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February 6, 1986
...........c,.....,v-...

Sheldon J. Wolfe, Chairman Oscar H. Paris
Administrative Judge Administrative Judge
Atomic Safety and Licensing Atomic Safety and Licensing

Board Panel Board Panel
U.S. Nuclear Regulatory U.S. Nuclear Regulatory

Commission Commission
Washington, D.C. 20555 Washington, D.C. 20555

Frederick J. Shon
Administrative Judge
Atomic Safety and Licensing

Board Panel
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

In the Matter of
METFOPOLITAN EDISON COMPANY, et al.

(Three Mile Island Nuclear Statiog, UnTt No. 1)
Docket No. 50-2895/

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
1icnnical Specifications would be applicable only for the
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Administrative Judges, ASLB
! February 6, 1986
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March 1986 eddy current testing outage, and is not a part of
the pending Change Request No. 148.

Sincerely,

P

| /
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.

I Bruce W/ urchill
Counsel for Licensee

Enclosure

j cc: Service List Attached
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UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

Atomic Safety and Licensing Board Panel

In the Matter of )
)

METROPOLITAN EDISON COMPANY, et al. ) Docket No. 50-289
)

(Three Mile Island Nuclear Station, )
Unit No. 1) )

SERVICE LIST

Sheldon J. Wolfe, Chairman Docketing and Service Section (3)
Administrative Judge U.S. Nuclear Regulatory Commission
Atomic Safety and Licensing Washington, D.C.. 20555

Board Panel
U.S. Nuclear Regulatory Commission Joanne Doroshow, Esq.
Washington, D.C. 20555 Louise Bradford

Three Mile Island Alert, Inc.
Oscar H. Paris 315 Peffer Street
Administrative Judge Harrisburg, PA 17102
Atomic Safety and Licensing

Board Panel Thomas Y. Au
! U.S. Nuclear Regulatory Commission Assistant Counsel Commonwealth

Washington, D.C. 20555 of Pennsylvania
Dept. of Environmental Resources

Frederick J. Shon Bureau of Regulatory Counsel
Administrative Judge Room 505 Executive House
Atomic Safety and Licensing P. O. Box 2357

Board Panel Harrisburg, PA 17120
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Mary E. Wagner, Esq. (2)
Office of Executive Legal Director
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Atomic Safety and Licensing
Appeal Panel

U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Atomic Safety and Licensing
Board Panel

U.S. Nuclear Regulatory Commission
| Washington, D.C. 20555
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GPU Nuclear Coqmtstion

~1 Nuclear m" :: ers:rao
Middletown, Pennsylvania 17057-0191
717 944 7621

8 23'86 FER 10 M 25 [EhE,,, . Dial Number

LFF1..
00CKL

bha' February 4, 1986
5?ll-86-2013

Office of Nuclear Reactor Regulation
Attn: J. F. Stolz, Director
PWR Projects Directorate No. 6
U.S. Nuclear Regulatory Corudssion
Washington, DC 20555

Dear Mr. Stolz:

Three Mile Island Nuclear Station Unit 1 (THI-1)
Operating License No. DPR-50

Docket No. 50-289
Technical Specification Change Request No.153

Enclosed are three originals of Technical Specification Change Request
No.153, which reflects a revision for an interim period to the repair limit
for the Three Mile Island Unit 1 Once Through Steam Generator Tubes. Forty
conforred copies are being sent separately.

Pursuant to 10CFR50.91 (a) (1) we enclose our analyses, using the standards of
10CFR50.92 for significant hazards considerations.

Pursuant to 10CFR50.91 (b)(1) of the regulations, we have provided a copy of
this letter, the proposed change in Technical Specifications, and our analyses
of significant safety hazards considerations to Thorns Gerusky of the Bureau
of Radiation Protection, the designated representative of the Corronwealth of
Pennsylva nia. Also enclosed are signed copies of the Certificate of Service
for this request to the chief executives of the township and county in which
the facility is located, as well as to the Bureau of Radiation Protection.

Pursuant to the provisions of 10CFR170.21, a check for $150.00 in payrent of
the fee associated with Technical Specification Change Request No.153 Pev. O
is being forwarded by separate correspondence.

.

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

_ - _ _ _ _ _ _ _ _ _ _ _
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5211-86-2013 -2- February 4, 1986

i

The next TMI-1 Eddy Current Outage is scheduled for March,1986 In order for
us to inglenent the revised repair limit at that time, we request that NRC
review and approve Technical Specification Change Request expeditiously.

Sincerely,

prt
H. . Hukill
Director, TMI-I

SK:HDH:2852f

cc: J. Thone
R. Conte

Enclosures: 1) Technical Specification Change Request No.153

2) Certificate of Service for Technical Specification Change
Request No.153

.
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DOCKETED
U%9c

METROPOLITAN EDISON COMPANY

JERSEY CENTRAL POWER & LIGHT COMPjS( Feil 10 IN :F,

AND

PENHSYLVANIA ELECTRIC COMPANY

THREE MILE ISLAND HUCLEAR STATION, UNIT 1

Operating License No. DPR-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 change Appendix A to Operating License No. DPR-50 for
Three Mile Island Nuclear Station, Unit 1. As a part of this request, ,

proposed replacenent pages for Appendix A are also included.

GPU HUCLEAR CORPORATION

BY l L,

QIrector, TI-1

Sworn and Subscribed
to before ne this e/4
day of f; Am1 , 19N,

fA naL. f ;L %
/ Notary PublIc ,

t" Lf, ? r, c.* 11 M '.',*" * *

I Millt.'.4 CCU a tur.tfi .s..n f
itY CallM201 (IP!Rt3 Jat 17. l!!)

Menkt. Pennsylv4%s Anscuties of hotat.es

.

_ _ _ _ _ . - . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ ______
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UNITED STATES OF AMERICA

NllCLEAR REGULATORY COMMISSION

IN THE MATTER OF

DOCKET NO. 50-289
LICENSE NO. DPR-50

GPU NUCLEAR CORPORATION'

This is to certify that a copy of Technical Specification Change 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 in the United States mil,
addressed as follows:

Mr. Jay H. Kopp, Chairran !1r. Normn P. Hetrick, Chatrren
Board of Supervisors of Board of County Consissioners

Londonderry Township of Dauphin County
R. D. #1, Geyers Church Road Dauphin County Courthouse
Middletown, PA 17057 Harrisburg, PA 17120

Mr. Thoms Gerusky, Director
PA. Dept. of Environmental Resources
Bureau of Radiation Protection
P.O. Box 2063
Harrisburg, PA 17120

1

GPU HUCLEAR CORPORATION
/

C f .

DY l.. I ed Ism.
grector, ul-1

.

DATE: February 4, 1986

.

- - . - - - . _ _ . _ _ _ _ - _s
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I. TECHNICAL SPECIFICATION CHANGE REQUEST (TSCR) NO. 153
'

GPUN requests that the attached revised pages ( Attachment 1) replace
pages 4-80 and 4-82, and add page 4-80s in the THI-I Technical
Specifications.

1
'

II. REASON FOR CHANGE

GPUN in the past has repaired OTSG tubes based on a general 40%
throughwell repair limit. This repair limit defines as acceptable a
tube with an igerfection extending up to 40% of the tube well
thickness. The imperfection my be up to 360* in circumferential
extent. GPUN recently has developed an analytical basis to demonstrate
that an equivalent margin to safety can be provided by a tube with an
f rperfection of greater than 40% of the tube well thickness and a given

.

continuous length (specifically, 50% of the tube well thickness with a!

continuous length of 0.55 inches on the interior wall of the tube).
Eddy current technology has evolved such that it is possible to

Icharacterize continuous imperfections in terms of volumetric
degradation, more specifically circumferential or axial extent, as well
as throughwell penetration.

!@ licit in the application of the general 40% throughwell repair limit |
have been an allomnce of 10% on the throughwall extent for inaccuracies
associated with the eddy current detection capability, and an allowance
of 10% for corrosion. GPUN has demonstrated eddy current capability to
characterize imperfections with inaccuracy of less than 10% of nominal
throughwell . Also, GPUN has demnstrated to the satisfaction of the NRC
staff, as well as the Atomic Safety and Licensing Board, that corrosion
is not an ongoing phenonenon in the prinary side of the TN!-1 Once

!Through Steam Generators.

Also, application of the proposed criteria would result in a reduction
in occupational radiation doses. During the est recent TMI-1 eddy
current outage beginning in Noveder 1984, GPUN remved from service 328
tubes by plugging,118 of which would have been dispositioned to resin
in service in accordance with the repair limit proposed herein. The
occupational exposure rate inside the OTSG's during the 1984 plugging
activity as approxistely 700mR/hr. which resulted in an average
exposure of approximtely 120ne per tube. GPUN cannot mke a projection
at this time as to the nuder of tubes which will require remval from
service, if 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 is anticipated. Thus, a significant reduction in
occupational exposure could be expected with application of the proposed
repair i f uit.

.

_ _ _ _ _ - . ..
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!!!. SAFETY EVALUATION JilST!FYING CHANGE

The existing steam generator tube repair limit defines as acceptable a
tube with a imperfection extending up to 40% of the tube mil thickness
and up to 360* in circumferential extent and unlimited axial 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, rore specifically circumferential, as well as throughwall
penetration. Recent analyses have demonstrated the acceptability of
tubes based on the extent of both depth and length of the igerfection.
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
unigaired tube rernining in the tube freespan, rather than a
consideration of throughwall depth alone.

The following paragraphs discuss the analytical basis for the proposed
repair limit based on extent of volumetric degradation, the
characterization of defects previously discovered in the TN!-1 OTSG
tubes, the capabilities of the eddy current program in place at TMI-1,
and compliance with NRC General Design Criteria 14 " Reactor Coolant
Pressure Boundary " 15. " Reactor Coolant System 0esign," and 31
" Fracture Prevention of Reactor Coolant Pressure Boundary." Also
provided, as Appendix A, is TOR-758, " Assessment of 50% TW Repair Limit
with Respect to Reg. Guide 1.121 Guidelines" which presents a detailed

. demonstration that the proposed criteria are in accordance with the
guidelines presented in Regulatory Guide 1.121.

CPUN has demonstrated that a imperfection extending greater than
0.55 inches in continuous length with a throughm11 penetration of 50%
can withstand loads associated with noral operation and faulted
conditions (i.e., min steam line break), with margins 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 TN!-1 has been shown to be within this allowance.

The proposed criteria apply to primry side (intermi diameter,10)
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
limit for indications in these areas remins 407, of the nomimi tube
wall thickness.

The proposed criteria address imperfections both predomimntly
circumferential in orientation and predomimntly axial in orientation.
The analytical basis ms derived for both axial and circumferential
imperfections; however, no axial imperfections have been found in the 10

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

ANALYTICAL BASIS

The bases for plugging criteria based on extent of volumetrict

degradation were developed from several existing analyses of the
serviceability of flawed tubes under norml, transient or accident

! conditions. These analyses included ASME Section III (Ref.1) and
Section XI (Ref. 2) fatigue evaluations, and a solid mechanics single

i accident load (Main Steam Line Break Accident, MSLB) analysis conducted
as part of GPU Huclear's response to the 1981 tube cracking experience,'

as presanted in TR-008 (Reference 3). These analyses have been
previously- 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 analysis that tubes inservice
would not develop cracks under noral operating conditions, even in
areas of suspected degradation and (b) to demonstrate that existing
cracks, should they go undetected, would not propagate throughwall under
noral operating or postulated accident loading conditions. GP UN 's
evaluation cont >lnes the nethodology of both ASME Sections III and XI in
order to assess the reduction in fatigue resistance caused by identified
or hypothetical ECT indications. ASME Section !!! provides guidance for
designing nuclear pressure components against failure; ASME Section XI
provides guidance for evaluating the inpact of suspected flaws in
pressure retaining components in service.

1. ASME Section !!! Fatigue Analysis

The Section III fatigue failure analysis uses crack initiation as
the criterion for loss of fatigue resistance of the material;
therefore design using this approach assumes only a degraded
sterial 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 conclusions in
NUREG-1019 (Ref. 5).

2. Non-Propagation of a Hypothetical Crack

In ASME Section XI, the methods of If near 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 theral) are cycled in the anticipated anner. As
discussed previously in TDR-388 (Ref. 6) and TR-008, a particular
fracture achanics solution was used by GPUN in order to properly
nodel the response of a thin tube to the presence of an ID
circumferential crack under applled axial load, internal pressure,
and bending stress due to flow induced vibration.

