should be removed from se-. ' :e

or menitored during future examinations.




TABLE &
SUMMARY OF STATISTICAL EVAILUATION
OF 1982, 1987 AND 1984 ECT DATA

1982 1963 1984 82-83 " 8-84 8284
#Pis.  Stat. T v x v * v & b4 &y by &y
1964 Growlh &
Al lnds. p20% 16 X = 50.3 9 %60 2.0 -4.1
) .6V in 1982 0. 8.9 S 19.5 1.8 7.6
Subset . X
Sample - All 19 K= 55.3 .6 M4 1.6 .9
Inds. p20% 0. 18.9 .4 17.4 V.2 "w.?
015G A 151 2
ALl inds. Varies X =(20 388 7 2y 258 1.2 (23 21.3 v -13.0 +.5 1.5 o5 3.8
By Vr. O - prs) 165 .6 Pis) 2.3 1 Fts) 9.3 .8 .5 .5
Subset : 2
Inds. 220% ? = 0.2 6 2.7 1) %6 2.0 -16.6 +.5 298 » -1
o . 6.3 .5 1.2 3 0.7 A 8.5 4 8.5 .& 2.6
0156 8 151 1
All Inds. Varies X =(2¢ 228 208 (2 22.¢ 18 (2¢ 220 3.0 -8 +.3 [} [} .3
By Yr. O .ps) 7.4 16 Pts) 6.4 1.6 Pts) 6.5 1.6 3 7 i
Subsel : e
Ind. 2200 ? X = a0 18 a5 1.8 430 2.6 -5 0 +.5 o8 ]
L 9.9 o 7.8 3. 2.0 1.7 ? s 1) 2.8
i = Mean Value
o

"
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vIil. TH P M
GPUN initiated a growth program during the examinations in Novemoer 1384
to determine if a growth mechanism was active during the current
(July-Nov 1984) period of extenced dry layup of the T™MI-1 OTSGs. This
sample included a population of 100 tubes in 'A' and 50 tubes in 'B'.
The tubes for both generatdrs ware selected from nigh cefect areas of the
generators and were examined full length using the GPUN gual examinaticn

method.

QTSG A GROWTH PROGRAM

The growth program in the A  OTSG consisted of examining a population of
100 tubes 3 times a: acorcximately 2 week intervals. [nitially, these
tubes were examineg as part of the proguction eddy current program ‘n
Mig-Novemoer 1384. The tubes were subseguent!, examined a secona time ‘n
late Novemoer 1984 and a thirg time in Mid-Decemper 1384. Results of the
3 examirations of each tube were then comparec for cnanges ir he numger
of ingications ang for changes in signal resgonse voltage 3¢ perient

througn wail! determinations.

The 100 tubes in the ‘A’ Growth Program included 35 tubes with confirmes
indications ang 45 with no relevant ingications. The comparisons of the
regeat examinations were performes oy evaluyating the signal amoiituces
ang percent througn wal! getermirations. These evalyations reveales ::-
sentially "0 cnange in the voitage or percent througn wall Jetermira-
tions. These results ingicate that tnere was no continued Jegragat’'on

quring the three examinations frcm Novemper tO Jecemge-r, 334
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QTSG 8 GROWTH PROGRAM

The Growth Program in 'B' consisted of a Mid-November 1984 examination of

SO tubes which were previously examined in July 1984. These 50 tubes
were selected from the high defect area for full length examination in
July 1984 during a limited scope examination performed when orimary to

secondary leakage was detected.

The July and November 1984 Eddy Current results were then compared and no
previously undetected indications were found to exist in the November
1984 results. There was no evidence of continued degradation in these

tubes vetween July ana Novemper 1384

GROWTH PROGRAM CONCLUSIONS

The Growth Program evaiuations ingicate tnere w~as 10 significant charge
in the congition of the tubes from July to Novemper 1984 in the '8° QTSG
or from Mig-Ncvemter to Mig-Decemper ‘7 1984 for the ‘A’ QTSG. Thig in-
formation Joes not ingicate any corre’ation Detween extenced ary lay-up

and identification of previously undetected ingicaticns.
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VII1. CONCLUSICNS

Based on the characterization of the 1984 indgications, a review of the
1982, 1983 and the growth program data, GPUN was able to draw the follow-

ing conclusions for the 1984 examination results.

1. The characterization of the '984 ingdications by axial ang radial 1:2-
cations, and their correlation to the indications reported in the
1982 baseline, suggest that the 1984 ingications are an aagitional

subset of the 1982 ingications.

The re-evaluation of previcus data suggests that the indications

roe

‘gentifigg in 1984 were aiready present during the 1382 examination

but were within %he cack3zroung noise

“he kiretic evpansion recair ang not functional testing may have in-
creased the amplituce of tnese srevicus'y e«isting ingications ang
made trhem getectadle suring production evaminations. There was "o

treng 2f tnrough wall growth associated witn this amplituge increase

3. Based on the evaluation 2f the Growth Program, there is no evicence
of continuing tute 3Jegracation since the OTSGs were Diaced in gry

layup in July 1984.

e



TOR 652
Rev.2
Page 67 of 80

The characterization of the 1984 ingications shows that approximately
90% of the indications are 20-60 percent through wall and | coil.
These indications are at or near the threshold of detection for the

previously established sensitivity curve.

Approximately 10% of the indications are higher percent through wall
(>60%) with a circumferential extent of 1 or 2 colls. There is a
tota! of three 3= coil circumferential extent indications. All of
these indications are between the threshold for detection and the

most conservative curve for critical crack size. (Main Steam Line

Break).
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APPENDIX A

ABSTRACT ON THE DEVELOPMENT OF THE OUAL INSPECTION
TECHNIQUE AND PERCENT THROUGH WALL CALIBRATION CURVE
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Prior to the 1982 OTSG tuding inspection, GPU Nuclear had always performed its
OTSG tubing examinations with the standard differential eddy current technique
for detecting indications that normally originated on the outer diameter of
the tube wall. The eddy current inspection system was operated at normal gain
and the probes used for these inspections measured 0.510" dlameter. These
parameters traditionally were consicered acceptable for inspecting the OTSG

tubing which has a nominal inner diameter of 0.557".

After 131 tubes leakec upon start-up and test in Novemper 1381, eady current
examinations were immediately performed with the standard gifferential (S.0.)
510" technigue ang some of *he leaxing ingications were nOt detectec. A sub-
sequent examination was performed with a muiti-coi! absolute eddy currint
technigue and indications were icentified in the roll transition of the leak-
ing tubes. In aagdition, other indications which had not deen detected Dy the
previous $.0. .510" examination were identified. The gefects discoverea in
the OTSG tubing were metalluyrgically evaluated as inne- diameter initiatea.
very tignt. ang orientated around the circumference of the tudes [t was tren
recognized that tne S.0. .510" tecnnique was not sensitive enough for getect-

ing all ¢f the new inner alameter discontinuities.

GPU Nuclear medified and improved tne sensitivity of its standard gifferentia’
technique by increasing the probe’'s ciameter to 0.540", and increasing the
operating gain. This meaification improvea the stangara 3ifferential ¢ 12-:° -
tivity for cetection of oregominately circumferential, [ 0. initiatec 'nz'z2-
tions by approximately 175% over the oider technigue. ~“he disagvantage :*
using the high gain ang improves fill factor is that the standard gifferert 4’

examination pecomes cverly sensitive %o surface anomalies
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The absolute technigue used to confirm the standard differential inspection
results was also modified anag improved. The development of the 3x) Apsolute
probe with eight pancake shape coills placed around the probe bédy provigea 360
degrees coverage on the circumference of the tube wall. This design permitteq
a single pass of the probe in the tube during an examination as compared to
myltiple passes when fewer coils are used. The eight coils also providea a
fair estimate of the arc length of an indication because the response signal

from each coi! represents its proximity to the ingication.

Using the improvea S.D. .540" high gain and absolute 8«1 technigues. GPU
Nuclear developed a dua! method eddy current inspection technigue. The ini-
tial examination was performed by the S.0. .540" nigh jain technigue. If the
examinaticn by S.0. .540" showed nc evidence of a defect, its examinaticn ve-

came the final insceczion of reccrs.

4
if

(ad

he 5.0, .540" examination repcrted an ‘'ngicaticon, 31 secangd e«aminaticn was
performed using the ausclute B8x! tecnnigue. The acsolute Bx! evaminaticn ge-

-
-

Fsr trese

termineg if the reported indicaticn was relevant 3r non-relevant
ingications getermined to be relevant, the apsolute 8«! result was uses to
estimate the arc length and also confirm the origin (1.0./0.0.) ana axial 'eo-

cation of the ingication.

Ouring a stancard aifferential eady current examination the percent tnr: i3~
wall penetration of a flaw is cetermined by measuring the response signal s

phase angle and converting that measurement tO the perzent through wall A
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calibration '°T this conversion is established by setting up the standard qif-
ferential equipment and testing a known standard. The phase angle for the
eddy current response signal is adjusted to a specified measurement which gen-
erally is 40 degrees for a 100 percent through wall by .052" diameter nole
standard. This calibration is done in accordance with the ASME Secticn «I
code. The traditional conversicn curve for phase angle measurement to inner
diameter initiated percent through wal! is determined by the values that are
extrapolated from the 40 degree phase angle-100 percent through wall (given oy
the .052" diameter hole stangard) to Zero degree phase angle--Zero percent

through wall.

The estimated percent through wali that is extrapolated from the conversion
curve tengs to overcall the actual percent through «al! of a small volume
flaw. This over cailing is consigerec conservative eddy current evaluation

and was instituted in the 1982 dual inspection tecnniqgue.

If hag always teen acknowlieagea that this tragitional curve Svercallieg small
volume inner aiameter giscontinuities. The presence of smailer inner dfameter
initiated cracks in the TMI.1 OTSG's hag required GPUN to develop a mere ac-
curate means of assigning the percent through wall penetraticn. Therefore,
the traditicnal inner diameter conversion curve was enhanced by using supole-
mental data from EOM with varicus xnown depths. T“his data was Jsed ts ceve oo
a conversion curve wnich more accurately represented small vo'ume, inre > -
ameter initiated agiscontinyities ana this accuracy was verified through metal-

lyrgical correlations using actua'! intergranylar stress assisted crack samples
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APPENDIX 8

1382. 1584 EDDY CURRENT STATISTICS



Support

LP-1

2-3
-4
4.5
5-6
67
7-8
3-3
3-10
1011
1112
1213
'3-14
'4-15§
15-US
us-up
TOTAL
Note:

TOR 652

Rev. 2
Page

TMI STEAM GENERATOR A AXIAL LOCATIONS OF CONFIRMED

INDICATIONS 0-100% THROUGH WALL

PERCENT VS SPAN

F?bcuoné%’g* *
5 19
23 77
8 249
8 249
17 .83
S8 1.808
ia 1.714
55 1.060
34 1.718
g 1343
24 748
34 '.683
53 1. 364
46 4.85]
37 3.024
530 16.52)
2040 63591
3208

1982 vS 1384

r?oau.nl3”
v 1090
2 181
8 726
19 1.725
7 .638
19 1.728
26 2.36)
S .458

12 1.1
3 367
3 726
'3 1,181
34 3.300
§7 §.177
"3 7.084
217 19.70
71 §1.861

1101
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(1) 1984 3ata inclyces the length of tubing De'ow tre cinetically e«-

panged 2one.

(Approximately US-7 and below).

(2) 1982 sata inclyces the length of tubing from US«!S and below.

(3) Data taxen from 1382 ang '984 zata tases as of 2/15/8S
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TMI STEAM GENERATOR 8 AXIAL LOCATION OF CONFIRMED
INDICATIONS 0-100% THROUGH WALL
PERCENT VS SPAN
1582 VS 1984

Support ??oquonlzg;"* 1 r'.ﬂu!ﬂéza‘ 3
S 6 . 468 6 3.109
1-2 3 234 2 - 1.036
2-3 4 2 r 518
3-8 20 1,561 3 1.554
4-5 9 703 5 3.108
5-6 9 .703 < 2.072
6-7 24 1.874 3 4.145
7-8 12 937 7 3.627
8-9 19 1.483 1 2.072
3-10 20 1.561 3 4.663
1011 15 1n 2 1,238
1112 24 2.654 12 6.218
12-13 14 2.654 12 6§.218
3-14 06 8.275 7 3.627
14-15 8! 6.323 7 3.827
15-US 38 7.650 25 12.983
us 787 61.144 18 40.418
TOTAL 128 193

Note: (1) 1984 gata incluges the length of tubing dDe'ow the kinetical’y 2«.
panded 2one. (Approximately USe7 and beiow)

(2) 1982 gata includes the 'ength of tubing from US+1S ang te'ce

(3) Data taken from 1982 ang 1984 gata bases as of 2/15/8%
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TMI STEAM GENERATOR A VOLTACF DISTRIBUTION FOR CONFIRMED
INDICATIONS 0-100% THROUGH WALL
PERCENT VS VOLTS
1982 VS 1984

1982 1984

Volts Percent Volts © Percent
0 31.807 0 34 .968
] 44 653 ! 35.1§
2 16.595 l ¢3.618
3 4.702 k| 4814
4 1.5%7 B 636
S 338 5 . 363
5 184 - 391
7 061 7 182
8 092 - 8 182
9 9 9 0
10 .33 10 9

Note: (1) 1984 data includes the 'ength of tubing delow the kinetically ex-
panded zone. (Approximateiy US«7 and delow).

(2) 1982 data inclyces the length of tubing *“rom US«!S ana delow.

(3) Data taken from 1982 ang 1984 cata pases as of 2/15/85
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T™] STEAM GENERATOR 8 VOLTAGE DISTRIBUTION FOR CONFIRMED
INDICATIONS 0-100% THROUGH WALL
PERCENT VS VOLTS

1982 vS 1984
1982 1984
Volts Percent Volts Percent
0 23.878 0 26.425
1 28.897 ! 20.207
2 25.019 2 e7.979
3 9.810 k] 11.917
4 6.844 B $.699
5 1.901 S 3.109
6 1.997 6 1.2036
7 508 7 1.554
8 1.217 8 1.55¢
9 ? 3 9

0 276 10 §'3

wn
s
wr

Note: (1) 1384 data includes the 'ength of tubing Delow the kinetically ex-
panded 2one. (Approximately US+7 and below).

(2) 1982 gata inciudes the length of tubing from USe1S ang dDeicw

(3) Data taken from !'982 ang 1984 data bases as of 2/15/8S.
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TMI STEAM GENERATOR A CONFIRMED PERCENT THROUGH WALL
DISTRIBUTION FOR CONFIRMED INDICATIONS 0-100% THROUGH WALL
PERCENT VS PERCENT THROUGH WALL

1982 VS 1984
1982 1984
% Thry-Wall % % Thry-wall %
0-19 .28 0-19 0
20-29 1.434 20-29 39.085
30-39 1.309 30-39 ' 21.163
40-49 6.827 40-49 17.802
50-59 13.685 50-59 7.629
60-69 9.787 50-69 §.504
70-79 7.512 : 70-7% 2.186
80-89 8.635 80-89 1.907

90-100 50.36! 90-100 3.724

Note: (1) 1984 gdata includes the length of tubing Delow the xinetically ex-
panced 2one. (Approximate'y USe7 ang telow)

(2) 1982 sata inclucdes the length of tuping from JS.I5 and deiow.

(3) Data taken from 1982 ang 1984 gata bases as of 2/15/85.
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™I STEAM GENERATOR B CONFIRMED PERCENT TWROUGH WALL
DISTRIBUTION FOR CONFIRMED INDICATIONS 0-100% THROUGH WALL
PERCENT VS PERCENT THROUGH WALL
1382 VS 1984

1982 1984
% Thry-Wall % % Thru-wWall %

0-19 11.788 0-19 0
20-29 11.866 20-29 63.212
30-39 16.472 30-39 13.99
40-49 10.617 40-49 11.917
50-59 13.349 50-59 4.663
60-69 §.04) 60-69 3.109
70-79 6.400 70-79 2.973
80-89 5.699 80-89 0
90-100 15.769 30-100 1.036

Note: (1) 1984 gata includes the lengz. of tubing ®e'~ (ng kingticaily er-
panges 20re. (Approximate'y USe7 ana telow)

(2) 1982 3ata includes the lergth of tubing from USe+!S5 and beiow.

(3) Data taken from 1982 ang 984 gata bases as of 2/15/85.
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CIRCUMFERENTIAL EXTENT FOR CONFIRMED INDICATIONS

GENERATOR A
1982 d 1984
ils Fr ncy % Colls requency 3
'gg'b'* !!a (N/A) Q 32? (N/A)
| 655 66.973 1 nn 89.959
2 o 0.7 2 122 9.878
k| 18 1.840 3 2 0.162
4 1 0.102 B} 0 Q
B 1 0.102 S 0 0
6 0 0 5 0 0
1 0.102 ? 0 0
3 ] 0.102 - 0 0
TOTAL 378 1235
GENERATOR 8
X 1982 1984
flg requency % Cotls Freguency %
_5970 ‘%%% (N/A) 0 ! (N/A)
] 147 50.000 1 102 79.069
2 102 34 6%4 2 26 20.18§
] 6 3 843 3 ] n
4 7 2. 38! 3 0 0
5 4 1.360 § 0 0
5 ¢ J 7 0 9
7 » 9 - 9 9
3 B 2.1 3 » 3
foTaL 194 29

Note: (1) 1984 data includes the length of tubing delow the xinetically e«-
panded zone. (Approximately US+7 ang be ow).

(2) 1982 data iIncludes the length of tubing from US+!S ang telcw

(3) Data taken from 1982 and 1984 data bases as of 2/'5/8S.
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ESTABLISHED MINIMUM SENSITIVITY FOR THE HIGH GAIN 540 S.D. EXAMINATIONS
BELOW UPPER TUBESHEET (300 MV) WITHIN UPPER
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INTRODUCTION

Indications of greater than 40% TW penetration identified during the
1984-85 EC examinations indicate that IGA/IGSAC of this depth did exist which
were previously below the eddy cu~rent voltage response required for
dispositioning of a defect. A3 a result o* mechanical loadings on the actual
OTSG's, these pre-existing IGA/IGSAC areas have probably been disturbed
producing local grain boundary separations or loss of grains which enhanced
their voltage response permitting a signal disposition (Ref. 1).

In order to attempt to describe and quantify pre-existing IGA, GPUN
initiated a laboratory investigation at B&W's Lynchburg Research Center (Ref.
7). This investigation used actual OTSG tubing that had been rewoved from the
OTSG's in late 1981 and early 1982.

The results from the LRC effort were then analyzed in conmjunction with
previous analyses of IGA/IGSAC in order to describe IGA/IGSAC that might exist
in the OTSG's at the time of the 1984~5 EC inspections and its relationship to
s“ains and eddy current indications.

METHODS AND SOURCES OF DATA

The principal source of data used in this analysis was the investigation
done by B&W's Lynchburg Research Center (LRC) from February to April, 1985
(Ref. 2). As a supplement to the above analysis we used the results of
additional eddy current testing done by Nuclear Energy Services (Conam) on the
same group of OTSG tubes.

To increase the database on intergranular attack, we reviewed previous
reports (Ref. 3-7) on failure analysis and long term corrosion testing of
TMI-1 OTSG tubes.

For the 1985 B&W investigation, we selected OTSG tubes that were from
the periphery of the A-OTSG. These tubes were removed between late 1981 and
mid-1982 for use in the TMI-1 OTSG failure analysis. They were stored at LRC
since that time.

In order to make eddy current testing meaningful, the tubtes had to be at
least six inches long. The final set of tubes (Table 1) consisted of fourteen
tube sections.
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B&W metallographically examined samples cut from two of the tube
sections. Details of specimen selection and preparation are contained in
Reference 3.

RESULTS AND DISCUSSION

1.D. Oxide Stains

We examined the oxide films both directly and indirectly. Indirect
examinatior was done on all tubes using fiberscopes as previously described.
Direct examinations using a stereo microscope were done on tubes A-111-13,
piece 1 and A-112-5, piece 1, after the pieces had been longitudinally
sectioned. The direct examinations were more sensitive.

We identified three types of stains during the direct examinations.
Type 1 stains (Figure 1) consist of small (approximately .010" diameter)
darkened areas that resemble oil spots. They do not have any visible internal
structure and are not associated with any underlying tube defects.

Figure 1
Type 1 stains resembling oil ,pots in A-112-5, piece
approx. 5 in. from top. 8.6X.
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Type II stains are from approximately 0.25" to over 1" long and are
irregularly shaped (Figure 2). Their internal color is a dark brown, and
there is a distinct border between .ne stained area and the balance of the
tube oxide film.

Figure 2
Type II stain near a crack in tube A-112-5, piece 2,
5.4 inches from top. 8.6X.
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Type III stains are similar to Type II in extent, overall color, and
in the presence of a border. However, within a Type [II stain there are one
or more areas which appear grey in color and are usually accompanied by grain
loss which appears as small pits. (Figure 3). The pits are on the order of
0.010" in diameter.

Figure 3
Type III stain = tube A-112-5, piece 1,

)

4 inches from top.

The fiberoptics examination was not sensitive enough to detect Type
stains. We did identify several areas which could be identified as either

Type II or III stains.

Table 2 compares the fiberscope observed locations of stains to the
locations of eddy current indications in the tube samples. Tube A-112-5 is
listed separately because of the large number of eddy current indications in

it (see next section).

"
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TABLE 2 - Correlation of Eddy Current
Indications With Stains Detected
by Fiberscope

Tube Sections

EC Indication Other
Stain Description at Stain Location? than A-112-5(1)
Type 1II No 6
Yes 0
Type III No 0
Yes 5
Note 1 - Tube A-112-5 not listed because of large number of eddy current

indications.

For tube sect.ons other than A-112-5, Type Il stains did not correlate
with eddy current indications, and Type III did. In tube A~112-5, some Type
I1 stains appeared at eddy current indications, However, with the combined
" imprecision of both eddy current and fiberscope measurements with respect to
axial location (elevation), the stain - indications match is suspect for this
tube.

Eddy Current Inspections

Table 3 presents a summary of the resul . of both the Conam and B&W
eddy current evaluations. B&W's evaluation (R*f. 2) concluded that there was
no significant change in the eddy currer® results between 1981-82 and 1985.
Conam reported all indications that were visible above background, regardless
of voltage level.
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The results of the eddy current inspections were consistent with both
previous inspections and each other. Of the fourteen tube sections, nine had
no detectable defect indications, either reported previously or by the current
inspection as evaluated by Conam. Three more had previously reported
indications that were confirmed by the present tests.