.

. _ . , . , . _ . _ __ _
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The aim of this analysis was to demonstrate the adequacy of the
threshold of ECT detection sensitivity; however, the results of
that analysis also satisfy the Section XI flaw acceptance criteria
when codined with the results of the min steam line break
a nalysis.

The rupture strength of a flawed tube to the eximum axial load,
applied one time only, was evaluated under the faulted condition of
a min steam If ne break (HSLB). The tube response was analyzed by
athods 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-006, 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 size, 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 cosined cyclic, flow-induced and theral
loadings;

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

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

3. Conclusion

The analytical results of the ASME Section III fatigue evaluation,
the Section XI LEFM results, and the MSLB solid mechanics
evaluation were developed in terms of allowable tube all
degradation. The proposed revision to the plugging criteria (i.e,
a repair limit 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 III fatigue evaluation, the Section XI LEFM
results, and the MSLB solid mechanics analysis. In addition, the

urgin separating the ASME Section III 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 rargins separating the ASME Section XI
analysis and the solid mechanics single accident load analysis are
even greater (See TR-008 Figure IX-2).

.
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CHARACTERIZATION OF TMI-l OTSG DEFECTS

In order to identify the cause of eddy current indications detected
during the TMI-l OTSG tube examination beginning in Novenber,1984, GPUN
performed an in-depth review of the eddy current results and plant

- chendstry history since the OTSG's were first filled af ter the kinetic
expansion repairs. The results of this analysis 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 B). 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 likely reason for having eddy current indications at this time was
enhanced detectability of preexisting areas of IGA /IGSAC.

TDR-652 " Evaluation of the 1984 Required Technical Specification
Examination of the TMI-1 OTSG" (Appendix C) provides an in-depth
evaluation of-the results of the 1984 eddy current examination, and
concludes that the 1984 examination identified indications that were
already present in the tubes in 1982 but because of their weak signal
applitude were masked by background noise. TDR-652 also concludes that
the rechanical, thermal and hydraulic loads inposed on the OTSG since
the 1982 examination rey have enhanced the eddy current detection of
snell indications by increasing the signal anplitude but without
evidence of increase to percent throughwall. The review of the 1984,
1983 and 1982 exandnation results revealed that the percent through well
determination showed no trend of continued throughwall growth, and
provided no evidence of an active rechanism 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
OTSG's as a result of thiosulfate intrusion into the RCS in 1981 as well
as to help clarify the sensitivity and accuracy of eddy current '

examination for IGA /IGSAC, as summarized in TDR 686, " Characterization
of IGA in TMI-1 OTSG Sanples," Rev.1 (Appendix D). Existing reports
were reviewed and reported IGA areas were characterized. Tubes that had
been previously removed and stored were eddy current and fiberoptic
inspected. Two tube sections were also cut and examined by
netallography. TDR-686 concludes that the metallographically determined
sizes of IGA patches were below the established level of eddy current
sensitivity for IGSAC.

CAPABILITY OF B41-1 EDDY CURRENT TECHNIQUE

During eddy current examination of the T!!I-l OTSG's the percent
throughwall penetration of a d.iscontinuity is determined by measuring
the signal's phase angle and using a conversion curve to determine the
percent throughwall. The traditional curves used for this purpose are
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designed for outside diameter discontinuities. For inside dianeter
discontinuities the percent throughwall determinations are obtataed by ,

extrapolation from the outside dianeter curve. This traditional
extrapolation tends to overcall snall volune inner diaceter
discontinuities. The presence of inner diaceter initiated,
intergranular stress assisted cracks in the Bi!-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 snell volume, inner
diaceter initiated discontinuities, by enhancing the traditional inner
diaceter conversion curve with supplemental data from EDM notches with
various known depths. The accuracy of the enhanced curve was verified
through metallurgical correlations using actual IGSAC.

The ECT accuracy ray be demonstrated using six data points (eddy current
calls) from these netallurgical samples. The mean of these six data
points represents an overcall of 13.4%. A statistical evaluation
resulted in a. standard deviation of + 16.7%. Thus, within one standard
deviation, an undercall of up to 3.3T was observed which is well within
the allowance-for eddy current error. As discussed under ANALYTICAL
BASIS, above, the minimum margin separating the fatigue arelysis 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 GENERAL DESIGN CRITERIA 14,15 and 31

Use of the proposed repair limit would not reduce or alter the extent of
TMI-1 compliance with General Design Criteria 14,15, and 31.

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
extrecely low probability of abnornal 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 extrenely low probability of abnorral
leakage or of rapidly propagating failure as demonstrated, by the
cargin (greater than 30% of nominal throughwall) bet'seen the
proposed plugging criterion and the LEFM Section XI analytical
resul ts. In addition, the TMI-1 Operating License includes the
exceedingly restrictive condition that if pricary 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) recoved
from service.

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

2. 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 nargin to assure that the design conditions of the
reactor coolant pressure boundary.are not exceeded during any
condition of nornal operation, including anticipated operational
occurrences.

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

3. 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 nergin to assure that when stressed
under operating, naintenance, testing and postulated accident
conditions (1) the boundary behaves in a nonbrittle nanner and (2)
the probability of rapidly propagating fracture is minimized. The
design shall reflect consideration of service temperatures and
other conditions of the boundary naterial under operating,
naintenance, testing and postulated accident conditions and the
uncertainties in determining (1) naterial properties, (2) the
effects of irradiation on naterial properties, (3) residual, steady
state and transient stresses, and (4) size of flaws.'

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

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

The analysis presented herein includes consideration of service
- conditions associated with operating and postulated accident

, conditions. Loads associated with raintenance and testing
conditions are sna11 by comparison, and are enveloped by the loads
assumed in the analyses.

0
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The analytical results include 'a margin 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
conpliance with General Design Criteria 14,15 and 31.

'
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IV. NO SIGNIFICANT HAZARDS CONSIDERAf!ONS

Application of the revised 0TSG tube repair limits would not involve
significant hazards considerations for reasons as follows:

1. 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 well integrity
under nornal operating conditions. In accordance with the
recommendations of Reg. Guide 1.121, a margin of safety against
ductile failure equal to 3.0x nornal 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.

,
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The proposed criteria also provide assurance that the OTSG tube
wall integrity will be maintained under faulted conditions,
specifically under loads associated with the main steam line break
accident. In accordance with the recommendations of Reg.
Guide 1.121, a margin 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
evalua ted.

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 margin of safety.

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

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

V. IMPLEMENTATION

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

VI. 44ENDMENT FEE (10CFR 170.21)

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

.
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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 najor nain steam line or feedwater line break.

4.19.4 Acceptance Criteria

a. As used in this Specification:

1. Imperfection means an exception to the dimensions,
finish or contour of a tube from that required by
fabi * cation drawing or specifications. Eddy current
testing indications below 20% of the nominal tube wall
thickness, if detectable, may be considered as
inperfections.

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

3. Degraded Tube means a tube containirg imperfections
20% of the nominal wall thickness caused by

degra dation.

4 % Degradation means the percentage of the tube wall
thickness affected cr removed by degradation.

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

6. Repair Limit means the extent of degradation at or
beyond which the tube shall be repaired or removed
from service because it nay becone unserviceable prfor
to the next inspection.

This limit is equal to 40% of the nominal tube wall
thickness, except for the primary side tube freespan.

For the prinary side tube freespan, the repair ifmit
is either:

a. 50% of the nominal tube wall thickness and defect -

length of 0.55 inches or less; or

4-80.
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b. 40% of the nominal tube wall thickness and defect
length greater than 0.55 inches; or

,

c. 40% of the nominal 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 limit applies until Refueling-
Outage 6R, at which tine the repair limit for the-
primary tube freespan will be such a limit as has been
approved by the NRC.

7. Unserviceable describes the condition of a tube if it
leaks 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.

8. 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 by 4.19.2.b.2, above.

,

4-80a
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The program for inservice insp;ction of steam g:nerator tub:s is
based on a modification of R:gulatory Guide 1.83, Revision 1.
Inservice inspection of steam generator tubing is essential in order'

to naintain surveillance of the conditions of the tubes in the event
that there is evidence of mechanical danage or progressive
' degradation due to design, nanufacturing errors, or inservice
conditions. Inservice inspection of steam generator tubing also
provides a means of characterizing the nature and cause of any tub'e

)degradation so that corrective measures can be taken.
|

The Unit is expected to be operated in a nanner such that the prinary |
!and secondary coolant will be naintained within those chemistry

limits found to result in negligible corrosion of the steam generator 1

tubes. If the prinary or secondary coolant chemistry is not | [

naintained within these chemistry limits, localized corrosion ray !
| |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 pripary
coolant system and the secondary coolant system (prinary-to-secondary
leakage = 1 gpm). Leakage in excess of this limit 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 prinary or secondary coolant. However, even if a defect would
develop in service, it will be found during scheduled inservice steam
generator tube exanvinations. 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
prinary tube freespan.

For the prinary 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 prinary side tube freespan apply only until Refueling Outage
6R, at which time the repair limit will be such a limit as has been
approved by the NRC.

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

4-82
Amendment No. 47, 86

*

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



,

|
'

4
i

l

GPU Nuclear Corporation

Nuclear ::: erns:r'oo

Middletown, Pennsylvania 17057 o191
717 944 7621
TELEX 84 2386
Writer's Direct Dial Number

February 4, 1986
6211-86-?013

Mr. Thonas A. Gerusky, Director
Pa. Dept. of Environmental Resources
Bureau of Radiation Protection
P.O. 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 Regulatory Comission on the
above date.

Sincerely,

] g
H. . Hukill
Director, TMI-1

HDH/SM0/spb

Enclosure

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

.
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GPU Nuclear C9poratlon

'; Nuclear :::',. ors:raa
Middletown, Pennsylvania 17057 0191
717 944 7621
TELEX 84 2386 1

Writer's Direct Dial Number J

\

February 4,1986 ,

'

5211-86-2013

Mr. Normn P. Hetrick, Chairen
Board of County Comissioners 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 Comission on the
above date.

Sincerely,

F
H. . Hukill
Director, TMI-l

HDH/SM0/spb

Enclosure

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

'i Nuclear :::e "ns"::taa
Middletown Pennsylvania 17o57 0191
717 944 7621
TELEX 84 2386
Writer's Direct Dias Numbes

February 4, 1986
5211-85-2013

Mr. Jay H. Kopp, Chairmn
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 Regulatory Commission on the
above date.

Si erely,

#
f

H . Hukill
Director, TMI-l

| HDH/SM0/spb
'

Enclosure

l

|

GPU Nuclear Corporation is a subsidiary of the General Public Utilities Corporation j
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METHODS: Co nt' d

Margin against plastic collapse was met by using a non-linear
strain analysis and exceeded by an elastic plastic fracture
mechanics analysis. The margin to burst 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.

RESULTS:

The following results were derived:

Defect size

A defect of 50% TW with a continuous 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 20% margin for error.

Using the mean and standard deviation obtained from netallurgical
.sapples the percent error due to undercall is '3.3%.

Aciditional thickness degradation allowance

An additional thickness degradation allowance, as suggested in
Reg. Guide 1.121, has not been included because, first, the
mechanism for continued chendcal attack from the inner surface has
been arrested and, second, the TMI-1 OTSG's do not have a history
of either significant tube problers because of wear on the outer
surface at the elevations of the lateral support plates or

secondary side chendcal attack. Both the HRC staff and the Atomic
Safety and Licensing Board have concurred that prinary sides

corrosive attack is not ongoing.

|
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CONCLUSIONS:

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 proposed tube plugging criteria conta47s margins to
failure equal to or greater than those re ammended in
Reg. Guide 1.121.

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

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 with support plates.

Tubes with defects on the OD 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
manner consistent with the nature of the degradations involved
and the uncertainties of the ECT call.

PURPOSE

The proposed GPUN OTSG tube plugging criteria provides for the structural
integrity of tubes with defects against fatigue failure mechanisns 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 ductile failure equal to 3.0
x norrel loads and 1.428 x upset loads. In addition, identification of error

associated 4th ECT is also necessary as is a discussion of an additional
thickness de;.adation allowance.

4104d
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Reg. Guide l.121 does not recognize the demonstrated capability of ECT in
characterizing both depth and extent of circumferential defects nor does it
nake a distinction between circumferential and axial defects. A conprehensive
plugging criteria should disposition tubes based on ECT characterization of
both depth and circumferential extent for circumferential defects and depth
and length of 4:xial defects.