The two remaining tubes had previously identified indications which B&W
confirmed had not changed since the previous examinations. During the Conam
reevaluation of these tubes, additional indications were identified. In tube
A-112-5, piece 1, Conam was able to individually evaluate signals previously
identified as "multiples". In tube A-111-13 Conam reported two additional
indications in an area where B&W had previously reported a possible defect.
The reported indications were low level, less than 1 volt and their detection
may be attributed to improvements in analysis equipment and techniques from
1981 to 1985.

The indications in these two tubes were further characterized by
metallography. The results of this characterization are described in the
metallography section of this report.

Hetullo;zgphy

We selected tubes A-111-13, piece 1 and A-112-5, piece 1, for
metallography. We had two objectives in the metallography: Firs., to
determine the presence and severity of intergranular attack (IGA) under stains
and second, to determine if IGA was detectable by eddy current testing. We
felt that these two tubes were the most likely to provide useful data, since
they both contained low voltage eddy current indications (below normal
reporting level).

The first part of the investigation consisted of sectioning both tube
sections longitudinally. Tabe A-112-5, section 1 had 15 visible
circumferential cracks in it. It also had a large number of stains of all
three types.

We selected two areas from this tube for metallographic examination,
The first was an area from 1.125 to 1.802 inches from the top of this
section. This area contained a large Type III stain.

We made four transverse cuts through the stain and cl.aracterized any ICA
and pitting.

We found only superficial IGA (less than 0.001") under the stains. We
ground into three areas of pitting; the deepest pit was 0.005", while the
other two were less than 0.,002" deep.

We took another transverse section through a longitudinal stain that
contained a longitudinal line of pits at about 2.75 inches from the top of
tube A-112-5. Again, only superficial IGA appeared under the stains, and pit
depths were less than 0.002",
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Tube A-111-13 had considerably fewer stains on the I.D. surface. No
cracks were visible, but we observed individual or clustered pits near the
reported eddy current locations. In order to characterize the pits and check
for circumferential cracking, we took three longitudinal specimens at
locations corresponding to eddy current indications. After completion of
several successive grinding/polishing steps, we broke the tube sections out of
their mounts and bent them slightly with the ID in tension., We also bent the
unmounted sections of the tube., We found circumferential cracks at all three

eddy current indications in tube A-111-13.

The results of the metallography indicate that staining is not
indicative of areas of general IGA.

Both direct visual observation and metallographic examination suggest
that the pits are formed by the drop out of a small number of grains in a
limited area of IGA. The deepest pit examined was 0.005" deep, or
approximately 14% through the wall. Most of the pits were less thanm 0,002"
deep.

Finally, this metcllography was not successful in determining the
detectability of IGA by ead; current. Table 4 attempts to correlate eddy
current indications, visual and metallographic results, however, due to the
close proximity of indications to each other and the imprecision of location
measurement these correlations can only be considered approximate.

TABLE 4 - Correlations of Eddy Currenr Indications and IGSAC

EC ANALYSIS CRACK CHARACTERIZATION
Locacion(TT (3)
In. From Top 1 8 X 1 Result Location
of Piece . 540" Re‘uil # of (Z)In. From Top (lO)Length
Tube ID 540 B8 X 1 % T.W. volts Coils Volts of Piece 2 T.W. in.
Tube A-112-5 0.3 0.55(4)100 1.55 3 2.45 . 549 100 .3
0.9 0.85(4)100 1.32 2 1.42 754 100 J14-.1201
1.1 1.05(4) 170 69 1 0.29 1.095 100 .09-,15(1
1.6 1.35(4) 91 2.58 1 0.95 1.357 100 .26
1.65(4) 2 2.81 1.631(5) 100 .15
1.701(5) 100 .09
1.759¢(5) 100 1
1.95(4) 1 0.24 1.930 100 .25
2.05(4) 2(6) 0,32 2.053 100 .19-.24("
2.4 2.3 83 .87 2 0.44 2,301 100 3
2.6 2 1.48 2.556 100 ,23-.29¢(
2.9 3.0 85 1.09 3 6.98 3.195 100 .32
3.2 83 .22 1 2.90 Note 7
P 1 3.47 Note 7
1.8 2 10.0 3.640 100 .26
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TABLE & - Correlations of Eddy Current Indications and IGSAC

(continued)
EC ANALYSIS CRACK CHARACTERIZATION
Locationtl) (1)
In. From Top 8 X 1 Result Location
of Pie e .540" Result # of (2)In. From Top (lo)Length
Tube ID "S40 B8 X1 % T.W. Volts Coils Volts of Piece I T.W. in.
Tube 112-5 4.1 4.0 87 4.95 2 1.01 4,025 100 o 5 |
4.7 84 1718
4.9 4.9 96 0.71 1 .09 4.80 Note 8
5.8 5.7 80 2:35 3 4,32 5.380 100 R |
Tube A-111-13 1.2 1.2 23 1.57 2 45 1.0 20 0.25
) | 1.5 96(13) .79 2 1.04 1.3 20 175
2.3 2:} 46 83 2 .59 2.8 29 .037 (9

Notes:

S W

~N O

O 0o

10
11
12

13

Based on interpretation of tapes w/assumed constant pull speed.
Maximum coil voltage

Based on in-laboratory measurement

Locations less than 2.3 inches from top have had 0.15 inches
subtracted from Conam reported locations to account for apparent
non-uniform probe motion.

Cracks too close to resolve by eddy current

Coils were not adjacent

Heavy pitting but no cracks observed. Specimen was not examined by
bending

No cracking - cutting tool damage to I.D.

Up to .148" may have been lost during cutting and mounting for
metallography.

Approximations only.

Crack depths over 80% are administ-atively treated as 100%.

Crack only visible running to cut edge of one half. Length range base
on measured sawblade width of 0.055 in.

EC signal was significantly distorted
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Figure 4 compares the observed length of cracks with predicted ranges
for the number of coils reported by the 8 X | prohe. The data show that in
general the observed crack lengths are consistent with the reported number of
coils, except for two one-coil defects which were longer than predicted.

These defects were probably either misaligned such that a second coil would
pick them up at a level too low to be reported, or manufacturing tolerances in
the 8 X 1 probe caused one-coil coverage to be larger than predicted. By GPUN
plugging criteria, these indications woul” have been combined with adjacent
indications and the tube dispositioned conservatively.

Measured Crack Length, In.

1 2 3 4 b) 6 7 8
# of Coils Detected by 8 X 1 Probe

Figure 4
Measured IGSAC length vs. number of coils by 8 X 1 probe.
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Distribution and Characterization of IGA

Data Base

pData on the size, shape and frequency of occurrence of IGA have been
generated from several previous investigations as well as the 1985 program at
1RC. As part of the present data analysis effort, we compiled available data
from metallography samples reported in the following investigations:

1) First and second round failure analysis at B&W and Battelle -
References 3 and 4,

2) Third round failure analyses at B&W and Battelle ~ References 5 and
6.

3) Long term corrosion test at Westinghouse - Reference 7.
We have reviewed each of these references and extracted reported data on
the amount of tube surface metallographically examined and any IGA detected.

Relevant data from each reference are contained in Appendix A.

Characterization of IGA

A total of twentv at 's of IGA have been detected (Table A-1). Nine of
these areas were within 0.5 inches of an identified IGSAC, while eleven were
more than 0.5 inches away. The bulk of this discussion is based on IGA away
from IGSAC, since this should be representative of the IGA which could
potentially have remained in service in the OTSG's.

, The IGA areas away from IGSAC generally appear bowl-shaped. Figure 5
shows the extent (axial or circumferential length) to depth ratios for the
ICA. The IGA areas near IGSAC tend to be deeper for the same axial length.
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Figure 5
Depth vs. Extent of IGA in OTSG tubes.
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The maximum depth of IGA detected away from IGSAC was 0.013 inches, or
38% of minimum wall. The mean depta was 0.0061 inches, with a standard
deviation of 0,0036 inches. The mean depth of this IGA was 0.011 inches,
standard deviation was 0.039, and maximum depth was 0.020 inches.

The mean axial and circumferential lengths of ICA away from IGSAC are
the same: 014 in. This is approximately twice the mean depth of 0.0061 in.
This confirms the bowl-tvpe geometry of the IGA away from IGSAC.

Frequency of Occurrence of TCA

In Table 5, we have summarized the frequency of occurrence of IGA. The
frequency figures are based on the total length of examined surfaces.

TABLE 5 - Occurrence of IGA in Metallography Samples

Longitudinal Circumferential
Samples Samples

Total Met. Sample Length,
Within 0.5" of IGSAC 3.053 in. 4,347 in.
Away from IGSAC 1.278 in. 81.508 in.
Total 4.331 in. 85.855 in.

Length of IGA Areas,

Within 0.5" of IGSAC 0.106 in. 0.048 in.
Away from IGSAC 0.019 in. 0.150 in.
Total 0.125 in. 0.198 in.

Percent of Sample Length Occupied by IGA

Within 0.5" of IGSAC 3,
Away from IGSAC 1

Average - all samples 2.8 % 0.2 %
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Both overall and in the specimens more than 0.5 inches away from
identified IGSAC, approximately 0.2% of the transverse specimens' surface
contained IGA. Near IGSAC, the IGA-occupied length increased to 0.9%. For
longitudinal specimens, the % of ICA was approximately 3% overall, 3.6 near
1GSAC and 1.5% away from IGSAC.

The logic for sampling the transverse and longitudinal specimens was
different. Most longitudinal specimens were selected based on mounting a
surface feature of interest, such as an IGSAC, stain, or pit. The vast
majority of the transverse specimens, on the other hand, were C-ring specimens
from the long term corrosion test. As such, they were selected to represent a
sample of tubes, heats, and elevations, and thus should constitute a more
representative sample of actual tube conditions. The transverse specimens
also constitute a larger sample than the longitudinal ones; approximately 20
times more tube surface was examined in transverse mounts.

In Table 6, we present the analysis of IGA distribution by height. The
percentage of sample length exhibiting IGA ranges only from 0 to 0.6% - this
is a relatively narrow range. Therefore, within the limited data base the
frequency of IGA does not appear to be strongly dependent on axial height. It
should be noted, however, that we have removed no tubes below the 9th tube
support plate.

TABLE 6 - Distribution of IGA by Height
in Transverse Samples

Distance From Percent of Total Percent of
Primary Face Met. Sample Sample
of UTS, In. Length Exhibiting IGA
0-11 36.9 0.2
11-16 31 0.6
16-24 15.4 0.0
24-70 44.5 0.3
70+ 0.1 0.0

The C-ring samples examined in the long term corrosinn test form a
subset of particular interest. These samples were selected to represent a
variety of tubes, heats, and elevations, away from IGSAC. As a consequence of
the post-test examinations (Ref. 7), these tube sections were thoroughly
examined for IGA and IGSAC.

Table 7 summarizes the results from tubes used for C-ring samples.
Except for tube A-24-94, all ICA was found in the upper tubesheet area in
tubes which also contained rejectable eddy current defects.
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Table 7 - C-Ring Sample Examinations from
Long Term Corrosion Test

Examination No. of

Elevation, In. No. of C-Rings % of Transverse

from Primary C-Laings Containing Length Occupied
Tube Face of UTS Examined 1GA by IGA(2)
A-62-8 5-8 5 1 0.05
A-88-7 10-13 3 0 0.0
A-24-94 25.5-29 5 4 0.8
A-13-63 20-21 2 0 0.3(1)
B-16-22 60-63 3 0 0.0
A-16-69 2-305, 9 4 1 002
B-94-27 18.5-21.5 2 0 0.0
B34-19 6.5=7.5 2 0 0.0

Total 31 3

(1) Includes 1 area of IGA found on full tube specimen taken from tube
next to C-rings.
(2) IGA occupied 0.2% of the total C-ring length examined.