A comprehensive tube plugging criteria is developed here which meets or
exceeds NRC guidelines on structural nargin, 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 nargin, as recommended in Reg.
Guide 1.121, is descrited first. The approaches to address ECT error and
additional thickness degradation allowance will follow.

1. Structural Margin

Structural nargin 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.nornal 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 thernal/ hydraulic methodology for deriving
those service loads. The dominant component in the tube axial
load is thernally induced, as would occur when the OTSG shell is
hotter than the tubes. The resulting load is due to thernal
growth difference, or, in other words, displacenent control. If

displacements of interacting ment >ers are reduced, reactions are
reduced. This is in opposition to load control where reactions
are independent of displacement.

4104d
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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 displacenent decreases as material response becones
non-li nea r. Reaction loads decrease as the more flexible tubes
are stretched, or displaced, to conform to the growth of the OTSG
vessel shell. Loads less than what are predicted by linear
proportionality are actually generated. Invoking the tube
material 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 circunfer-
ential defects. No such benefit exits for axial defects, however,
because large strains 'are only possible in the longitudinal tube
direction.

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

Net section collapse (NSC) has been used by EPRI to gauge the
structural integrity of pipes with circumferential defects (Ref.
5). A defect is unacceptably 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
mecha nics.

The analysis for tearing instability, however, proceeds from
principles of elastic plastic fracture cechanics (EPFM). A crack
in a structure may propagate a snell distance and then arrest or
it nay tear through the material without arresting if the
combination of load and crack size is sufficiently damaging. EPFM

predicts the onset of the latter condition, f.e., tearing
instabili ty. 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. Analytically, flow stress is
taken to govern prediction of burst. A comparison of predicted
burst behavior with experimental data shows that aralysis 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
fatigue failure mechanisms have been previously reviewed and
endorsed by the NRC staff. These analyses included ASME Section
III and Section XI fatigue evaluations, and a solid mechanics
single accident load (Main Steam Line Break, MSLB) analysis
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 identifying
minimum required tube wall thickness. Inherent in the previous
work was the capability to establish that a) by fatigue analysis
that inservice tubes would not develop cracks under noral
operating' conditions, even in areas of suspected degradation and
b) that existing cracks, should they go undetected, would not
propagate throughwall under noral operating conditions.

GPUN's evaluation conbines the methodology of both ASME Sections
III 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
cornponents against failure; ASME Section XI provides guidance for
evaluating the impact of suspected flaws in pressure retaining
cor9onents inservice.

The Section III fatigue failure analysis uses crack initiation as
the criterion for loss of fatigue resistance of the naterial;
therefore, design using this approach assumes only a degraded
sterial condition and not outright structural failure. The
approach used to enter the ASME III desig'n fatigue curve was
originally discussed in TDR-421 (Ref.11) and is sumarized in
TR-006 (Ref.1), which formed a basis for NRC conclusions in
NUPEG-1019.

In ASME Section XI, the methods of linear elastic f racture
mechanics (LEFM) are recommended. In this approach the presumed
crack is analytically interacted with the local stress field in
order to predict enlargenent and propagation as service loads
(both mechanical and theral) are cycled in the anticipated

- a nner. As discussed previously in TDR-388 (Ref.10) and TR-008
(Ref.1), a particular fracture nechanics 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 load,
internal pressure, and bending stress due to flow induced
vibration. The aim of this analysis originally was to demonstrate
the adequacy of the threshold of ECT detection sensitivity.

The rupture strength of a flawed tube to the neximum axial load,
applied one time only, as evaluated under the faulted condition
of a main steam line break (MSLB). The tube response was analyzed

.

' 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 sterial condition.

4104d
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2. 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 metallurgical
examination, to establish relative error. This approach allows'

conclusions concerning ECT overcall or undercall.

The nargin separating the fatigue analysis results and the
proposed plugging criteria is at least ten percentage points (10%) '

on throughwall out of recognition of possible ECT error.

3. Additional Thickness Degradation Allowance

Additional naterial allowance out of recognition of both a primary
side attack conbined, 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, pria ry 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 war at the
15th lateral support plate as a precautionary measure. ECT

techniques now in place will be enployed to examine these areas.

RESULTS

1. Structural Margin

The results of the non-linear strain analysis are shown in Figure
1. Tube load versus displacement, assuming linearity, is shown as
the bold straight line. The parallel dashed line is the 0.2%
offset yield line. The curved dashed lines are the actual
naterial temperature dependent engineering stress-strain curves.
As the caterial strains, the predominately thernal loads are
reduced. Dropping down from the pseudo-elastic response to the
actual non-linear naterial response (intersection at circles)
gives the true tube load by reading back to that axis. The
applied axial loads are shown cultiplied by the factors of safety
recompended by Reg. Guide 1.121.

.
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The results of the NSC and EPFM structural analyses for circum-
ferential defects in tubes are shown in Fig. 2. The analytical
results are shown with respect to a piece-dise 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 if ne-up under load reducing the internal
moment reactions, cone 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 circumferential extent. Inflexible tube response is less
likely than flexible response. ,

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

Figures 3 and 4 show NSC results for tubes with axial defects.
The noral and upset loads are nultiplied by the factors of safety
recommended by Reg. Guide 1.121. The figures indicate that the
proposed plugging criteria bounds the analytical results. Figures
5 and 6 compare actual burst tests results for INCO 600 with
analytical prediction. The latter are always conservative when
compared to burst test results.

Except for a smil region, these results are not within 10% TW of
the plugging criteria. Where there is a sell discrepancy there
is argin in the analysis methods to compensate. For exanple,
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 analyses are provided -

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

4104d

'

L
_ .____ _



. - -. _.- . . . - -. . _ ~ . .- -. .- - - - _ - -

.

4

. .

TDR No. 7584

Rev. O ;

Page 9 of 11

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 ade ,

'

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 urgin
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 conservative4

i conclusions with regard to margin against ECT errce.

DISCUSSION
>

Application of Plugging Criteria

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

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

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

!

;

'

!
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IGA /IGSAC

Previous work (Ref. 8) provided an explanation of the Novent>er,
1984, tube defects. What as 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 IGSAC.

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 nargin will be revisited should there
be a deficiency in ECT with regard to detection and sizing of IGA
alo,ne.

CONCLUSIONS:

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. Pla stic
collapse and burst are addressed for the first time herein.

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

Reg. 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 analyses.

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 OD 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
nanner consistent with the nature of the degradations involved.

4104d
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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

Initial testing with the 0.540" high gain standardNovember 1984.
differential probe method revealed previ~ously unreported indications in
the unexpanded portions of the OTSG tubes betweeh 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 af ter the kinetic expansion repair of the
tubts.

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
Performancecurrent examinations of both steam generators at TML Unic 1.

of this examination ultimately resulted in 100% of the tubes in A-0TSG
and all tubes in the outer 16 tube periphery of the B-0TSG being examined.

The B-0TSG had only a limited number of indications with an
indicated through-wall extent greater than 40%. Due to che limited
number of B-0TSG indications, statistically-based analysis is not
feasible. All these indications , however, are located near the outer
periphery of the B-0TSC.

The following generalizations about the EC indications can be drawn
from the A-0TSG results:

They are ~primarily located in the upper tube sheet and 16th1.
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% chrough
wall.'

4. They generally exhibit voltages in the 0.5-2 v. range.

5. 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.

.
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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 a qualified full-length, eddy current examination
program on all tubes .t6on 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 f ree. It was further established that small defects below the
threshold of detection could exist. Reference 1 identifies the maximum
size of these small defects which could possibly go undetected.

Prior to the expansion, a 100-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
per iod. 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 (3.5%) 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 suf ficiently tight that the volume
of lost metal was not detectable. Kinetic expansion may have
altered these areas of ICA/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 confiramtion was obtained that kinetic expansion
would not cause ductile tearing by using test mock-ups and
metallurgical examination (Re f. 2) . Small intergranular stress

assisted (IGSAC) cracks were examined using eddy current techniques
before and af ter 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 metallurgical
examination did not reveal ductile tearing or generation of new4

indications.

ISI Indications
7:

During OTSG repairs, a subset of tubes (28 in A-0TSG, 56 in
B-0TSG) 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 in B-0TSG and 3 tubes in A-0TSG
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 indications in November
1984, a second 100 cube -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 performed.
,
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1984 Technical Specification Required Testing

In November 1984, eddy current testing required by TMI-l 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 p'erformed 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-0TSG was inspected while the
B-0TSG inspection was complete af ter the entire 16-tube periphery,
approximately 6500 tubes, had been examined.

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

Spatial Distribution

The indications with greater than 40% through wall depth are
concentrated toward the outer periphery and top of A-0TSG. In the

outer periphery, the percentage of tubes with greater than 40%
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 15th 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-0TSG 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.

t
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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 dif ferences
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 50% through wall and 90% are
.194" or less in circumferential extent.

Degraded Tubes

Per GPUN procedure, tubes with indications reported between 20
and 40% through wall were not required to be plugged if the tubes

-

in the lane or lane wedge and the indication was below thewere not
15th tube support plate. At the completion of the 1982 kinetic
expansion repairs, a total of 15 A-0TSG tubes and 51 B-0TSG tubes
were classified as " degraded" and were included in the ISI group.
As of January 4, 1985, 347 additional A-0TSG tubes and 98
additional B-0TSG tubes are classed as degraded.

i

t

.

i-
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Table 1
.

Comparison of 1982 and 1984 Eddy Current Data

a) Reported Voltage - % of indications reported-

A-0TSG B-0TSG

Voltage 1982 1984 1982 1984

dC 1 34 40 24 27

1 44 35 30 21

2 16 20 25 29

3 4 4 10 12

pp 3 2 1 11 11

b) Reported through wall penetration - % of indications ,

A-0TSG B-0TSG

% T.W. 1982 1984 1982 1984

4 20 c. 1 41 12

20-40 3 61 28 75

40-60 21 25 24 18
'_

60-80 17 10 15 5

77 80 59 4 21 2

c) Number of coils on 8 x 1 examination - % of calls

A-0TSG B-0TSG

Coils 1982 1984 1982 1984

1 20 90 18 80

2 26 10 24 20

3 16 41 15 41
23 38 <1 43 4i

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).

0442L
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Chemistry Specifications

Corrosion Experience with Inconel 600

Three types of primary-side initiated attack have been identified
in Inconel 600. In recirculating steam generators using mill-annealed
tubes that have not been stress-relieved af ter U-bending, stress
corrosion cracking (SCC) has initiated f rom the primary side in the
highly stressed bend areas. Also in mill-annealed tubes in recirculating
steam generators, SCC has been found to initiate from the ,rimary side at
highly strsssed 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 chan the mill anneated type.

The other primary side attack of Inconel 600 that has occurred in
steam generators is.the intergranular stress assisted cracking (IGSAC)
caused by reduced sulfur species on sensitized OTSG tubing. This is the
mechanism which caused the TMI-l OTSG 1eakage 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 results 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-l
operating specification (Ref. 4). The LTCT was conducted using
ac tual TMI-1 tubing. Temperatures, tube loads, and heatup and
cooldown races were representative of actual plant operating
conditions.

In addition, as the LTCT was sctually performed, specific
factors which parallel actual plant layup conditions were
experienced. The tubes were held in a cold, aerated condition for
several days af ter 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 af ter each test
cycle, the tubes had to be removed from the autoclaves and
drained. Thus, drained aerated layup conditions were also included.

0442L

_ _ __



.

,

,

-
.

TDR 638
Rev. 1
Page 13 of 50

Table 2 summarizes LTCT operational times in each mode. All
loops spent significant time under drained, cold deserated, and
aerated conditions.

Review of the chemistry history of the UTCT's revealed that
the conditions were comparable to the plant's experience. The LTCT
specification (Ref 5) for sulfate and chlorides was 0.100 ppe +
.050 ppm. Actual analysis results (Ref. 6, 7. - 8) revealed that the
concentrations of these species were maintained at or slightly
above the .150 ppe 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-l OTSG's, which was included as a control
sample) showed no evidence of cracking, pitting or general
corrosion both before and af ter the LTCT.

Data presented from the CICT 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 af ter 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.

ICA which was metallographically evaluated was consistent in
size and shape with ICA that had been seen during the f ailure
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 ICA/ICSAC.

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 Tern Test Results

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

1) Screening work on actual TMI-I removed tubes and archive
tubes (Ref.10) ' identified that at oxidizing potentials,
1 ppe of thiosulfate was required to cause IGSAC.'
Sulfate levels as high as 10 ppa 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 ppe of
thiosulfate caused IGSAC.