Tube A-24-94 has been previously recognized as a tube with an
inordinately large amount of both IGA and IGSAC (Ref. 9). No reason has been
identified why this tube should be the worst of the 29 tubes removed from the
OTSG's. It should be noted, however, that this tube would have been removed
from service because it contained IGSAC of greater than 40% thru wall
‘penetration.
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ID tube stains do not represent areas of significant
IGA. 1IGA observed under stains is typically less
than .001". Some IGA exists near visible pits, but
it is usually less than 0.005 in. deep.

Visible pitting is small, less than 0,005 inches deep
and wide. Pits of this size are below the expected
detectability for eddy current testing. They are
visible by fiberscope inspection.

IGA areas occupy, on the average, 0.2% of the
examined sample length. Within the limited sample
examined, there appears to be a uniform axial
distribution of the localized IGA.

No conclusion can be drawn from the available data
presented in this report regarding the E.C.
detectability of IGA not associated with IGSAC.

No axial cracks have been detected below the upper
tubesheet region.

Measured circumferential length of IGSAC correlates
well with the number of 8 X 1 coils on which the
signal appears.
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Appendix A
Summary of
Metallographic Samples

From Laboratory Investigations
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TABLE Al - ICA Detected During Metallographic Examinations .
Specimen Type Length of IGA Extent, mils Elevation
Elevation of Sample Length of Documentation
OTSG Tube In. From Top Speci-en(l) Examined, In. Axial Circum Depth Nearest IGSAC Ref. Z!l!!!ilgﬁﬁ Note
B 8-25 1.25 L .041 .014 .019 1.21 4 F 17
11-23 }.23 L - .012 .015 1.25 4 F 24 (2)
146-6 10.5 SEM .027 X .036 .011 .025 10.5 4 F 37 (3)
10.5 L .035 .020 .020 10.5 i F 38 (4)
A 146-8 7.0 SEM .008 X .006 .004 .004 3.75 4 F 49 (3)
8.5 L .035 .015 .004 3.75 4 F 50
A 24-94% 5.5 T .016 .003 L0014 5.5 5 F2-32 (3)
16-22 .125 L . 105 .028 004 Top 5 F2-44
24-94 28 T 2.63 .030 .010 32 7 F7-59
.007 004
.015 .002
28 T 1.46 .005 .003 32 7 F7-59
26 T 2.63 .035 .009 32 7 F71-67
29 T 2.63 .009 . 004 32 7 F7-69
27  ; 2.63 .006 .008 32 7 F7-78
A 62-8 8 T 2.63 .006 .004 a4 7 F7-84
A 16-69 9 T 1.46 .020 016 9 7 F7-105
A 13-63 11-20 T .87 .020 .013 16 7 F7-120
A 111-13 3.6 L 1.0 .013 .013 .005 3.6 2 P15
4.8 L 1.0 .008 .010 4.8 2 P15
Notes:
] - L - Longitudinal, T - Transverse, SEM - SEM exam. of surface

2 - 1GA at end of IGSAC

Mone. vomant taken on surface pit with IGA morphology
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TABLE A2 - Metallography Samples Not Containing IGA

Specimen Type Length of Surface Elevation
Flevation of Examined, In. of Documentation
OTSC Tube In. From Top Specimen Axial Circumferential Nearest IGSAC Ref. Page/Figure

A 12-62 8 3/16 L .085 8 3/16 3 P63
13-63 1 P .060 .080 1.125 3 P64, 65
B 33-30 8 5/8 T b .075 .060 8 5/8 3 P66, 67
A 13-63 26 5/16 2 L .055 .060 27 3 FCl-6
62~-8 11 7/8 p S .060 .060 NDD 3 FG7
133-74 1 . L .060 .060 9/16, 1 1/2 3 FG8
10 5/16 T, L .060 .060 10 11/16 3 FG9
23 5/16 T, L .060 .060 23 5/16 3 FG10-12
32 3/4 Ty & .060 .060 33 3 FG13
35 3/4 L .060 .060 33 3 FGl4, 15
B 33-30 32 1/4 s .060 .L60 8 5/8 3 FG19
A 71-126 53.5 L .020 3 4 F30
54 L .015 3 - F31
A 146-6 8.5 L .130 8.5 4 F35
A 146-9 1.0 L .008 3.75 4 F42b
4.0 L .040 3.75 4 F&7
0.5 L .012 3.75 4 F51
0.25 T .038 3.75 4 F52
A 37-29 110 g P ¢ .028 112 5 F2-31
B 3-19 Top T . 160 Top 5 F2-37
B 16-22 .140 T .075 . 140 5 F2-42
.110 T .192 Top 5 F2-43a
.110 T .128 Top 5 F2-43b
by L .105 Top 5 F2-47
B 16-22 Top L .055 Top 5 F2-45
A 62-8 5 T 2.63 3 7 F7-24
A 37-29 49.5 T 2.63 112 7 F7-25
A 88-7 10.5 T 2.63 6 7 F7-26
24-94  25.5 T 2.63 34 7 F7-27
13-63 21 T 2.63 16 7 F7-28
B 16-22 60 T 2.63 NDD 7 F7-29
62 T 2.63 NDD 7 F7-30
A 16-69 3 T 2.63 A 7 F7-32
A 88-7 13 T 2.63 6 7 F7-38
B 94-27 18.5 T 2.63 14 7 F7-40
A 37-29 50 ; 2.63 112 7 F7-42
51 T 2.63 112 7 F7-44
B 34-19 6.5 T 2.63 NDD 7 F71-46
7 T 2.63 NDD 7 F7-48
94-27 21.5 ) 2.63 14 7 F7-50
A 62-8 6 T 2.63 3 7 F7-52
7 T 2.63 3 7 F7-54
B 16-22 61 T 2.63 NDD 7 F7-56
A 37-29 52 T 2.63 112 7 F7-57
16-69 2 T 2.63 4 7 F7-58
88-7 10 T 2.63 L) 7 F7-65
13-63 20.5 T 2.63 16 7 F7-71
16-69 2 T 2.63 4 7 F7-73
62-8 8 T 2.63 3 7 F7-86
37-29 52.5 T 2.63 112 7 F7-88
A 112-5 4.75 0.090 4.6 7 Pl4
3.2 T 1.75 3.1, 3.35 2 P14
A i11-13 3.3 L 1.0 3.3 2 Pl4
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2.0 METHODS AND RESULTS

2.1 Eddy Current Testing

Personnel from both BAW and GPUN participated in an inspection using the same
equipment and similar test parameters as that used during inspections
performed in June 1982 at the LRC and in situ at TMI-1. A total of fourte.
(14) sections of six (6) different peripheral tubes from the A-OTSG were
examined using two (2) different probes. The 0.500-inch diameter annular
differential probe (manufactured by BA&W) was used at frequencies of 200, 400,
600, and 800 kHz. The 0.540-inch diameter annular differential probe
(manufactured oy Zetec) was used at 200, 400, and 800 kHz frequencies (all
differential) and 200 kHz absolute. The Zetec MIZ-12 system was used to drive
the probes at the selected frequencies. The frequencies, phase angle, and
gain settings used duplicated those used in the 1982 inspections and in situ
at T™™I-1.

Pricor to inspecting the tube sections, the technigues were calihrated using
the same standard as was used in 1982, The standard was rotated at four 90°
increments, giving a total of four scans for each metnod. Using the
0.540-inch probe, the amplitude of the signal response to the 0.052-inch
diameter through-wall hole in the calibration standard was set at 15 volts
peak-to-peak (400 kHz). DOuring calibration, the maximum amplitude variation
was 15.3 to 14,6 volts using the 0.540-inch probe and 10 to 4.2 volts with tre
0.500-inch probe. Since the standard was not rotated during the 1982
inspections and amplitude wi'l vary depending on relative circumferential
location of tre defect, direct comparisons between voitage responses from one
inspection to another should be avoided.

The inspection data were recorded on magnetic tape and later analyzed usinj
the digital data analysis system (DDA-4). Table 1 lists results of the l:#=%
and 1982 inspections performed at BAW. Two tube sections, All2-5 Piece 1 int
A23-93 Piece 1, were not inspected at B&W in 1982, Therefore, results f
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1.0 INTRODUCTION

In late 1984 and early 1985, in situ eddy current testing of the Three Mile
Island Unit 1 (TMI-1) once-through steam generators (QTSGs) revealed new
defect indications in the unexpanded region of many tubes. These indications
had not been observed during previous inspections performed immediately after

the tube expansion operation.

This project was initiated to investigate possible origins of these new
indications. Sections of tubes which had been removed from the QTSGs and were
in storage at the Babcock and Wilcox Lynchburg Research Center (LRC) were
retrieved for re-examination. Laboratory eddy current testing, fiber optics
and visual inspections of the tube inner surfaces, and metallography were
utilized in thie Lzamination, results of which are presented in this report.
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inspections performed by Battelle and Conam in 1981 are listed for comparison.
No indications were observed in the 1985 inspection which were not observed
previously. Slight differences in the axial location of indications exist
between the two inspections and are attributed to different means of measuring
location on the tube at which the indication was observed.

2.2 Fiber Optics Inspection

Each tube section exhibiting eddy current indication(s) was inspected on the
inner surface using an 8 mm Olympus Fiberscope with a 90° head. The tube was
rotated to permit inspection of the entire surface. Results were recorded on
videotape while monitoring them on a high resolution CRT. A summary of
observations made during the inspection is listed in Table 2. Results showed
that an anomaly of some type, i.e. pits, stains, and/or cutter tool damage,
was present at each location where an eddy current indication was observed.

2.3 Visual Inspections and Photography

Two tube sections were selected for destructive examinations based on results
of the nondestructive inspections. Piece 1 of tube Al12-5 was selected since
it contained multiple eddy current defect indications over a small length of
the tube. Piece 1 of tube Al111-13 was selected to investigate a small voltage
indication. The sections were split longitudinally in nalf along pre-deter-
mined axes using both a diamond saw and jeweler's saw. The appearance of the
inner surfaces was cocumented at various magnifications between approximately
7x and 30x using the stereomicroscpoe and 35 mm color photography, while
landmark areas were noted. Photomontages were assembled to reconstruct the
tube sample appearance. Comments made dvring the visual inspections and from
the photographs are listed in Tables 3 and 4. Selected photographs of the
tube samples are shown in Figures 1 through 4. The following is a description
of the samples.
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Tube All12-5 Piece 1

This 10-inch tube section was transversely cut at 7 inches and both pieces
then split along the 120-300° axes. As noted in Table 3, the upper 6 inches
of the sample contained numercus pits, cracks, and stains. Except for darker
brown stained regions, the color of the inner surface was typical of that
observed during the previous examinations (1,2). In many cases, cracks and
scattered pits were associated with the darker brown stained regions, but many
stains were observed without defects. The stains were observed in a variety
of shapes, from single spots to large “patches" with branches in many
directions. All cracks were circumferentially oriented and longitudinal
sectioning had intersected nearly each cne, so the crack lengths listed are
approximate. The pits were approximately 0.005-inch or less in diameter.

Tube Alll-13 Piece 1

The upper 4 inches of this 22.6-inch long tube section was longitudinally
split in half along the 0-180° axes. Table 4 lists the observations made from
the All11-13 samples. The inner surfaces were relatively clean when compared
to the Al12-5 samples, i.e. very few stained regions and scattered pits. when
pits were observed, they were also very small (0.005-inch maximum diameter)
and located within stained regions. No cracks were visible in the Alll-13
tube samples. Figures 3 and 4 are typical photographs showing some of the
minor anomalies present.

The inner surface of both sample halves from tube Alll-13 was placed in
tension in the hoop direction by placing the samples concave side down on 3
flat surface and applying a 185-pound load to the tube outer surface. This
was done to determine whether any non-visible anomalies on the inner surface
would open and become visible. The photographs of the samples after stress: n;
showed no visible change in the appearance of the tube surface.
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2.4 Metallography

Tables 5 and 6 contain details of the metallography performed during this
investigation. Figures 5 and 10 are the cutting diagrams for the samples
from tubes All2-5 and Alll-13, respectively, which indicate specimen
origination. The specimens are described below according to tube number.

Tube Al12-5 Samples

Four small half-ring specimens were sectioned from the region of the 300-120°
sample containing a “tree-like" stained and pitted region on the inner surface
at 1 to 1.5 inches from the top of the piece. All four specimens were mounted
together so that transverse edges could be examined. Three individual grind
increments of approximately 0.005, 0.010 and 0.015-inch were taken into the
specimens, with inspection and photography at each increment. Results showed
that stained regions of each specimen corresponded to areas of superficial
intergranular attack (IGA) of <0.00l-inch in depth. In fact, this corrosion
was barely distinguishable from the as-manufactured pickling corrosion on the
inner surface. Typical photomicrographs of this observation are shown in
Figure 6. A number of shallow pits and depressed areas were observed,
examples of which are shown in Figures 7 and 8. Maximum observed depth of
these regions was scaled to be 0.005-inch, or approximately 13 percent of the
tube wall thickness. Maximum observed surface opening or mouth of a pit was
approximately 0.010-inch. One pit (shown in Figure 8) had intergranular
penetrations extending from its base. In all cases, the anomalies observed on
these four specimens were adjacent to or within regions of superficial [GA.

A 0.145-inch long half-ring specimen was sectioned from an axially oriented
stain containing pits in the 120-300° sample. Incremental grinding steps wer2
also taken througn this specimen, with inspection of the transverse edge at
each increment. Again, the stained region corresponded to superficial [GA
<0,001-inch in depth on the inner surface. A depressed region, possibly
several overlapping pits, was observed at the location where a pit was

observed during the visual 1nspections. Maximum observed depth of this defec:
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was 0.002-inch. Selected photomicrographs of this specimen showing the
depressed region and the superficial [GA are shown in Figure 9.

Tube Alll-13

Two strip specimens were sectioned from 1 to 2 inches from the top and mounted
longitudinally in attempt to intersect the single pits at 1.2 and 1.6 inches.
These specimens are shown in Figure 10 as specimens "A" and "B", respectively.
Successive grind increments were taken into both specimens as indicated in
Table 6.

Nothing anomalous was observed on the inner surface of specimen "A", Figure
11 is a typical photomicrograph of the inner surface and reveals the
as-manufactured pickling corrosion observed.

Figure 12 contains photomicrographs which reveal the “"patch" of IGA observed
on the third and fourth grind increment of specimen "B". Maximum depth of the
[IGA was determined to be 0.005-inch, with a mouth of 0.013-inch. Also on the

fourth increment, an area of shailow surface corrosion (<0.001-inch deep) was
observed at a location 0.040-inch down the tube from the IGA. A final grind
increment of 0.013-inch revealed the typical tube inner surface appearance,
with no anomalies.

Longitudinal specimens "A" and "B" were then removed from the metallograpnhic
mounts and reverse bent about a plane normal to the tube axis (inner surface
in tension) to open any cracks present. I[nspection of each specimen under the
stereomicroscope revealed no cracks in specimen "A", while a circumferential
crack did open at approximately 1.5 inches in specimen "B"., The crack was
approximately 0.135-inch long and intersected a cut edge (approximately the
70° axis). wnila the crack was not 100 percent through-wall, maximum deptn
was not determined, Figure 13 contains photographs of this crack,
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Specimen "C* shown in Figure 10 was sectioned from 2.5 to 3.25 inches and
mounted so that a longitudinal edge could be viewed in the regions of pitting
at 2.8 inches from the top. The first and second grind increments revealed a
circumferentially oriented intergranular crack renei-ating a maximum of
0.010-inch into the tubewall. Photomicrographs in Figure 14 show this

crack an¢ the “cap" of material on the tube inner surface protuding inward
toward the tube center. A single pit just above an area of superficial
corrosion was observed on the third increment. The pit was approximately
0.002-inch deep on this plane of polish, which did not intersect the mouth of
the pit. This indicates the pit was somewhat spherical in shape with an
overal)l diameter greater than it's mouth diameter. Photomicrographs of the
specimen on the third and forth grind increments are shown in Figure 15. The
fourth grinding increment revealed only very shallow superficial corrosion
(<0.001-inch deep), indicating ti: pit was less than 0.014-inch in diameter
(most likely well less).

Strip specimens "D" and "E" shown in Figure 10 were reverse bent in the same
fashion as were specimens "A" and “8". A circumferential crack opened at l
inch from the top of specimen “D" and extended from the 180° cut edge
approximately 0.240-inch toward the 270° axis. The photographs of this crac«
shown in Figure 16 indicate it was less than 100 percent through-wall in
depth, however maximum depth was not determined. No cracks were observed 11

specimen “E" after bending.
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3.0 DISCUSSION

Fourteen tube sections were re-eddy current inspected using similar parameters
and the 0.500 and 0.540-inch probes during this project. As seen in Table 1
amazingly small differences exist between the depth estimated and voltages of
the indizations detected during the present and previous eddy current inspec-
ticns. These differences are well within those expected due to process varia-
tion and are deemed insignificant. With the differences between location of
indication due to method of measurement, it must be concluded that no change
occurred to the eddy current indications as a result of the tubes being in dry
storage in plastic bags for several years.

Subsequent additional eddy current testing was performed at the LRC which
uytilized the more sensitive 8xl probe. In addition to the crack indications
detected in piece 1 of tubes All2-5 and Alll-13 using the differential proc
the 8xl inspection detected more defect indications (results reported in a
GPUN document). Destructive examination of these tube sections during this
project confirmed that the crack-like indications were caused by circumfer-
ential cracks and/or patches of I[GA, Since these tube sections were not
destructively examined during the previous tube examinations (1,2), it could
not be determined whether the dry storage conditions played any role in form-
ing the currently observed defects. It seems doubtful however, that any
growth or propagation had occurred since no change occurred to the eady cur-
rent indications.

In addition to the cracks, many isolated and clustered pits were present
within stained areas in tube Al12-5. These pits were very shallow
(<0.005-inch in depth) and insignificant when comgared to the severe pitti'~,
corrosion which has been observed in steam generat. ibing removed from t-er
nuclear plants.'zﬁ

Due to the small volume of material removed, it is doubtful that the ,'°
present in the ™I-1 tubes would be observed as defects using convent:' .7
eddy current testing methods. Determining the origin of the pits and

in the TMI-1 tubes was not within the scope of this project.
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4.0 CONCLUSIONS

The following have been cuncluded based on the results of this examination of
T™I-1 OTSG tube sections:

» Using the 0,500 and 0.540-ir-h differential probes, no increase in
size of the existing eddy current defect indications in the TMI-1
A-0TSG peripheral tubes was observed as a resu't of being in dry
storage for ¢<:veral years. Also, no defect indications were
observed which had not been observed during e 1982 inspections.

Crack-like defect indications were caused by the presence of
circumferential cracks and/or patches of [GA on the tube inner
surface.
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TABLE 2
FIBER OPTICS INSPECTION SUMMARY

Axial
Tube Piece Orientation Location Remarks
Al13-63 3 Q° 6 Stained area
180° 1.5 Scattered pits, cutter tool damage
2-2.5 Scattered pits
3-3.5 Possible pits
(Scattered pits along length of
section)
240° 1.5-2 Possible pits, cutter tool damage
4.5 Scattered pits
(Scattered pits along length of
section)
300° 4-4.5 Possible pits
All2-9 1 0° 6.5-7 Possible pits
180° 4 Stained areas
270° 4 Axially oriented staining
A24-94 3 180° .45 Possible raised area
2.75 Pits
3 Stained areas
270° 0.5-1 Pits
2-2.5 Pits
2.25 Possible raised area
2.75 Pits
Alll-13 1 90° 1.75 Single pit
180° 1 Possible pits, stains
270° 1 Pits, stains
340° 1 Pits, stains
All2-5 1 30° 2 Possible pits, stains
4-4.5 Pits and stains
g0° 2.9 Pits
4-4,5 Pits and stains
190° 5.75-6 Stains
260-360° 4.5 Cutter too! damage
270° 8-8.5 Pits and spots
350° 3.7% Pits
Az3-93 l 0° 0.75 Pits
200-270° 0.5-0.75 Pits
250° 5.9 Stains

: Inches from top of piece
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TABLE 3
VISUAL INSPECTION RESULTS FOR TUBE SAMPLE Al12-5

Axial Location,

in. from top of tube section Comment s
n.05-0.6 Axial lines of stain containing pits
0-0.2 Tube removal damage
0-0.8 Serpentine stains
0.35-0.9 Patch of stain 1
0.55 Circumferential crack, 0.258-inch (1)
0.64 Pits within stains 2
0.75 Circumferential crack, 0.144-inch (2)
1.0-1.6 Tree-like stain containing pits 5
1.1 Circumferential crack, 0.092-inch %13
1.4 Circumferential crack, 0.210-inch
1.5 Pits within stains (3)
1.6 Circumferential crack, 0.123-inch (2)
17 Circumferential crack, 0.060-inch :

pits within stains (3)
Circumferential crack, 0.072-inch (1)
Circumferential crack, 0.196-inch (3)
Circumferential crack, 0.185-inch
Axial line of stain containing numerous
Circumferential crack, 0.143-inch (1)
Circumferential crack, 0.205-inch (1)
Circumferential crack, 0.263-inch (3)
Circumferential crack, 0.232-inch (1)
Circumferential crack, 0.252-inch
Pits within stains

Pits within stains

Patch of stain (1)
Circumferential crack, 0.255-inch
Pits within stains

Tube removal damage

Pits within stains
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(1) Crack observed on both halves after sectioning; crack length obtained by
adding dimensions from both halves.
(2) Crack observed on 120-300° half.