These short term tests thus confirmed that in the absence of
| thiosulf ate contamination, no short term attack of OTSG tubes is

expected.
.

Bulk vs. Surface Effects'

The above corrosion tests were performed using actual THI-1 OTSG '

tubing. The surf ace film condition was therefore representative of 'that
in the plant. Chemistry control in both corrosion testing and actual,

operation is 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 ,

4

Hot Operations

After sulfur 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

i against corrosive accack.

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

Second, the lower limit on Lithium concentration was increased'

to 1.0 ppe, to take advantages of lithium's inhibiting effect on'

sulfur-induced IGSAC in Inconel 600 (Ref.12).
0442L

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



.

..

f

.

l
-

..

TDR 638
Rev. 1 '

Page 15 of 50

The not result of these changes is to ensure that total sulfur
species concentrations are a factor of 10 below the level at which
corrosive attack mighc occur. At the same' time, the minimus Li/S
ratio will be 30 (or Li/SO4 of 10), which is a factor of 3 over the
recommended (Ref.12) ratio of 10 for inhibition of IGSAC
initiation.

D
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
is 5.6 - 6.5.

7' control of contaminants - The primary water contaminants
-

of concern are chlorides and sulfates. Chlorides have
traditionally been Limited to less than 0.100 ppe during '

operation; we have maintained this level as a general
guideline during layup. The sulfate level of less than
0.100 ppe.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 ppe. For cases where the primary
system is open and oxygen cannot be excluded, air
saturated conditions are specified as this is more
protective than some intermediate oxygen level.

4) Control of OTSG 1evel - One of the contributing factors
to the 1981 IGSAC incident was the existence of a water
line on the primary side of the OTSC tubes. For layup of
the OTSG's, wherev.er 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 OTSC
primary side should be fully drained.

5) Inventory Turnover - Periodic replenishing of the OTSC
contents will assure that local buildup of contaminants *

will not occur. Layup guidelines have included
provisions for periodically turning over the water
inventory 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

Loop Hot Deserated Aerated Layup (Note 1) Comments

1 348 52 28 132

2 308 69 27 157 Thiosulfate loop

3 241 42 23 58

4 242 40 ~22 61

.

Notes

1. Does not include drained layup between completion of operational
cycles and start of metallographic examination.
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Chemistry and Operating Histo y Review

Data Base

The chemistry and operating history data were obtained from two
sources. First, the on-site Plant 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 CPUN computerized chemistry data base.

1

The major plant activities that occurred between May 1983 and
October 1984 are listed in Table 3. Within each of these periods, we
identified dif ferent plant conditions of RCS lovel, temperature,
pressure. circ lation, and pH. Then, we reviewed the chemistry data for
each time perion

Chemistry data selected to be of interest with respect to corrosion
were pH, oxygen, lithium, sulfate and chloride. As an additional check
on the ef fectiveness 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 95% 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. In 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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0xymen

In preparation for both the, September 1983 and May 1984 hot
functional tests, it was necessary for the RCS to be taken from a
layup to an operating mode. During this transition, oxygen levels
were higher than desired for optimum protection, but other factors
made it very unlikely that corrosion 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 luring
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 12th 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 OTSG tube corrosion

-

was expected.

In August 1983 and May 1984 oxygenated water was injected into
deoxygenated RCS during HP1 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.

|

-
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.

TABLE 3
<

Major Plant Evolutions, 5/83 to 10/242

Durationi Event

Fill & Bubble Test June 1983

Peroxide Clean July 1983

Hot Functional Test Aug - Oct 1983

Circulating Wet Layup Oct - Nov 1983

DR-V1 Repair Nov 1983 ,

Circulating Wet Layup Nov 1983 - Jan 1984

RC-PIB Repair Feb - April 1984'

Integrated Leak Race Test April 1984

Hot Functional Test May 1984

Non-Circulating Wet Layup May - June L984

Tube Plug Recolling and June - Oct 1984'

Bubble Testing
|

.

4

a

9

0442L



.

.

.

.

TDR.638
Rev. 1
Page 20 of 50 .

TABLE 4

Chemistry Summary Before Hot Functional Testing

Oxygen, Li, _ SO , C1 Li/S4

Period Days ppe ppe ppe ppe Ratio

8/83 29 0.3 .82-1.96 .047 .079 .05 .156 66-123

5/84 19 .075-2.2 1.06-2.17 .02 .047 .05 .110 127-240

.
.<

.

h

6

6

9

.
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In-Plant Observations

Leak Testing
-

Since completion of the kinetic expansion repairs, several leak
tests have been performed to measure primary-to-secondary leaktates 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.

Of greatest significance is 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 af Selected Tubes

A fiberscope inspection was performed (Ref.14) of six A-0TSG 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
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TABLE 5

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

Month / Year Test Type Reason For Test Results Repairs

May 1983 Drip Test of Kinetic 2 Leaking Tub'es, Plugs Installed /Recolled
Expansion 8 Leaking Rolled Plugs

10 Leaking Explosive Plugs

June 1983 Bubble / Drip Final Test of Small Number of Slightly Repaired welded plug
Kinetic Expansion Leaking Tubes and Plugs

in A OTSC - 1 Leaking
welded plug

Sept 1983 Kr-85 Tracer Establish Baseline Baseline Leak Rate None Required
Leak Rate 1 gph

!

May 1984 Measure Baseline Slight Increase in None Required

| Leak Rate Leak Rate

i

June 1984 Bubble / Drip Identify Leaking 4-5 Leaking Tubes in Plug 3 tubes

Tube (s) B-0TSC w/ welded plugs

6 Rolled Plugs Missing Recoll all W plugs
Replugged tubes.

Oct. 1984 Bubble / Drip Test Rolled Small Number of Leaking Roll 8 Tubes

Repairs Tubes, one welded plug Reveld Plug

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

__-_--- __ .
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Discussion

General

Removal of sodium thiosulfate from the TMI-1 site and tighter
operational chemistry controls implemented since 1981 have made it highly
unlikely that the conditions to cause sulfur-induced IGA /IGSAC could be
recreated. The steam generator layup guidelines are specifically designed
to protect the steam generators frca additional corrosion and are more
stringent than B&W's generic recommendstions, par?.'.cularly in the areas of
contaminant control and the use of elevated pH during- cold layup.
Industry experience on B&W PWR's also does not reveal any other
primary-side initiated attack mechanisms on Inconel OT5G tubing.

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

.

The only period of possible vulnerability to corrosion wiuld have
existed during the time when the OTSC's were drained for the kinetic
expansion repair. During this period sulfur would hcve remained in the
oxide film on the tube surfaces as peroxide cleaning had not yet been
performed. During this time, however, eddy current testing done'on the
100 cube surveillance sample did not reveal any growth of existing
indications or any new indications. Thus, shite the oxide film say have
contained sulfur during this time, there is eo evidence that corrosion
continued.

Under mechanical loadings induced by kinetic expansion or cooldown,
areas of IGA /IGSAC could become more detectable by 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 IGSAC.

2) disconnected grains dropping out and leaving pits.
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Two additional pieces of data from Ref.16 lend support to the
mechanical scenario. F ir st , peripheral tubes consistently see higher
loads than core tubes. Therefore, in the periphery, the highest stresses
would also act on this ICA/IGSAC. Second, the A-0TSG cooled down more
quickly than the B unit. The peak load during the most rapid cooldown

' (Re f. 16) was 2 00 lb. in the A-0TSC,12% higher than in 5-0TSG. Figure 1
is a representation of how the A-0TSG would have had significantly more
tubes carrying loads high enough to cause IGA /IGSAC to become more
detectable.

. A previous study (Ref.15) on crack opening displacement of archive
loadstubes with approximately .5" long through-wall cracks found that

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 outi'

that one can expect local straining in the vicinity of smaller defects,
but that it would be of proportionately lesser magnitude.*

During the 1983 HFT, the moet 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 ICA/ICSAC 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
Thetube integrity (i.e. tube rupture) are circumferential cracks.

production of 0.540" standard dif ferential eddy current technique is
optimized and qualified for this type of defect. However, it can also be
used for detecting dif ferent 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 ICA 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.
.540" S.D. eddy current technique was optimized for the IGSACThe current

geometry; therefore, a different geometry will have a dif ferent
detectability. The balance of this section of this report will discuss
changes in sensitivity due to changes in indication geometry.

J t

1
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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 indication sizing in which 90% of the 1984 indications
fall. It can be seen that the eddy current calls span the 0.3 vote
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 34 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 L984.
Att of the below-UTS indications (Figure 3b) are close to the 0.3 y
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
ICA/IGSAC geometry.

The large increase in the number of degraded tubes in A-0TSG and
B-0TSG is also consistent with the scenario of pre-existing IGA /ICSAC
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 ICA which also were not detected (Table 7) by eddy
current examination.

.
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Table 6 - @eparison of Preliednary Eddy Current. Data ard Fiberscope Resulta
:-

*
..

EC Results.-

. "A" - OTSC .540 S.D. 811'

Row Tube Elevation I T.W. Volte Volte Colle Visual Observattees
1

89 124 US+5.4 - 98 1.6 1.6 2 ..

Rounded ledicatises pose 1ble ICA
US+4.

Antal allgement of 3 remeded ledicatione
US+5.8

76 119 US+2.4 97 2.1 0.8 2
.

US+5.5
.

Smell dark spot whee acasales w/90' head
i

.

66 129 15+27.6 - 62 2.8 1.3 2

15+24.5
'

Rounded ledicattees - poselbie ICA
8

59
2.3 1.1 2

61 123 15+21.6

- 15+26
.

Ses11 dark spot - es detail vielble
'

26
1.7 0.5 1

-

15+24.7
'

57 128 Us-2.6 92 1.3 0.3 1-2 ;

I*
- Attally oriented remeded ledicattees

iUS-1.5
Smell elegte remeded'indic'attee* s.

60 126 15-14.2/15-6.5 20/31 1/1.0 NDO

-
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TABLE 7

I CA 201 T.W. in Samples Removed From the LTCT
Not Detected by Eddy Current

ICA Location '

With Re spec t
to Top of I GA Si ze

Tube Sec t ion Upper Tubesheet Circus. Dept h Type Sample

A-24 -94 25 7/16" - 30 13/16" * 28" .030" .010" C-ring (1)

A-24-94 19 5/16" - 25 7/16" 26" .035" .009" C-ring (1)

A-24 -94 19 5/16" - 25 7/16" 27" .006" .008" C-ring (2)

A-13-63 11" - 18 15/16" 12.5" .020" .013" Tube (1)

Note (1): These samples were exposed to thiosulfate contaminant during the LTCT.

(2): This sample was exposed to sulfate contaminant during the LTCT.

,
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Conclusions

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

2. The TMI-1 layup guidelines have been adhered to since
completion of the kinetic expansion repair. Minor deviations
have been corrected promptly.

3. 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 OTSG
1eakage during this time period do not show evidence of
corrosion of OTSG tubes.

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

5. Results of eddy current tests since 1982 do not indicate any -

trends of indication growth of pre-existing indications.

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

7. The eddy current data and visual observations are consistent
with a mechanism where previously existing areas of ICA/IGSAC
are made more detectable by mechanical loading during kinetic
expansion and thermal and hydraulie loading during cooldown
from HFT.
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APPENDIX A-

*!MI-l CHEMISTRY DATA

MAY 1, 1983 to OCTOBER 26, 1984

Contents

Table A1 - Chemistry Guidelines Applied to TMI-1
5/1/83 to 10/26/84

Figure Al-1 - Al-7 - Chemistry Data for TMI-I
5/1/83 to 10/26/84
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Table Al

CHEMISTRY GUIDELINES APPLIED TO TMI-1
-

5/1/83 to 10/26/84

Operating Wet Drained Hot Shutdown Peroxide
Mode Layup Layup '(Hot Functional Testing) Cleaning

OTSG Primary
Level Full Drained Full Full

Maximum
Chloride, ppe 0.1 0.1 0.1 0.2

,
Maximum
Sulfate, ppm 0.1 0.1 0.1 Note 2 -

Maximum
Oxygen, ppa 0.1 N/A 0.1 Note 2

pH greater than 7.2 4.6-8,5 4.6-8.5 8.0-8.5

Li, ppm 1.0-2.0 1.0-2.0 1.0-2.0 1.8-2.5

Minimum
Li/S ratio 10 10 10 N/A

Notes:

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

2. Sulfate and oxygen were monitorad but no limit was applied.

0442L
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TECHNICAL DATA REPORT ACTivlTY NO. 123125 PAGE 1 OP 80

Ouality Assurance /Special
PROJECT: DEPARTMENT /SECTION Processes & Pronrams

THI Unit 1
OTSG Eddy Current Program RELEASE DATI REVISION DATE

DOCUMENT TITLE: Evaluation of the 1984 Required Technical
i

Specification Examination for the TMI-1 OTSG

OlieG8NATOR SIGNATURE DATE APPROVAL!S)S10 NATURE DATE- n A
G. E. Rhedrick See Rev. O R. O. Barley Q@ 6% infn|g,$
M. T. Torborg M M // Z'Z S $ T. J. Patterson $]| M d ag|22[E'
D. L. Langan See Rev. 0 / y . Kazaytas ,dj( { , ,, /,,, /g

h0jAL FOk EXTERNAL DIShtSUTION ,DATE

| %s W ISW!

|
~

\
Does this TDRinclude recommendation (si? Ove. ENe N yes.TFWR/TR #'

~

e Ol8TRIBUTION ASSTRACT: Statement of Problem
The results of the 1984 eddy current examination performed on

B. E. Ballard the TMI-1 steam generator tubing had identified 328 tubes with
R. O. Barley confirmed indications of > 407. through wall penetration. These
G. R. Capodanno indications were 'tet identified in previous addy current examin-
J. J. Colitz ations performed prior to mechanical thermal and hydraulic load-
B. D. Elam ing evolutions which took place in the steam generators.
I. R. Finfrock Technical Approach
F. S. Giacobbe Knowing the locations of the 1984 confirmed indications, a re-
H. D. Hukill view of the 1983 and 1982 examinations has confirmed the earlier
J. S. Jandovitz presence for a majority of these indications. A characteriza-
N. C. Kazanas tion of the 1984 indications by defect location, signal ampli-
S. Kowkabany tude, percent through wall and circumferential extent was per-
D. L. Langan formed and compared to the 1982 examination results. A growth'

R. L. Long sample study on a random selec' tion of tubes was performed after
R. L. Miller the detection of the 1984 indications in order to determine if
R. Ostrowski evidence of an active mechanism was occurring.
T. J. Patterson Findings

' G. E. Rhedrick It was observed that the 1984 indications wa.e located in the
same affected axial and radial areas previously identified dur

by
M. T. Torborg

ing the 1982 examination. The 1984 indications were predominateR. F. Wilson
shorter in circumferential extent. The review of 1984, 1983 l

and 1982 examination results revealed that the percent through
DRF 029572 wall determination showed no trend of continued through wall

growth. 907. of the new indications were of size at or near
the threshold of GPUN standard dif ferer.tial technique sensitivit;'

of detection. The results of the growth sample study showed
no evidence of an active mechanism occurring during the period
of observation.

Conc lu s ic.t_
The 1984 examination identified indications that were already

in the tubes in 1982 but because of their weak signalpresent
amplitude were masked by background noise. The mechanical,

j 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 numeer
i

of new relevant indications were detected in the "A" and "B" steam generater j

tubes. These new indications were 'not detected back in November 1982 when a

full length eddy current examination was conducted on all the inservice ''A"

and "B" steam generator tubes. During botn inspection periods the same eddy

current examination technique was employed.
|

|
|

Since the 1982 eddy current examination both steam generators nad undergone |

mechanical loading due to kinetic expansion tube repair and thermal / hydraulic

loading due to two not functional tests.

GPUN first determined that a new corrosion mechanism was not active. This was
.

determined througn repeat ecdy current examinations on a controlled greuo cf

tubes in 1984 after initial detection of tne new indications. ints revealed

that no growth or change in given ecdy current signals occurred for the time

period s'.udied.

The 1984 Indications were characterized as to size, location, depth and tnen

compared to the 1982 examination results. GPUN concluded that the 1984 inci-

cations are a smaller additional subset of those dete:ted in 1982 examira-

tion. The percent through walj i u circumferential estent fcr 907. of the

- _ _ _ _ _ _ _
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1984 Indications are of a size that approximates the threshold of detection

for the measured sensitivity curve using the GPUN quallfled standard dif-

forential addy current examination process.

Detailed analysts 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

explained)

(2) The percent through wall assignments, as determined by phase angle

measurement, did not show continued through wall degradation from

1982 to 1984.

(3) For indications not previously identified in 1982, the amplitude of

the eddy current signal-has substantially 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.

(4) For indications not previously ident4 fled in 1982 the increase 19 7e

amplitude of the indications in 1984 contributed to our ability to

detect the small indications whien now revealed themselves above tne

surrounding background noise. The latter combined with the low

amplitudes associated with tne signals from the indications preventec

earlier detection.

______ - _ _ _ - _ _ _ _ . -
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Impilcit 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 througn wall and

circumferential extent than the 1982 indications. Addltionally, 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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I. INTRODUCTION

In Nov' ember of 1984, eddy current examination was performed on the TMI -
'

Unit 1, once through steam generator (OTSG) tubing in accordance with

Technical Specification 4.19. The examination ultimately included 14.615

tubes in the "A" OTSG and approximately 6,500 tubes,in .the "B" OTSG. This

examination'was concluded with a total count of 328 tuces with confirmed

indications having tube wall degradation 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 degradation less than 40 percent. Those tubes with

20-40% through wall indication are classified " degraded" tubes and are

required to be monitored for change at future examinations. In addition,

those tubes which contain Indications of 40% through wall or greater but

do not meet the approved plugging criteria will also be monitored.

Since tne last complete eddy current examination (1982 baseline) performed

on tne OT5G in 1982, he OTSG tuces have ceen subjected to mechanical
~

loading due to kinetic expansion repairs and thermal and hydraulic

loadings due to the two hot functional tests. The eddy current eramina-

tions performed subsequent to these loadings have resulted in the detec-

tion of indications not seen previously.

.

:
i

t
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The analysis performed herein has the following purposes:

1. To characterize and report the indications identified during the 1984

examination.and compare these characteristics with indications re-

ported during the 1982 baseltne examination. The purpose of this

comparison is to evaluate the pattern of defect distri.bution and to

determine'If the affected areas correspond to the previously affected

areas.

2. Determine the correlation of the Kinetic expansion and subsequent not

functional test to the detection of indications not detected crice to

these loading events. And. evaluate the imDact from a Chronological

perspective.
.

3. Review tne data from the 1984 Growth Program and evaluate the results

to determine if evidence of continued tube degradation entsted.

II. METHOD OF EXAMINATION

The eddy current examinations performed in Novem0er of 1984 utilized Octh

standard differential and absolute eddy current examination techniques,

This dual examination method was developed by GPUN to scecifically detecti

!
and confirm small volume but predominately circumferentially oriented

inner clameter cefects. (See Appendix A). .

| :

1
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The dual examination method involved first examining'tM tubing'with a
'

high gain standard differential technique using a .540" dtameter eddy

current probe. If no indications are detected the examination is com-

plate and the tube is considered acceptable. Tubes.found to have

standard differential Indications were examined a second time using the

absolute Sul technique which used a probe having 8' independent coils.

The absolute .8xl 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-

lute Sul, examination.

This dual examination metnce is the same method GPUN quallfled and used

for the 1982 baseline eddy current examination of the THI-1 OTSG tubing

(Ref. 1)

III. SCOPE OF EXAMINATICN

ine initial set of tubes for the 1984 eddy current e<aminations was a 3%

sample selected in accordance with the recuirements of Tecnnical Scecifi-

cation 4.19. As required by 4.19, this set included all tubes rcea!ning.

in service whicn were classified " degraded tubes." These tubet had orev--

tously reported indications of 20 40% through wall and are referred to as

the ISI tubes. Approximately 50% of the 3% sample was from the nign :e-

fect area (outer periphery) with the remaining 50% being located ran::mly'

,

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. As a
'

result of these discontinuities, the examination scope was-increased to

include 100% of the tubes in the affected area of both 075Gs. This in-

creased scope included 100% of the tubes in OTSG "A" and 100% of the

tubes in the outer periphery of OTSG "B". This outer partsnery is de-

fined as the area outside the outer tie rod circle and includes approxt-

mately 6500 tubes.

The November 1984 examination was not continued into the center of the
1

"B" generator because no confirmed indications la0% through wall.were

found in this area during the random examination. The indications re-

ported in the "B" generator were at a significantly lower frequency than

reported in the "A" generator. And their distribution declined sharply

with distance from tne outer perimeter and was bounded by the outer tie

rod circle.

As part of the expanded scope, a sel'ected 100 tube sample, designated the

"A" Growth Program.*was monitored in order to determine if tnere was an

active mechanism initiating the 1984 eddy current incications. This

sample was also comparatively evaluated against the ecdy current tapes

from the 1982 examination.

.

9

|

- _ __ -. -._ , _ _
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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 cannot ce

effectively examined and evaluated with the standard differential tech-

nique and are therefore not included in the tubing examinations.

.

IV. RESULTS OF 1984 EXAMINATIONS

A. INDICATIONS REPORT

As a result of expanding the scope of the examinations. 14,615 tubes

in OTSG "A" and approximately 6500 tubes in OTSG "B" were examined.

Of these tubes. 298 in OTSG "A" and 30 in OTSG B were identified as

naving relevant indications 40% througn wall or greater. In addt-

tion, 265 tubes in OTSG "A" and 44 tubes in OTSG "S" were identified

as having confirmed indications from-20 40% througn wall and are

classified as " degraded tubes". These tubes and any tubes with

confirmed Indications 40% through wall or greater which do not meet

the approved plugging criteria will be monitored during future

examinations as "ISI tuces"

8. ISI TUBES

The subset of ISI tubes included 28 tubes in OTSG A and 56 tubes in

OTSG B which had indications of 20 40% througn wall penetration

identified and recorded during previous examinations.

These ISI tuees were examined as a suoset and an in depth evaluation

ano com arison of tne 1984 data to the crevious data was cerformee.

'he cur ose of tnis eva'uatten and ::mcartsen ,as :o cetermine if -9e

:re<+ '.s'j 3e9:if'e: inc' at' Ors mac 'gr:wn"

I

i
1

_, _,_
_ _ _ .
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The, criteria used to establish growth addressed significant changes

in percent through wall determinations, changes in signal voltage or

changes in a're length of the monitored indication. When performing
.

evaluations of this type, it must be noted that changes of aDout 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 ti.is type can

be expected. For the absolute 8x1, the orientation of the coils to

the defect may change the numcer of coils an indication appears on by

I additional coil during reDeat examinations. The evaluations must

therefore factor in these limitations on receataollity.

An indepth analysis of the phase angles of the indications from 1982,

1983 and 1984 was performed and is addressed in section VI of tnis

TDR.

IS! Tutes in tne "A" Generator

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

growth for any of the previously identified Indications.

Two tubes, A-2-9 and A-88-128. had inoications previously identi'ie:

as being <4'0% through wall which were subsequently reported as ;4C

througn wall in 1984. Tnese indications were compared by the data

:

, . , . _ _.. .._
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analyst on a one-to-one easts to tne previcus data and it was ceter-
'

mined tnat tne change in tne~ percent through wall determinations were

caused by variations in the repeatability of the overall eccy currect

process and not by the anysical changes in the tube.- (See Table li.

ISI Tubes in the "E" Generator

In OTSG "B" tnere was no indication of "qrowth" for 56 of tne 56

tubes. One tube E-98-5'did have an indication reported as greater

than 40% thr0ggh wall anc required furtner evaluation. Tne detatis

for this tube are shcan in ta:1e-1.
.

Tne 1982 and previcus data for tnis tube was re-evaluated by the. data

analyst to compare the edaj current signal's shape. The analyst de-

termined tne variatter in :ne cercent tnrough wail determinati:ns wat

attribute 3 to distcrtion of easy current signals caused y multiple

indications and was not a result of physical changes in the tute.

Status of ISI Tubes

A numbe' cf tubes pre /lously place: in the ISI category during the

1982 basettne esamination were determined to have non-relevant in:'-

cations as a result of tne 1984 absolute 8x1 examination.

. - - .
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These tubes had non-relevant indications as determined by absolute

8xl in 1982 but were placed on the ISI list for monitoring purposes

in order to verify the precision of the absolute Sul confirmation

exams during future dual examination exercises. With the completion

of the 1984 examination and the consistency of reporting the same

standard differential indication as non-relevant, these tubes were

removed from the ISI list.