(3) Crack observed on 300-120° half.
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TABLE 4

VISUAL INSPECTION RESULTS FOR TUBE SAMPLE Alll-13

Axial Location,
in. from top of tube section

Comments

0"1.0
0.84

9

8
-3.8

[Pl S
w oo O

Tube removal mandrel marks
[solated pits

Isolated pits

Isolated pits

Stains containing pits
Stains containing pits
Scattered single pits
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TABLE 5
METALLOGRAPHY RESULTS FOR TUBE All2-5

Specimen

Axial 1 Designatéon- Grind 3
Half, cw Location Type [ncrement Observations
300-120° 1-1.2 Al-T ~ 0.00% Surface IGA in stains,

<0.001" max. depth
~0.010 Surface [GA in stains,

<C.001" max. depth
~0.015 Surface IGA in stains,

<0.001" max. depth

1.2-1.3 A2-T ~0.005 Surface [GA in stains,

<0,001" max. depth;
intersected crack at 1.2"

~0.010 Surface [GA in stains,
<0.001" max. depth

~0,015 Two single pits, 0.002" max.
depth; surface [GA adjacent
to pits, <0.001" max. depth

l1.3-1.4 A3-T ~0.005 Two adjacent pits, 0,001
max. depth; surface [GA
adjacent to pits, <0.001"
max. depth

~0.010 Surface [GA in stains,
<0,001" max. depth

~0.015 Single pit, 0.005" max.
depth, IGA at base of pit;
surface [IGA adjacent to it

1.4-1.5 A4-T ~ 0,005 Surface [GA in stains,

<0.001" max. depth

~(J,010 Surface [GA in stains,
<0,001" max. depth

~0.015 Surface general corroston,
0.002" max. depth; two
single pits, 0.002" nax.
dept

; Measured from top of piece

3 T: Transverse views
Incremental amount of naterial removed, in 1nches
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TABLE 5, cont'd.
METALLOGRAPHY RESULTS FOR TUBE All2-5

Specimen
Axial 1 Des1gnat§on- Grind 3
Half, cw Location Type [ncrement Observations
120°-300° 2 7/16- B-T 0.035 Surface IGA in stain,
2 3/4 <0.001" max. depth

0.005 Several overlapping pits,
0.002" max. depth;
surface IGA in stain
adjacent to pits, <0.001"
max. depth

0.002 Surface IGA in stain,
<0,001" max. depth

0.014 Surface IGA in stain,
<0.001" max. depth

0.012 Surface IGA in stain,
<0,001" max. depth;
intersected crack at 2.3"

é Measured from top of pilece

3 T: Transverse views
Incremental amount of material removed, in inches
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TABLE 6
METALLOGRAPH! RESULTS FOR TUBE Alll-13

Specimen
Axial \ Designation Grind 4
Half, cw Location Type [ncrement Observations
0-180° 1-2 A-L (1.2") 0.019" Typical 1D surface appearance
0.023" Typical [D surface appearance
0.015" Typical [D surface appearance
1-2 3-L (1.6") 0.073" Typical ID surface appearance
0.014" Typical 1D surface appearance
0.011" “Patch” of [GA, 0.005" max.
depth, 0.013" mouth
n.C0os" “Patch® of [GA, 0.005" max.
depth, 0.010 mouth; surface
corrosion 0,040" velow [GA,
<0,001~inch deep
0.01 Typical D surface appearance
2 1/2 - c-L (2.8") 0.093 (G Crack, 0.010" max. depth;
3 1/4 surface [GA adjacent to crack,
<0,001" max. depth
0.023" "Patcn” of [GA, 0.008" max,

deptn, 0.005" mouth; surface
[GA adjacent to crack, 0.002"
max. depth

0.014" Single pit, 0.002" max. depth,
0.002" mouthr,; surface corrasion
0.030" nselow pit, 0.002" max.
depth; surface [GA between pit
and general corrosion, 0,003"
max. depth

0.013" Surface general carrosion,
0.002" max. depth

Measured from top of prece
L: Longitudinal views
Incremental amount of material removed, 1n 1nches

“w N e
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ABSTRACT: STATEMENT OF PROBLEM

During eddy current examinations of the TMI-1 OTSGs the percent
thru wall penetration of a discontinuity is determined by
measuring the signals phase angle and using a conversion curve
to determine the percent thru wall. The traditional curves
used for this purpose are designed for outside diameter dis-
continuities. For inside diameter discontinuities the percent
thru wall determinations are obtained by extrapolation from
the outside diameter curve. This traditional extrapolaticn tend’
to overcall small volume inner Ziameter discontinuities. The
presence of inrer diameter initiated, intergranulay stress
assisted crac': (ICSAC) in the TMI-1 CTSCs has required CPLN
to develop a more accurate means of assigning the percent thru
wall volumes.

METHOD
The traditional inner diameter conversion curve was enhanced
using supplemental data from EDM notches with various kncwm
depths. This data was used to develop a conversion curve which
more accurately represents small volume, inner diameter
initiated discontinuities. The accuracy of the enhanced curve
vas verified through metallurgical correlations using actual
IGEAC samples.

THIRD PARTY REVIEW
In order to confirm the technical adequacy of the methodology
used in establishing the GPUN inner diameter curve, an indepen-
dent third party review was performec. This review was per-
¢ormed by a Level III certified individual and concluded the
methodology utilized was accurate and satisfactory for GPUN's
application. A copy of this report is included as attachment

1 to this TDR.

CONCLUSION .
The traditional eddy current conversion curves overcall the
percent thru wall of small volume inner diameter initiated
defects such as the IGSAC present in the TMI-1 OTSSs. The use
of the enhanced inner diameter conversion curve permits CPLN
to more accurately determine the percent thru wall of the
IGSAC which is detected during eddy current examinations.
e A00000 10 &-83
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INTRODUCTION

GPU Nuclear utilizes a stancard differential eddy current technigue to
examine the tubing in the TMI Once Through Steam Generaters (OTSGs).
Discontinuities present in the tube wall distort the eddy current field and
produce signals which are analyzed to characterize the extent of tube wall

degradation.

The analysis of the eady current signals is performed by evaluating tne
amplitude anc orientation cf the signal. The amplitude of the signal
indicates the volu~e of the giscontinuity and is measured in volts. The
orientation of the signal is measured as 2 phase angle and indicates the
origin (inner giameter or outer diameter) ang gercent througn wall
cenetration of the giscontinuity. This method of analyzing the edgy current
signals is called Phase Analysis. [n this proless, d certified cata analyse
measures the phase angle of the eddy currant signal in degrees. The pnase
angie measurement 15 tren applied to a conversicn surve ang the origin ans

gercent through wall genetration of the dJiscontinyity are determineq.

The basis of the traditional conversicn c.rve ~as peen tne ASME cose "3
ASME code delineates the rarameters far aszcabiizhing a zurve for

discontinyities originating cn the sutside giameter of the tuding. I°T.it
practice has oceen to extrapolate this cutside 2iamerer cyrve to provize 3
linear curve for aiscantinuities of 3-100 percent througn wall originat =;

on the inside 3iameter cf tre tude wall (See Figure 1)
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The discontinuities present in tne T™MI OTSGs are very tignt, intergranuiar
stress assisted cracks (IGSAQ) originating on the inner diameter of the tubde
wall and are therefore not well represented by the traditional curve wnich

tends to over call small volume inner diameter discontinyities.

'n order to establish a more accurate convg-sion curve for the specific
discontinuities present in the TMI OTSGs, the traditional curve was enhanced
through the use of supplemental reference points. These supplemental
reference points were based on the eddy current responses from synthetic
defects (EDM notcnes) placed on trhe inner gdiameter of inconel tubing
representative of the actual CTSG tubing. The analysis of the eady cur-ent
responses from the EOM notches provided known and measured intermeliate
points for defining the inner Jiameter conversion cyrve. This data grovices
intermediate reference ocints ¢f 20, 47, §). 3~3 30% tnrough wail (nominal)
sermitting the cevelcpment of a nultisoint curve representing inner giaTerar

originated discentinyities.

The use of this enhanced conversion Curve enacles JPUN O more accurate'y
determine tne percent througn wall penetraticn of inner gilameter
discontinuities wnich easures ingicatians of 40% through wall or jreater are
aroperly dispositioned. In 300‘tion, discontinuities af less chan 470

through wall :an 2e monitored for future change.

s
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As part of this analysts, the accuracy of the curve was verifiad using
actual IGSAC samples. This verification was made by correlating the actual
percent through wall, as getermined by metallography, witnh the assigne¢ eddy

current percent through wall, as getermined from the anase angle measurement

METHOD OF CURVE DEVELCPMENT

Using phase analysis techniques for eddy current analysis, the Jepth of
penetratisn (percent through wall) and origin (inner gdiameter Or Cuter
diameter) of 4 discontinyity Can Ce getermined. This dJeterminaticn is made
by analyzing the cnase angle (orientation) of the eddy cyrrent signal ang

converting the phase angie into a percent througnh wall getermination.

Quring the examination of CTSG tubing, inner ziameter criginates
discontinyities produce eadcy current response signals witn orase ang'es
which occur over a 30 degree range. This range af pnase angles is dounced
by a 10C% through «all hole which is set for 40 zegreet anl relresents t7e
upper limit. The lower limit is boungec Dy orooe motion ang non-relevant
tube noise wnich represents the insice surface of the tupe. Tnis price

motion and tube noise has been measured at aporaximately 120 cejrees

By contrast, digcontinuities which originate on the outer jiameter 3¢ ° =

e Tkt

tube result in eady current responses with pnase angles from tre 1.L%

- e

through wall hole at 40 degrees to approximately 110 zZegreas 07 a .

‘e
e

R A e
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through wa!l discontinuity. This ohase relationsnip allows the Zata analyst
to determine the origin of part through wall giscontinuities up to
approximately 80% through wall. Above this point, the influence of other
factors such »< disccntinuity shape and volume pronibit making accurate
determinations of the discontinyities origin. GPUN therefore
administratively gispositions discontinuities above B0% through wall as 100%

through wall.

The narrow phase spread for the inner diameter giscentinuities is relazively
constant and no significant improvement was acted during a review of the
existing 200, 400 and 800 KKz cata. The innerent limitations of this narrow
phase spread require the use of conversion curves and evaluation techniques
capable of providing the highest degree of accuracy and repeatapility which

can be obtained.

The development of a conversion curve capable of providing accurate percent
through wall determinations requires using §=3n3aris «nicnh accurately
represent the actual giscontinuities. The discontinuities oreviously
identified in the TMI QTSGs are characterized as oeing very tignt,
intergranular stress assisted cracks (IGSAC) coriginating on the inner
diameter of the tube ang prcpagating n 2 cir- mfarential manner (See IR

341).

(N
.
bar
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Utilizing the EOM notch standards which were originally used to qualify the
eddy current test program presently being implemented at TMI (See TDR 4230
a conversion curve representing small volume inner diameter originated
discontinuities was developec. (See Figure 2). This initial curve was
developed by plotting the “Least Squares Fit" of the eddy current signal
phase angles from EOM notches of 20, 40, 60, and 80% through wall (nominal)

with arc lengths ranging from 060 to 1.00 inches. (See Appengix A).

This EDM notch curve revealed that the traditional conversion curve for
inner diameter originated discontinuities was overly conservative ang 3id
not provide accurate percent through wall geterminaticns. The EOM nctch
conversion curve offered a substantial increase in the accuracy of percent
through wall determinaticn, however, the hyperpolic shape of the curve

prevented using the existing autcmated cata evaluation system,

The existing data evaluation system, tne Zg:ec DODA-4, offers computerized
phase analysis of eady current signais ang provides a mechanism for
accurately and efficiently determining percert through wall vaiues.
However, the ODA-4 is limitea to a !inear inrer giameter conversiae Curve

and. therefore, could not reagily utilize the EDM notch conversion Curve

(See Appendix 8).
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The benefits of utilizing the DDA-4 warranted further investigation to'
develop a conversion curve which could combine the accuracy of the £DM notch
curve with the data analysis capabilities of the DDA-4. In crder to provice
a means of implementing an accurate inner Jiameter curve using the DDA-4, 2
linear approximation of the EDM notch curve was develcped. This
approximation was developed as a linear function using the 100% through wal
hole in the ASME calibration stancard to bound the upper Iimit at 40
degrees. The lower 1imit was estaplisned using the signais from proce
motion and tube nols: which occur at approximately 10 degrees. (See

Figure 2).