The number of ISI tubes (Degraded Tubes) has increased as 254 tuees

in OT5G A and 20 tubes in OTSG B had confirmed indications from

20-40% through wall in 1984 which were not previously identified.

This outs the present population of ISI tubes between 20 40% througn

,
wall at 265 tubes in "A" and 44 tubes in "B".

i

r

.

*
.
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Table 1

ISI Confirmed Indications
Greater Than 40% Througn Wall in 1984

April Nov.
-Incication 1983 Post KE Data 1984 Post HFT Data

Gen Row Tube Elevation Origin % T.W. Volts % volts

A 2-9 US+06* ID 40% 1.7 45% 1.5

SS - 125 12+05 10 < 20% 0.9 312 1.4a

13-u9 ID < 20% 0.6 <201 0.6
US-11 10 23% 1.9 41% 2.5

~

5 95 - 5 US-07* 10 37% 2.3 48% 4.0
US+01 ID < 20% 1.9 <20% 2.0
US+04 ID < 20*; 2.3 21% 3.5'

.

*imeciately celow expancea area

Note: These tubes were removed from service in 1985.

.
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C. CHARACTERIZATION OF INDICATIONS

The indications detected during the 1984 examinations were character-

12ed by the location and extent of degradation based on the eddy cur-

rent response signal. Details, listing the data in support of this

section are included in Appendix B.

.

The characterization is further defined by comparing the 1984 indica-

tions with those reported in 1982. For this comparison GPUN used the

1984 data described previously and the 1982 standard differential

hign gain data base. The 1982 data base included all tubes examined

using tne GPUN dual examination method prior to 1984 This data base

was previously used to disposition the OTSG tubes for the Kinetic

expansion crocess and subsequent tube plugging. This data base con-

tains the 1982 baseline results which are summarized in TOR 442.

(See Ref. 2).

Both 9e stancarc cifferential anc acsolute tecnnicues are usec to

furnish these characterization as described below.

Standard differential response signal offers the following:

a. Amplituce (this relates to the defects geometry and volume, and

is reported as a voltage reading).

b. Percent througn wall (this relates to the response signal's : 15e

angle and is measurec in degrees).

.

8 - _ _ . - _ . - - ,m . ._ ,. . . - -
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C. Axial locations are reported by distance from the tube support

plates'that.are spaced at known elevations in the generators.

Absolute 8xl signal offers the following:
.

a. Number of coils (this relates ,to the defect's circumferential

evtent). The maximum circumferential extent is 8 coils and

represents a defect circumferential arc length that could be.as

much as 360 degrees.

.

NOTE: Amplitude. pnase and axial location are also recorced

on the absolute 8ml results; however, these results are

used only to confirm the standard differential indica-'

tions.

1. RADIAL CISTRIBUTIGN

ine indications detected curing the 1984 examination were located

in essentially the same areas of the OTSGs as those discovered in-

1982. The indications were located predominately towards the

outer periphery of both OTSG A and B. In addition to the indica-

tions located in the periphery there was also a smaller number of

indications present in tne center of OTSG A. No indications'

greater than or equal to 40% through wall were reported in tne
,

center cf OTSG B. (See Figures la and Ib).

.

0

, , , - - , - -,
. , - - . - - - - . , - - - - , , - - -
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2. AXIAL DISTRIBUTION

The axial location cf the 1984 Indications can ce characterized.

as being towards the top of the OTSGs. For OTSG 'A, 79 percent of

- the indications during the 1984 examination are located in or

above the 15th span with 57 percent of tne indications 1.n OTSG B

located in this region. This corresponds with 82 percent in ''A"

generator and 74 percent in "B" generator for the 1982 examina.

tion.

In order to compare the 1982 and 1984 axial distributions, it

must De noted that the majority of the indications detectec cur-

ing 1982 were within the uoper tube sheet area and were captured

by the kinetic expansion O'rocess. As a result of the expansion

process and the coining of the tute wall against the tute sneet

an examination of the coinea area was not cossible using the

standara tfferential proce. Only the area of the tube celow tne

eucansion :cre could ce esaminea using tne stancarc different'al

technique.

With the exception of the upper tube sheet region, tne overall

distribution of the indications in 1984 closely resemeles the

1982 distribution. This distri2'ation snows the inoications a'e

concentrated towards the uppermost scolons of tne OTSGt anc ne

frequency of occurrence decreases snarply at the lower regions.

(See Figures 2a anc 2b).

. __-- . _ _ _ . _ _ _ _ .__ - -- .
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3. SIGNAL AMPLITUDE

The majority of the discontinuities detected in 1984 were small

volume as indicated by the amplitude of the standard differential

signal. In OTSG A 93 percent of the 1984 Indications detected

were 2 volts or less in amplitude, while in OTSG B 74 percent of

the. indications were in this category. -

This voltage distribution corresponds to approximately 93 percent

of the 1982 in.dicaticns in OT5G A'and 78 percent of the indica-

tions in OTSG B.as being 2 volts or less. (See Figures 3a and
.

3b).

To establish a reference volume for the discontinuities in this

range, a comparison can ce made to the responses from the call-

bration standard. This standard has a 100% through wall 0.052"

diameter drilled hole which creduces a 15 volt resocnse signal

for calibration curseses. ints indicates that the discontinu-

lties present in the OTSGs are of a significantly smaller volume

than the calibration standard.

4. PERCENT THROUGH WALL

The 1984 eddy current examination results have snown that a ::n-

siderable numeer of the reported indications measured less : in

40% through wall penetration. The 1984 examination reported 563

.- ._. - -._ ._. -_ - . - -
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tubes in "A" and 74 tubes in "B" with confirmed indications. In

the "A" generator the indications in 47% 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 exanalnation, the results indicated higher percent

through wall degradation. In the "A" generator, 50% of the indi-

cations reported were 90% through wa'll penetration or greater

while 3% of the reported indications were less than 40% through

wall. In the "B" generator, 16% of. the indications reported were

90% through wall penetration or greater and 40% of the reported

indications were less than 40% through wall. (See figures da and
.

4b).,

The contrast between the 1982 and 1984 examination results for

percent througn wall comcarison must consider that most of tne

tuping within the upper tucesneet region could not be examinec 19
.

1984 This region accounted for 63% in "A" and 61% in "B" of the

reported indications in the 1982 examination. This comparison

serves as an approximation only, since an improved inner diameter

conversion curve was used for the Novemcer 1984 examinations

(Ref. 3).
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5. CIRCUHFERENTIAt. EXTEN,LT

To confirm the relevancy of the reported standard differential

indication an absolute 8x1 examination is performed. The numcer

of coils that respond to a relevant Indication provides an esti-

mate of the Indication's circumferential exte'nt. The 1984 exam-
,

ination results showed that the confirmed Indications ranged from

1 to 3 cells. The circumferential extent for a one coli indica-

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 indt:a-

tion is from 0.219" to 0.632". (Ref. 4). For the "A" generator

approximately 90% of the confirmed indications were I coll, ao-

proximately 10% were 2 coils, and only 2 indications were 3 cells

of which one was outer diameter. For the "B" generator 79% of

the confirmed Indications were I coll. 20% were 2 coils. And Only

one was 3 coils.
,

For the 1982 examination the results showed that tne confirmed

indications ranged from 1 to 8 coils. For the ''A" generator 56%

of the confirmed indications were I coil. and-for tne "B" gener-

ator 50% of the confirmed indications were 1 coil. A greater

number of 2 coil and greater indications were confirmed by abso-

lute 8x1 during the 1982 examination than in the 1984 examina-

tion. (see figures 5a and 5b).

... --
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0. SUMMARY OF INDICATION CHARACTER!ZATION

The eddy current examinations performed in 1982 and 1984, both utti-

Ized the GPUN quallfled examination program using a comelnation of

standard differential high gain .540" probe and absolute 8x1 proce.

This dual examination method was developed to detect intergranular

stress assisted cracking, p'redominately circumferentiaily 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" and "B" generators. The 1984 examination were also
,

full length newever the kinetic expanded area could not be examined.
.

.

Some tuces could not be examined with the 5.0. 540" arece below the

center of the lower tubesheet due to ligament distortion from adja-

cent evolosive Olugs.

The comcarlson of the 1982 to 1984 data showee :ctn similarities and

differences in the characterization of tne inalcations reportec. The

characterization of the axial and radial distribution showea the in-;

dications occurred in the same regions of tne OTSGs in both 1982 and

1984. The amD11tudes of the indications al'so appears to De simi'ar

in 1982 ano 1984. The differences between the two sets of data 1:-

pear in the percent through walls, which are significantly lower in

1984 than in 1982 and in the circumferential extent which is also

smaller in 1984 than in 1982.*

- _ _ _ - . . - - _ . . _ . _ _ . _ . . __ __.--_ - . . - .-.
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This characterization and comparison would suggest the 1984 Indica-

tions are a smaller addltional subset of those detected during the

1982 examination.
'

To determine how the size of the new 1984 Indications reflect on ,the
' given sensitivity curve esta0115hed in TDR 401 and 423, the maximum

size of the new indications detected was estabilshed and compared to

the above. It was determined that approximately 90% of the indica-

tions are a maximum of one coll. (Note: a one coil indication if

not preferentially oriented could give a two coil response). Adot-

tionally, accrostmately 90% of the new indications were determined to

be between 20-60% through wall. Using this data against the sonst-

tivity curve shown in TDR 423, the new indications appear to predem-

Inately reveal themselves at or near the tnreshold of detection of

the given sensitivity curves.

It was determined that accroximately 107. was from a copulatten that

ha* 160% through wall determination. For indications 160% through

wall all were 1 or 2 coils with the exception of one indication in

tube 8-97-5. The indication (76% through wall, 3 cells) was located

at the upper tube sheet lower face region. It is expected that the

|
'

sensitivity for detection is suppressed during the eddy current orcee

cassage into and out of (0.5" distance) this region. (Ref. 1).

|

|

. . . . . . __ _ _ _ _ _ - __ _.:- _ _ .
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The two other 3 coil indications in tubes A-84-131 and A-79-1 had

<20% and 52% through wall determinations respectively.

The three, 3 coll circumferential extent indications, and the 160%

through wall indications are of dimension below those analyzed to

withstand the main steam line brake loadings (See FiguYe 6).

The following is the breakdown of the 1982 and 1984 characterization:

1982 1984,

1. Radial 01stribution Predominately in the outer Predominately in the
pertphery of both "A" & outer periphery of both
"B" (significantly fewer "A" & "B" (significantly
in "B") fewer in "8")

2. Axial Olstribution Predominately in the UTS Most in UTS Region :50%.
Region 63%, and Some in 16th span :19%
16th span :14%

3. Amplitude 76% less than 2 volts in 75?. less than 2 volts in
(Voltage) "A" and 51% less than ''A" and 47% less tnar

2 volts in "B" 2 volts in "B"

4. Percent 50% greater than 90% T.W. 2% greater tnan 90% T.W.
Through Wall and 96% greater than 40% and 40% greater than 40%

T.W. in "A". 16% greater T.W. In "A". 1% greater
than 90% T.H. and 60% .than 90% T.W. and 27%

' greater than 40% T.W. In greater than 40% T.W. In
"B" "B"

,

y - , _ _ _ _ _ _ .Q- _ - - . _ _ - . _ - . - - .c.__ _.____._..##_
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1982 1984

5. Circumferential The indications ranged The indications ranged
Extent from 1 to'8 colls in both from 1 to 3 colts in both

"A" and "B". For "A" "A" and "B". For "A" 90%
more than 90% of the in- of the indications were 1
dications were I and 2 coll. For "B" more than
coils (66% - I coil and 90% of the indications
301 - 2 col 1s). For "B" were 1 and 2 coils (79% -
more than 90% of the in- I coil and 20% - 2 cells).
dictations were 1, 2, 3 There was a total of 3-

co11s (50% -1, 34% -2 indications with 3 coils
cells ana 8% .3 coils) 2 were inner diameter and

I was outer diameter

,

e

o

L
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k
*

I

TUR 652
* *

Rev.2
Page 25 of so

V. REVIEW 0F PRE KINETIC, POST KINETIC & POST NOT FUNCTIONAL EXAMINATION DATA

-A. OVERVIEW

GPUN performed a 1007. Examination of the OTSG tubes in 1982. This

- examination is referred to as the 1982 baseline.