In addition to providing a means of utilizing the DDA-4, the |inear
approximation also provides an agaitional leve! cf conservatism over the IOM
notch curve for indications 40% through wall or greater. This agagiticnal
conservatism accounts for variaticns in sizing actual discontinyities versus
sizing yniform geometry synthetic defects and assures discontinyities from

40 to 100% through wai! will be properly aisgositioned

For discontinuities which are igentifieg as te'ng '2ss than 40% tnral3”
wall, no 7Turther disposition is required. Tubes with diszentinyities N

this range are categorized as “deqragec” t.tes ing are moONIIIrec .t

subsequent examinations.
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The assigned percent through wall values for this subset tend td De lcwer
than the actual percent through wall penetration, however, the assigned
values are utilized for data base management only. Although fre assigned
percent throunh wall values are lower than the actua! values, the assignes
values can be used to effectively monitor ingicaticns for changes in phase

angles.

METHOD OF CURVE VERIFICATICN

The accuracy and repeatasility of the GPUN inner giameter conversion curve
was verified using two different types of data. These verificaticns were
pased on data obtaineg from metallurgical correlations and from the

previously identifiea EDM notches.

The accuracy of tne GPUN inner ciameter conversion curve for the specific
giscontinuities in the TMI OTSGs was verified through metallurgical
correlations of actual IGSAC samples. Trese metallurgical correiations were
performed by comparing the actua! IGSAC percent tnrougn wall, as determired
by metallography, #ith the assigned eday current cercent through wall, as

determined by the GPUN inner diameter conversion Curve.

*he correlation inzluced actual 1GSAC samples wnhich were oreviously remcves
from the 0TSGs ang 'atcratcry induced IGSAC samples. The sample of remcved

tubes included all jvailagle samples from belocw the upper tube sheets, 3
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available part through wall sampies anc additional 100% through wall samples
from within the upper tube sheet. I[n addition, to these removed samples,
two samples of TMI archive tubing with laboratory inguced oart throuan wall

IGSAC were included. (See Appendices C and E).

To graphically illustrate this correlation, the eddy current assigred
percent through walls were plotted against the actual percent through walls,
as getermined by meta’ lograpny as shown in Figures 3 and 3a. These plots
verify the GPUN inner diameter curve provides a more accurate means :f
determining percent througn wal'! far actual IGSAC samples than tragitioral
conversion curves. Appendix E has been adced to provide the statistical

evaluation of this correlation.

The GPUN inner diameter curve was further analyzed using the previcus!'y
mentioned EDM notch standaras to ser'fy the reliapility and repeatadi' ty of
the overall examination technigues. The analysis was perfarmed Dy evamining

“he same £OM notch stangards used to devel!2p tne "ECM Notgn' cur.e

The examinations consisted of scanning eacn of the stancards four times.
rotating the stancard 90° between eacn scan. This methnod of scanning
subjected each notch to "mesP case ang "wCrst case’ orgpe orifentatit Tl
simylate the efects of probe passage curing in-sity eraminations. e

examinations were then repeated using a different prope to account for
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variations in probes. The probes were designated 3 and C and the cata
collected was identified as Data Sets B ang C. Data set A was used for the

initial screening as described in Appendix A.

The eddy current percent through wall geterminations were then plotted
against the actual percent through walls to determine the repeatability of
the examinations. The resulting cata plots showed an average overcall fer
indications 40% through wail or greater. This average overcall ingicates
the conservatism GPUN acded by using the linear approximation can te

maintained during repeat examinations. (See Figures 4 & 5 and Appendix O)

CONCLUSIONS

The inner diameter conversicn curve qualified rerein provides a more
accurate means of dispositioning inner 31ame=2r initiated, intergranular
stress assisted cracks (IGSAC) than rragiticnal conversion curves. The
implementation of this curve will enmrarce GPUN'3 e3dy current capacilities
and ensure the IGSAC indications identified durinrg OTSG egdy current

examinations will be properly dispos:tionec

In addition to providing the apilit, =2 oroge-’ s g'igosttion
discontinuities, the conversion curve <an be impiemented using tre exist'ng
data analysis technigues. Maintaining tnis caontinyity in analysis
techniques, enaples SPUN to monitor rubes with indications (Jegrageg tutes)

during subsequent evaminaticns.

[
.~
(9
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FIGURE |
TYPICAL EDDY CURRENT CONVERSION CURVE
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FIGURE 2

INNER DIAMETER CONVERSION CURVES
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FIGURE 3a
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FIGURE 4

GPUN CONVERSION CURVE US NOTCH SAMPLES
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FIGURE S

GPUN CONVERSION CURVE VS NOTCH SAMPLES
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£00Y CURRENT STANDARDS AND EQUIPMENT USED FOR QUALIFICATION

The standard differential examination technique used to examine the T™™I-1 Q7SG
tubing utilizies a letec MIZ-12 test system operated at a base frequency of
400 KHZ. The eddy current probes can be either a .510" or .540" diameter

operating at normal or high gain.

To reduce the numper of examinations required to qualify the inne- glameter
conversion curve for use with the different probes and gain settings, *he
technigues were compared using both an A.S M.E. standard and a £.0.M. notch
standard. The results as shown On Figure A-1 confirm that the pnase angle of

the eddy current signal is not affected by varying gains or prote diameters

As a3 result of this comparison, the remainder of the qualifization was
perfcrmed using the asg'icagle portions of tne existing 540" High Gain

examination procedure (1300-48/42-EC-C€8).

The qualification program used nine standards naving electro-gischarged
machined (EOM) notches  The depth of the notznes /ariad between 17% o 1.5%
through wal! penetration with a neminal width of .JCS". The notcmes were
-ircumferentially orientatec with arc lenjths from .06C" ¢ 1.2C0°. <

addition, one stanzard (TMI-ET-110) ~ontained .060" ‘z2ngitudinal notires

(See Figure A-(.
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Prior to using the fabricated tube stancaris for establishing a qualificaticn
program, it was necessary to review the eddy current responses to ePsure the
eddy current signal was not peing influenced by tube abnormalities. This
review was conducted on each of the 31 notches. As a result of this review

the follou}ng notches were deleted.

1. E.T. Std. No. - T™I-ET-112 -  .100 « S6%

100 x 79%
- 48 E.T. Std. No. - TMI-ET-111 - 060 x 17%
3. E.7. Std. No. - TMI-ET-113 - 187 x S7%

The above notches were deleted due to signal distortion caused by tube noise,
manufacturing, and/or handling. Figures A-3. A-3, A-S are photos of the edcy

current presentation.
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PHASE ANGLE COMPARISON AT 4Q0KHI
STANDARD EDDY CURRENT PHASE ANGLE i
(Measured in Degrees)

ASME Standard (0.D0.) 810 .510 . 540

S/N 92311 Normal High High

Flat Bottom Holes Gain Gain Gain

1002 T.W. 40 40 10

.

80% T.W. 75 'S 78

60% T.W. 32 92 92

a0% T .W. 113 113 113

20% T.W. 121 122 121
£.0.M. Notch Standard (1.0.) .510 .510 .S540
S/N TMI-ET-114 Norma'! High Hign
Circumerential Nctches Gain Gain Cain
80% T .W. 33 18 i3
0% T .W. 30 30 30

40% T.W 25 P 27
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Filgure A-2

LIST OF TUBE STANDARDS

STANDARCS NOTCH LENG™H NOTCH DEPTH
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~

OO C o
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YOO ¢
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TMI-ET-116

'SAEEER
WO o

'MI-ET-‘ ' /.

e I

C - Circumferential
L - Longitudinal

£ddy Current Stangar3 Certification cacxages ire on £il
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Figure A-3

Eddy Current Tube Sample S/N TMI-ET-

nterferin

The above flaw lissa)
trace does not Cross
trailing lobe

Eansme |
orms




TOR 642
o] -
Key. ¢

Appendix A

ha )
3

iqure Ald

£ddy Current Tube Sample S/N TMI-ET-11]

“we above 17% notch is Delow the 3Jua Fiap *hresnoll of Jetectcn aed 13nrCt
be isolated from tne tuoe nolse

I
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Figure A-S

€ddy Current Tute Sample S/N TMI-ET-113

Notch 187" x 57% ID

-~

The above flaw lissajous pattern is being distorted due <O
interference from a gent.

(")
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!ntrgﬂggt‘dn

The eddy current data collected during TMI OTSG tubing examination is recorced

on magnetic tape and analyzed "off line" 9y a certified Data Anaiyst.

The data analysis process is carried out using both the conventional Zetec
Miz 12 analog system and the Zetec ODA-4 digital system. In this process. the
gata analyst reviews the 20dy current Jata on an oscilloscope and identifies

potential defect signals.

Once a potential defect is icentified, the portion of the data cocntaining the

signal is entered into the DDA-4 analysis system for further evaluation.

The purpose of using this two step method of gata ana'ysis is to maintain tne
sensitivity of the anaiog oscilloscope t~- igentificazion of potential sefac:s

«hile providing the additional analysis capapilities of tne 00A-4.
Method

Prior to starting the review of the edgy current gata. tne Jata analyst
reviews the calibration standard which S recorded at the start =f eacn
magnetic tage The anaiyst enters the phase ang'es from the calipraticn
standard into the JDA-4 ing the phase angle versus percent through wall
conversion curve far cutsige giameter giscontinuities is automatical'y

developed. The deveizoment >f this cinversion curve ig preprogrammes a3
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pased on the outside diameter flat bottom noles contained in the "ASME"
standard. The inner diameter portion of thé curve is automatically
extrapolated from the 100% througn «all hole to zero. By shifting the
location of the through wall, phase spread of the extrapolated portion can de

varied.

The proper orientation of the shrough wall nole is determined By the angle cf
the probe motion, which should occur horizontally. Ouring examinaticn of <re
TMI OTSGs. the separation of the probe motion and the 100% through wai’ ro'e

is 30° and therefore inner diameter discontinuities wili have pghase angles in

this range. (Figure 3-1 shows a typical conversicn curve for the TMI QTSGs.)

With the calibration stancard information entered into the DDA-3, the
conversion of phase angles %D percent througn wall can pe accompiished

automatically using tne oreprogrammed vector anaiyzer.

In orger to determine the percent INrIu3n «a'1 of a 3iscontingity, toe 23173
analyst isolates the eddy current signal on tne screen. The signal can tren
be expanded to permit the analyst to more aCcurately se‘ect tre agCrodrate

points for signal measurements.

Once the appropriate coints are selected, the ghase angle measuyreme~t, © 373
amplitude and percent through wall are gisplased. The eady currert 57373 379

all pertinent information can then De printed as a harg c2py cr ne
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information, including the eddy current signal can also oe recorded on a data
diskette. (Figures 8-2, 8-3, and 8-4 show typical eddy current signals as

analyzed using the DDA-4.)

At present the eddy current signals ang evaluations are neing maintained us'rg
data sheets and are supplemented by the hard copy printauts. The data is then

manually input into the TMI Eddy Current Data Base System.

Should GPUN decide to utilize a 3irect input data base in the future tnhe OCA-3

generated diskettes can provice the girect input mechanism.
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Figure 8-2
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!!t!ll!rgi:l\ Correlations

GPUN utilized metallurgical correlations to verify the accuracy of the
enhanced inner diameter conversion curve. The metallurgical data usel *cr
these correlations was extracted from TOR 423, Appendix A and TOR €86. Tne
eddy current percent through wall determinations were made by re-analyzing
existing eddy current data using tre present data analysis technigues and

the GPUN inner diameter conversion curve.