Since performing this examination GPUN has reexamined a select number

of the OT5G tubes to monitor the effects of the kinette expansion

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

These examinations revealed the presence of Indications which were .

not previously identified during the 1982 baseline examinations. To
I more fully uncerstand the appearance of these indications GPUN per-

formec detailed evaluations of the available eddy current data to

determine if the indications had been present but could not ce ce -

tected on orevious examinations or if the indications were in previ-

ously unaffected areas of tubing.

Itc'uded in these evaluations were data sets of:

| 1982 In orocess Evaminations for Kinetic Ecoansion (Octoeer. 1982)-

Purpose: Determine the effects of (inetically expancing the 075G
i

| tubes.
i

'

L
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This data set consisted of examining 437. tubes in OTSG A and B after

the tubes were expanded. The data was then compared to the 1982

baseline.

1983 Post KE Examinations (Aoril. 1983) ,

Purpose: Determine the effects of the complete kinetic expansion
.

process on the OTSG tubes.

Tnis cata set consisted of examining 477 tubes in OTSG A & B after

tne kinetic expansion repair was completed. The data was then com-

pared to the 1952 baseline. This cata set includes tne ISI tubes.

1984 Post HTT Examinations (Nevember. 1984)

Purpose: Determine tne cumulative effects of the kinetic expan-
,

sien repair and subsequent HFT on the condition of the

OTSG tubes.

A data set of 375 tubes was icentified from the November 1984 popula-

tion which remained in service for which GPUN had 1983 post kinetic

espansion cata. This. data set includes the ISI tubes. This data as

then ccmpared to the 1983 post kinetic expansion and the 1982 ease-

line data.

.
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Also included in the review were 45 tubes with indications identified

as 140% through wall, during the 1984 examinations. These tubes were

selected from tubes l'ncluded in the 1984 flaw growth program. Since

no 1983 post KE data was available, the evaluation results were com-

pared to the 1982 baseline.

8. METH00 0F EVALUATION

Ouring the evaluations, the data analyst reviewed the magnetic taces

of the previous eddy current data for tubes with newly detected indi-

cations. This review was acccmplished by isolating the specific area

of interest and performing a detailed review of the eddy current sig-

nals. By isolating 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 ty production analysis tech-

niques. This intense focus permitted the data analyst to identify

the possible presence of low level edcy carrent signals nien may be

masked by eacKground noise curing procuction analjsts.

Once the signal was identified and isolated, the analyst then

measured and recorded the signals amplitude, wnich indicates the vol-

ume of the discontinuity, and the phase angle, which indicates the
i

depth of the discontinuity.

!

l
:

!

l

m
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The amplitudes and phase angles of the signals were then character-

1 Zed to determine the relative size of the discontindities. The

evaluations from the successive examinations were then compared to

establish when the signals were first detectable by addy current.

This also characterized any changes which made the signal detectable

by production eddy current techniques.

C. RESULTS OF EVALUATIONS

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

cluced,that:

.

1. Knowing the exact location of a reported indication, most of the

Indications could be identified in previous examination data.

This indicated the discontinuities were creviously present br'

not detectacle due to their low amolitude.

2. As a result of tre kinetic encansion and the not functional test-

ing the amolitude of previously unidentified signals increased

making the signal resconse more detectable. this was tycically a

100-200% increase in amelitude which brought tne signals aeove

the threshold of detection. This can be attributed to an in-

crease in the volume of the discontinuity.

Example: 1984 data shows 1.5 volt signal in 0.5 volt noise,

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

volt noise at the same location.

-
. .
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3. A1though the amplitude of the signals increased, the phase angle
,

of the signals did not show a correscending increase for the

indications first detec'ted in 1984. This would indicate that,

although the volume of the discontinuity changed, the Dercent

through wall penetration remained constant. This is discussac

in greater detall in Section VI of this TOR. --

.

4 The new.(1984) indications which were reviewed are located at

the upper elevations of the OTSGs. This corresponds to the

previously affected areas of the OTSGs identified during the

1982 examinations. ,

D. OETAILS OF EVALUATIONS PERFORMED

The following is a brief description of the evaluations performed anc

the cetails of the data sets utilized. The data sets are cresented

in chronological orcer to demenstrate the cumulative effects of the

various OTSG activities ucen tne tuces since the 1982 caseline. Tnts

chronology is also contained in Table 2.

1982 in Process Examinations for Kinetic Evoansion (October, 1982)

Purpose: Determine the effects of kinetically expanding the OTSG

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 be expanded located in rows 1-8. In both OTSGs.~

.

This examination identified discontinultles which were not previously

recorded in 15 of tn'e 437 tubes examined (3.5%). An evaluation was

performed at that time to determine why the indications were not

identified previously.

This evaluation is documented in TOR 401 (Ref. 4) and TR-008

(p. 44 45) (Ref. 5) and concluded that:

1. The indications were not initiated by the kinetic expansion pro-

cess nor was tnere any evidence of detectabl propagation of

existing incications.

2. The defects were small (tnresnold) tyce 'ndicattens tna! 9ac

either been masked by the nign background noise levels in the

upper tube sheet regions or were sufficiently tight that signift-

|
cant metal removal was not present to permit detection. Kinetic

|

| expansion may nave altered these areas to make them more detect-
.

able.

i
1

!
.

0

1

.

L
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1983 Post Kinette Encansion Esaminations (Aprt1. Ir;g33

Purpose: Determine the effects of the Kinetic Espansion Repair
'

and associated fube Plugging Activities

GPUN examined a sample of 477 tubes in OTSGs A and B using the dual

examination mothed. This samole was selected to determine if the
,

i

| kinetic espansion crocess had significantly altered the conditien cf
| .

the OTSG tubes.
. .

The samole was cased on the requirements of GPUN speciflCatien

SP-1101-22-014 which is summartzed in TR-008 Appenclu A

(p. 109-113). The sample requirements are summarized below:

(a) All tubc1 with (40% tnrougn wall 1,olcations =nich remainec

in-service. (ISI Tubes)

(e) All tubes adjacent to 10 selected simoly plugged tutes .'tn

defects in the 15th, 10tn and 1st scans. (10 tuees eacn

OTSG).

(c) All tubes adjacent to 10 selected simoly clugged tuces. '-

tne ceripnery of each OTSG.

(d) 50 tuees in nign ol'ugging censity areas in eacn CTSG. t

, . . ..
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(e) All tubes adjacent to 5 plugged tubes in each OTSG with >3

volt signals in the lower part of the OTSGs.
*

.

(f) In'-addition to (a) through (e) above, all tubes identif!ed 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 the " worst case" areas of the OTSGs'. The examination resulted in

the identification of Indications 140% through wall which were not

previously re:orded in 35 tubes (7.5%). In addition, l'of the indi-

caticns previously identified as being <40% through wall in OTSG A

appeared as 140% and required further dispositioning. 'The comparison

of the tube status prior to and after the (inetic expansjon process

is summarized in Table 3 and in TR-008, Accendix A (D. 109-113$.

.

In its 1983 evaluation GPUN reviewed the 1982 Daseline to establish

the cause of the newly detected indications. This review concluded

tnat:

1. The majority of the indications could be detected during detailed

reviews of scecific areas of the 1982 baseline data. These re-

views showed tne indications had typically Denn present at 1:a

amplitudes and signal to naise ratios of 1 to l'or less.

. _ . -
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2. The kinetic expansion process apparently caused the amplitude and

corresponding signal to noise ratto of the indications to in-

crease thereby making them more detectable.
.

3. The indications were located near the too of the OTSG. Twenty

eight (28) of the 35 (80%) of the indications 1 0% through wall4

which had not previously been detected were located within the

upper tube sheet. This would be the area most affected by the

kinetic e Dansion process.

4 The chase 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 the 1982 baseline and 1983 cost KE data to ce-

termine if the indication (ISI tube in 1982) creviously identifiec as

being <40% througn wall in 1982 and tnen reported as. greater tnan

40% through wall in 1983. Indicated a enange in tne status of the

tuce. A detailed review of this tube anc prior associated inoica-

|
tions revealed that they were outside diameter originated anc are

!

therefore not part of this evaluation for primary side attack. Its

disposition was coverec Oy the TMI Unit I technical scecificatices

requirements and the tube was removed from service.

4

, --
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198a Post Hot Functional Testino Examinations (Novembe'r. 198a)
i

.

Purpose: Determine the cumulativ.e effects of.the kinetic expan-

sten repair and subsequent hot functional testing on*
.

the condittor.'of the OT5G tubes.

.

Following the hot functional testing (HFT) performed after the kin-

etic expansion repairs (KE) GPUN performed the 1984 examinations of

the TMI OT5Gs. These examinations provided a basis for determining

the cumulative effects cf the kinetjc expansion repair and subsequent

hot functional testing of the OTSG tubes. These examinations identi-

fled indications not recorded in previous examinations. To charac-

terize the newly recorded indications and determine when they could

first be detected. GPUN performed extensive reviews of the historical

data for 2 data sets. These data sets are discussed in (A) and (B)

Celow.

(A) The first data set selected for evaluation from the November,

1984 data set was 375 tubes for which post kinetic expansion data

was available. This data set included:

(1) All tubes remaining in service in OTSG A which were'previc*.!-

ly examined curing the 1983 post KE examination. This con-

sisted cf 163 tuces with no previously recorded indications

'and 28 tutes pre.iously identified as having 20-40% througn

wall indicaticns (:5I Tutes).
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(2) All tubes in the outer periphery of OTSG 8 which had been

examined in 1983 and remained in service following the.1983 |

1xast KE' examinations. This consisted of 128 tubes with no

previous indications and 56 tubes previously identified as
.

- having.20-40% through wall indications (15! Tubes).
.

As a result of these examinations, 14 of the 291 (5%) tubes with

no previous indications were identified as having indications

1 0% through wall. Of the 84 previous ISI tubes, 3 tubes had4

indications reported in 1984 which had not been previously

identified in 1983. These 14 tubes with no previous indications

and the 3 ISI tubes are discussed separately below. The results

of the examinations are summarized in Tables 4 and 5.

Tubes With No Previous Indications

For the 14 tubes with indications 140% througn 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

I examinations. This evaluation concluded that:

1. During the review of the 1983 post KE data, 14 of the 14

Indications were detectable but were low amplitude signals

within the noise. During the review of the 1982 baseline
.

.

- , , - - . - - . - - , - -
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data, 9 of the 14 Indications could be identified. This

would suggest that both the kinetic expansion and hot func-

tional testing increased the detectability of the indications.

2. The amplitude of the indications increased from the 1983 post

KE examination to the 1984 post HFT examinations making them .

more detectable from the surrounding noise.

3. The indications recorded during the 1984 Post HFT examina-

tions have a small circumferential extent as snown by the But

&Dsolute probe. Of the 14 indications having 140% through

wali penetrations, 13 appear as I coil and I accears as a

2 coil indication. A 360* Indication would appear as an 8

coil indication.

ISI Tubes

For tne tnree previous ISI tubes wnich nave indications 14 C *.

through wall, which were not previously identified and reported

in 1983, the evaluations are as follows:

!

; One tube A-120-106 snowed an addttional indication whien was
|
'

identified as being 95% througn wall and 4.0 volts and nas 'c-

cated at the edge of the 15th support olate.

!
|

|

|

I
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Upon a re-review of the 1983 Post Kinetic Expansion Data it was

determined that the indication was present at approximately 557.

through wall and 2.1 volts but the signal was masked by the signal

' from the ' tube support plate. The effects of the support plate signal

also distorts the phase angle of the eddy curren.t, signal making an

accurate percent through wall determination impractical.

This particular tube support is a drilled support and cannot be

" mixed out" using the multifrecuency eddy current technicues used to

examine the broached supports located throughout the rema'inder of the

OT5Gs. This creates a zone of reduced sensitivity (approntmately .5"

above and below the edges of the support plate) at the drilled

support locations. The 1983 signal at 2.1 volts is below the 3.3

volt threshold of detection for the drilled support pla'te as

established in TOR 423.
.

this zone of recuced sensitivity a:p;ies to tne edges of coth the

upper and lower tubesneets anc the drilled hole in the 15th support

plate. The drilled 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 indications in th?!

area, they do not have tnis zone of reduced sensitivity for detect :n

of incications.
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The other two tubes. #-3-31 and A-149-14. nad indications greater
,

than 40% through wall reported in 1984 which had not teen previ-

ously identified. In the re-review of the 1983 data at tne spec-
.