The eddy current analysis was completed using the technigues desc-ibed 'n
sppendix 8. In using these technicues the cata was recorded on a curve
which extends from 0-30°. The data was then normalized Dy agding 10° t2
cermit correlations with data which was reccrded on & curve from 10-40°

This normalization maintainsg consistency with the remainder of the anal/sis
which was recorded on a 10-4C° curve as sncwn on Figure #2 in the 2c2y cf
this report.

The IGSAC samples utilizeg for the correlaticns consisted of ladoratsry
inguced IGSAC samples and tubes which were grevicus!y removed from tne "MI-’
OTSG's. The [GSAC was craracterized in TOR 34) as being very tignht, nre-

diameter initiated and cr:oibat'ﬂ; 'n & sircumferential manner.

Figure C-! is a summary cf the e3dy current varius metallurgica:
correlation. Figures C-2 *hrcugh C-13 are examples of hard copy Printiuls
detalling the 2ady current signal analysis as performed using tne

letec DDA-Z
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Figure C-1

correlation of Eddy Current Percent Throughwal!
versus Actual Percent Throughwall

Data from TOR 423

Tube Location From Metallurgical Eddy Current €44y Current
obs Numper Top (inches) Depth Depth Phase Angle
(Normalized)
Laboratory Induced IGSAC

! Sample 23 4.0 38% 1% 22°
2 Sample 24 4.3 54% SI% i
JTSG Pulled Tubes

3 A-112-7 10.7 66% S8% 30
4 A-146-38 4.0 0% 8% 34
5 A-24-34 12.8 70% 100% 39
6 A-24-34 4.0 100% 100%°* 46°
7 A-133-74 32.0 100% 0% 37°
8 A-133-74 33.0 100% 100%° e

9 A-11-66 11.6 100% 100%° 44°(mix)
10 A-146-6 3.5 100% 100%° §2°
" A-13-63 26.8 Q0% 1J0%* ey
12 A-10-29 7.6 100% 93% 18°

Data from TOR £36

Tuce Location From Meta'lyrgical gagy Current Eddy urrent

Number Top (inches) Cepth Cepth Praze 2~g'e

(Norma'‘Zed!
13 A=111-13 <0 23% | s
14 A-112-08 1.4 100% 100%° €1’
15 A-112-08 2.4 100% 100%° 53°
16 A-112-0% 2.9 100% 120%° go"
17 A-112-0% 4.1 - 100% 130%° s’
18 A-112-08 S.8 190% 190%° g

*  The measured phase angles identify these signals as ceing Juter 3'imeter
83 to 97% through walil giscantinuities. GPUN agministratively cori 2275
indications greater t in 30% through wall, inner giameter =r 2uLt2r

diameter. to be at or "e3r “C% througn wa'll.
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Figure C-13
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Figure C-6
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Figure C-7
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Figure C-8
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Figure C-3
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Figure C-10
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Figure C-11
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Me thod of Data Analysis - [ntroguction

In performing £ddy Current Evaminations on tubing similar to what 's
installed in the Three Mile [slangd Unit | Once Through Steam Generators
(OT§Gs) the analysis of the standard differential eddy current response
signal indicates the magnitude of a flaw that may be present in the tase
material. The eddy current sigral ana'ysis is quantified By recording tne

signais amplitude in voltage and the phase angle measurement in degrees

The voltage s relatec to tne flaw 5 total volume and the phase ang'e 's
related to the flaw s penetraticn in the Dase material. [t is the sectn of
the flaw that ultimate'y cetermines the disposition to remove steam

generator tubing from cperating service.

*he Ingineers at GPUN hase recognized that the traditicnal formula usec t2
getermine the flaw 5 penetration, cerived from the phase angle measurement,
consistently cvercalls the depth of small volume inner giameter flaes (7
order to understand the degree of o«Q':a" that has been reported during
fddy Current Examinaticns u;1n§ the tragiticnal pnase angle tO fercent
through wall conversicn process. a cantro! tesc was Jerformed to COrre 372
the actua! values of tmall volume "“7er siameter flaws ang the “2rresic s §

Eddy Current onase ing'es

This data from EOM Notcnes was used I3 Jrcersting the true reiaticnstio

1

between phase angle ang dercent INrough wa!l genetraticn for steam gjere-atir

subes and $o mccifs Tme orocets TRaT leterning; £1aw ceotn during the
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standard differential Eady Current Examinations on the ™[.! OTSGs. This
report discusses the method of cdata anmalysi§ that was used 'n the

qualification of the modified conversion curve.

ta Set

The data recorded for EDM notches, percent through walls and the
correspongding phase angles, w~as collected in two data sets labe!'ed B ang
C. These sets were run ingepencent of each other while the control of the

process for the two sets was igentical. (See Tadle 0-1)

The data recorded for the metallurgical samples was obtained by reanalyzing

prior data and was 'abelleg data set D

A scattered plot sncwing the re'ationsnip neteeen fercent TNrough wa @ anc

-~

the standard differential phase angle «as crepared from Jata in sets 3 an3 .

The data values for the 100% through wa'll notines were el 'minates €rom t7e
plot because the notches were macnined from tne t.te s outer giameter "¢
phase angle response from outer diameter machined notines was influences o,

the resulting geometry and tiased the Jata set.

By eliminatirg the '00% through wall notch data, the plots provicgea a
graphical illustration of the function that relates inner gtameter cer 2"
through wal's at var'cus 3Jegtns I3 corresponding signal ghase ang'es )
pattern of the jcattered olats f3r cat 8 ang T formeg a nyseroolic snace

(See “rjures J- L C-l
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Line gf !!St Fit

For each percent through wall less than 100% the average phase angle valye
was calculated. The metnod of least sguares for a nonlinear relationship
was applied 'n order to determine and plot the line of best fit to the data

represented by the percent through wall vs average prase angle values

The line of best fit served as a reference curve to the predictes alues
The two lines of best fit for data set 8 anc C exhibited close agreeament 'n
the equations that satisfy tne !ines

data set 8 yo1.778 o .6482(1) o 034925( )%

data set C y « 80516 « .72137(x) » 032734<.)2

A linear relationsnis was deve oped ty v't.e of the 40 gegree, iCC% throug”
«d]! requirement; on the upper bound ang tme '0 cdegree, eddy current prote
motion as the lcwer dound. This linear fu~ct'on was COmpared to tre
reference curve for gest fit in orger tO estal 'ih the lejree of certaingy

- a

of maintaining coverage. (See Figures U-' & C-2

carrelation

To show the variant in the ajreement Detween percent Thriugn wd ||
determination mage f-ocm tre propcsed 'inear 'ine and the eddy lurrent
assigned percent through wail f-om the EOM natches, a correlation »as

ascablished. Far znase 373’2 Meaturements recorded during the e30: I.roant
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analysis of data sets 8 and C, the corresponding percent through wall from
the !inear line was determined. Shown In Table D-2, "phase” represents the
measured phase ang'e from the inspection of EDM Notches from data sets 84C
“TW1" represents the carresponding percent through wa'll calculated from the
GPUN conversion curve Dy using the measured phase angle. “TWB" an3d “THC"
represent the actutal percent through walls from data sets 8 ang C,
respectively. A plot of the SPUN conversion curve assigned through wa'!
values vs the actual percent througn wall s sNCwn in Figures 0-3 arg 0-32

The 45" line represents 100% correlation.

For GPUN to demonstrate the pragosed conversion curve is conservative, the
conversion curve must overcall the a~tual percent through wall values The
average overcal! far ingications 40% througn «al] or greater was 3.5 and a3

for data sets 8 and C respectively

The above average values were getermines oy calculating the mean for the
4i€ferences between the actual ang GPLN convers’on curve assigres (alues

(See Figures D-5 angd 0-6)

Note Because percent enrougn walls 'ess tran 12 are considered nonre ei1*%
ingicaticons dur'ng Oroguctinn erxaminations, ene 3a%a for less *TiT
20% was deleted
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FIGURE D-2
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FIGURE D-4
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CONVERSION CURVE VS NOTCH SAMPLES
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APPENDIX E

METALLURGICAL VERSUS EDDY CURRENT
EXAMINATION, STATISTICAL EVALUATION
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Metallurgical Versys Eddy Gurrent Evamingtion, Stas'stical Evalyatisn

Included in this appendix are the statistical results for the comparison of
the actua! depths of IGSAC as getermined by metallograghy, to the eddy
cyrrent assigned depths as getermined by phase analysis. This statistical
evaluation, whicn includes a total of eighteen (18) data points is intended
to confirm the accuracy of the GPUN inner diameter conversion curve for
sizing inner diameter initiates 135AC

The 18 data points are evaiuated 'n 2 data sets jaentified as "R" an3 "1’
Data set "R* includes all the Jata scints contained in Appendix C.

Figure C-1. Data set “1* i5 a subset of "R" which contains the sampies
which were reported oy metallography to te 20% to 70% through wa!!l. "h'3
subset represents the greatest area of interess for gispositioning the C755

tubes.

The analysis was performed to quant'fy the aifference Tetween the as%.2
percent tnrough wall values (Actual Cepth) ang the ecdy current ass'jnec
percent througn wall values (ECT Degth). Tre anaiysis was performed us' "3

B

the values snown In vaples E-1 ang E-1 for cata sels ‘R* ang “1

respectively

The analysis ‘nciudes a jerermination of e Mean giffarence ang tne
standard deviaticn  Trese (alues are summarized Deicw along with @
- .';u

comparison of the tame /aiues Jnich werd eet-actes from Apgendgi s o PR

notches
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Cemgar'son of Statistics for
20-100% Through wall Discontinuyities
EOM Notches © Actua! IGSAC Samples
Extracted from App. D Data Set R

Data No. Mean One NO. Mean QOne
Set pPTS Difference Standard OPTS Difference Stancard

(Percent) Diviation (Percent) Diviation
Delt 8 80 2.4 10.13
Delt C 80 s 1.8 10.010 8 « 1.67 8.3

Comparison of Statistics for
20-702 Through wall Discontinuities
EOM Notches Actua' IGSAC Samples
Extracted from Agp O Data Set |

Pata NO. Mean Qne NO. Mean Cre
Set OPTS Difference Standard DPTS Difference Stancard

(Percent) Diviaticn (Percent) Diviation
Ce't 8 R e 2.76 3.74
felt C LY) » 1.59 3 34 3 7.83 183

Note: A positive mean ingicates the €agy Current overcalls tre actual
gepth A nejative mean would ingicate an yndercal! by Edgy Current

The result of this compariscn gemonstrate the GPUN [ O canversion Seerta i
the depth of both EDM notcnes and actua! IGSAC. The comparison further
gemonstrates agditional conservati=m is incluced for the 20-70% thri. .7 =4
region as 'S indicated by a 7 8% mean avercall for the 6 data po'nts T84

set “1".
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Comparison of Metallurjical Resu'ts
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Figure E-¢

Comparison of Metallurgical Resu'ts
Ta the Fddy Current Pregliclred
Data Set |
Incluges Data Points With Metallurg!

cal

Depths GE 20% ang LE 70%
ACTUAL ECT
LOCATION DEPTH CEPTH ODIFF
4.0 18% 41% s+ N
43 54% §1% - 3%
19.7 66% 68% e 2%
- : '.:.0 2.‘ ® :.c
12.8 70% 100% e 30%
2 20% 23% 3%
Y o« £01€¢; = 47 = +7.83 n e No. CF COsSErvations
mean ~ 8
1 - i““' et Oiff -~
Sample Sy Zmean L 11.89