Ifled location, the indications were identifled and compared to

the 1984 data. This comotrison showed the ind'ications were low

amplitude signals masked by noise in the 1983 data. (See Table

5). -

.

(B). The second data set selected for evaluation from the Novemcer

1964. data set was 46 tubes with indications first identiflea dur-

Ing the 1984 examinations. This data set included:

(1) 12 tubes eitn indications less tran ar- . rough wall and 34

tutes with ledications greater tnaq 40% througn wall. Tre

tuces selected for this evaluation were oreviously included

in the 1984 Growtn Program.' The-tubeswerelockte0inthe

outer peripnery of the OTSG A.

The indications were characterizec and comoared to tne 1982 caseltne

data. The results of the evaluation conclude that:

1. Knowing the exact !ccation of the 1984 Indications, tne corres-

conding indications could be identified curing a review of e

1982 baseline data for 32 (70%) of the tubes. This would inot-

cate the areas had caen affected prior to the 1982 baseline exam-

inations.

-
.

. _ .
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2. A comparison of the 1982 to 1984 data snows the average

amplitude increased from 0.6 volts in 1982 to 1.5 volts in

1984. This demonstrates the amplitude of the Indications~

Increased during this time period making them more*

detectable.

.

3. The comoarison of the 1982 to 1984 percent through wall
.

determinations snowed a slight downward trend of appros-

imately 11 percent througn wall (equivalent to 3* cnase

angle enange). Based on this phase angle evaluation. no

significant trend of through wall growth can ce estac-

lisned. This trend is f'urtner discussed in Section VI of

tnis TDR.
.

.

4

, _ _ _ _ __
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Table 2 -

Chronology of Steam Generator Evolutions and
Correspondino Eddy Current Examination

Steam Generator Eddy Current Examination
Event Ouratton Data Sets Results > 40% T.H.

A 8

Start-up & Test - -

. 131 tubes leak Oct-Nov 1981 July-Sept 1982 885 273
(1982 baseline)

,

Kinetic Expansion
Repair Oct-Dec 1982 Oct-Nov 1982 9 6

(in process)

April-May 1983 22 14

(Post)

Hot Functional Aug-Oct 1983 - -

Test May 1984 - -

,

4

Leak Test June 1984 July 1984 0 1

Ory Lay up June-Nov 1984 - -

Tech Spec
4.19 Nov-Dec 1984 Nev-Jan 1984 298 30

|

.

e
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.

Table 3
.

Results of 1983 Post Kinetic Expansion Examinations

.

Status Prior to Kinetic Expansion (1982 Baseline)
~

..
'

ISI Tc
Tubes Tubes Tubes Tubes Prevent

OTSG Examinec NRI <40% (ISI Tubes) 240% Plu;<
,

A 215 200 14 0

B 263 212 51 0 i

,

TOTALS 478 412 65 0

Status After Kinetic Expansion (1983 Examinations)
.

...

ISI T:
Tubes Tuoes Tubes Tubes Preven.

OTSG Examinec NAI <40% (ISI Tubes) >40% Plug ~
,

A 214 163 28 (12 previous ISI) 22 (1* previous ISI)
(16 previous hRI) (21 previous NRI)

5 263 193 56 (51 Previous ISI) 14 (0 previous ISI) :
-- -- ~~

( 5 Previous hRI) (14 Previous NRI)
TOTALS 477 356 84 36

NRI - No Relevant Indications

NOTES: * In 1 tubes, indications reported as <40% tnrough wall in 1982

were reported as >40% through wall in 1983. These indications
,

are outsiae ciameter initiated and are not consicered relevant to

tne present evaluations.

** Tnese ISI tuces were preventively plugged in accordance witn

engineering dispositioning baseo on location (axial and/or

racial) of <40% thru wall indications. |
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Tacle 4

Results of Post Hot Functional Testino Examinations

|

Status of Tubes Prior to H.F.T.
i

Tubes Tubes Tubes Tubes.

1 0%4OTSG Examined NRI <40% (ISI. Tubes)

A 191 1 '
~

28 0
,

B 184 1 56 0
Tctal 375 291 84 0

Status of Tubes After H.F.T.

Tubes Tunes Tuoes Tubes

OTSG Examined NRI <40% (ISI Tubes) 140%

A 191 133 39 (23 orevious ISI) 19 ( 5 previous ISI)

(16 previous NRI) (14 previous NRI)

8 184 127 -56 (55 crevious ISI) 1( 1 previous ISI)
-- ~

( 1 previous NRI) ( 0 previous NRI)
Tetal 375 260 95 20

.

NRI = No Relevant Indicat:cns

.

. . - -r
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Table 5
'

.
,

ISI Confirmed Indications

Greater Than 40% Through Wall in 1984

*

April Nov.
.

Indication 1983 Post KE Data 1984 Post HFT Data

Gen Row Tube Elevation Origin % T.W. Volts % volts

A 3 - 31 13+0 ID 33%* 1.1 33% 1.5
13+04 ID 27%** 0.8 <20% 1.3
13+05 10 33%** 1.3 36% 3.3
13+08 10 40%** 0.6 45% 1.5
13+15 ID 30%** 0.3 28-31%. 0.8

.

A 149 - 14 14-06 ID 86%** 0.4 76% 0.6
15-16 ID 80%** 0.5 69% 0.7
US+04 ID 20% 1.0 Not Detected

A 120 - 106 12+09 ID 40%** 0.5 41% 1.4
13 08/15-08 ID 50%** 0.4 48% 0.7
15"O 10 55%** 2.1 95% 4.0
US+02 10 20% 1.1 20% 1.2

Represents re-evaluation of 1983 data.*

** Inoications not previously identified during production examinations, indi-
cations first identified during 1984 review of 1983 data.

|
!

Note: These tubes were removed from service in 1985.

.
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VI. EVALUATION OF CHANGES IN THE ED0Y CURRENT SIGNALS FROM 1982 to 1984

A. OVERVIEW

'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 signal. This phase angle

change has resulted in an apparent decreasd in the depths of the
'

indications observed from 1982 to 1984. This phenomenon was first

identified in 1984 during a review of the historical 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

previously identified as ISI tubes (Degraded Tubes), tubes previously

removed from the OTSGs, tubes subjected to Long Term Corrosion

| Testing (LTCT) and tubes with synthetic defects (EDM Notches)
i

p'reviously used as qualification standards for the GPUN examination

techniques.

|

|

The purpose of these evaluations was to:

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

f 2) etermine the impact of the changes in the ECT signals on the
i

GPUN ECT program.

3) Quantify the degree of change in terms of percent through wall.

.
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4) Identify the areas in the OT5Gs in which the ECT signals were

affected.

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

.

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

cussed in the body of this section.
.

B. CONCLUSIONS

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 identifled in

Revision 0 of this TDR. These evaluations have demonstrated that the

present GPUN ECT techniques, used to disposition the 1984 examination

data, are acceptable as presently qualtfled and are not affected by

the observed changes in the ECT signals. Although GPUN was unable to

determine the root cause of the " phase sh'it,", the following

conclusions can be drawn from the technical evaluatton of the

available data.

The review of the ECT process variables shows the reported*

" phase shift" is not a result of changes in the ECT techniques.

The metallurgical data indicates the GPUN ECT program is ac:e::-*

able for dispositioning ECT signals which have been affected Dy

'the observed changes.

.

mm
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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 identified in the OTSG "A" Growth-*

Sample from 1982 to 1984 has also been identified in the OTSG "A" ISI

tube samples from 1982 to 1983.

The shift in phase angles appears to have occurred at all axial and*

radial locations in tne OTSG where inner diameter indications were
'

observed.

The OTSG A ISI Tubes (Degraded Tubes) demonstrate that once the*

discontinuities become detectable 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 using the qualified GPUN

ECT Program. Indications of less than one (1) volt have been showr to

result in the assignment of overly conservative percent through wall
i

values. At a minimum these indications will be evaluated and monitored

during successive inspections.

!

|
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C. ECT PROCESS REVIEW

.

Prior to evaluating the changes in the ECT signals, GPUN reviewed the

variables 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 sta'ndards and calibration techniques used during

the 1982, 1983 and 1984 examinations. The data evaluation techniques

were also reviewed to determine if changes in the method of analysis

from 19'82'to 1984 or variations' between the data analysts could be

identified.

~

The review of the process variables was performed using certified

data analysts from two separate NDE contractors. This review

concivJed 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.

l
! Ouring the review of the evaluation techniques, GPUN and their ECT

contractors determined the inherent variability of the ECT evaluat'Or

process was introducing additional data scatter into the data eva;.a-

tion process and biased the initial comparisons of the 1982 and 1984

data. After identifying this variability GPUN was able to account

for this bias in subsequent evaluations.

I

!

!
L-
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D. DISCUSSION OF SIGNAL CHANGES

l

To further define the extent of the identified phase angle changes 1

GPUN characterized both the signal to noise ratios (S/N Ratlos) of

the ECT signals and the shapes of the ECT signals. This character-

Ization was performed for both the 1982 and 1984 ECT signals and

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 noise ratios

(typically less than 1 to 1). By contrast, the 1984 signals ex-

hibited broader loops with complex signal formations. The signal to

noise 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.

E. METHOD OF REVIEW

To address the questions raised by the change in the ECT signals 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,

i

.

+
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1) Investicate the Cause of the Changes in the ECT Stenals

The review of the EDM notch standards showed the characteristic

shape of the ECT signal from the inner diameter notches changed
i

.in relationship to the signal amplitude. The characteristic

shape of the signals from the notches was similar to the signals

observed in the OTSGs 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 the 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 varied. 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 discontinuttles.

Based on the above information the changes in the shape and i

l
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 ECTi

tecnniques.

1

_
_
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2) Determine the Impact of the Changes in the ECT Slanals on the

GPUN ECT Program

To determine the impact of the signal changes on the previously
'

~

quallfled GPUN ECT techniques, GPUN evaluated data resulting

from the ECT examinations of synthetic defects'(EOM 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 tne insitu ECT

data. Other analysis techniques such as measuring the steeDest

angle of the'ECT-signal and analyzing the auxiliary frequencies

(i.e., 200KH , 800KH ) were also evaluated. These evalua-g

tions showed the present method of analysis to be consistent

with those used to qualify the techniques and the most acolic-

able for the TMI OTSGs.

To further define the impact of the observed changes on the

accuracy of the GPUN ECT techniques, additional correlations of

the existing metallurgical data were performed. The data set

used for this sample included all Icentified part througn wa'

IGSAC. This data set includes 6 data coints which were

previously used in the metallurgical correlations in TDR 642.

The data set a'so includes 2 additjonal data ocints previously

eaclucec from TOR 542 because of Ocer signal to netse rattos-

.
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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 H.G.S.D.

which was performed using the insitu ECT procedures and is

considered representative of the insitu data.

The data set of 8 points for whl'ch. metallurgical data was

available was statistically evaluated both as a complete set and

as 2 additional subsets. These subsets were the'4 Indications

with signal amplitudes of 1 volt or greater which are typical of

the 1984 Indications and the 4 indications with less than 1 volt

signals ~which are typical of the indications identified during

the review of the 1982 data. The statistical evaluations are as

follows:

-

!

f
L-
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Statistical Evaluation of Part-Through Wall IGSAC

Data Set: All available part-through wall IGSAC. Includes 6 data

points from TOR 642 and 2 additional data points.

Indications % T.W. % T.W. % 01ff.
In Sample Stat. Met E.C.T. Met /E.C.T

8 I 45.9 63.4 + 17.5
o 21.8 27.7 25.9

Data Set: "
'l volt. (Typical of Indications identified during review
Data points from above. set with signal amplitudes less than

of 1982 data.)

Indications % T.W. % T.W. 1 Olff.'

In Sample Stat. Met E.C.T. Met /E.C.T

4 i 46.3 77.5 + 31.3
0 25.4 25.4 31.9

.

Data Set: Data points from above set with signal amolitudes
I volt or greater. (Typical of indications identified
during the 1984 examinations.)

Indications % T.W. % T.W. % Otff.
In Sample Stat. Met 'E.C.T. Met /E.C.T

4 i 45.5 49.3 + 3.8
0 21.4 24.7 6.2

| .

.

7 - Mean Value

0 = 1 Standard Deviation (Sample)
|

.

.
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1
The statistical evaluation of this sample can be used to show a '

general trend in the accuracy of the percent through wall

calls. When all 8 data points are included the mean overcall is

17.5%. When only the 4 signals.of one volt or less are consid-

ered the mean overcall is 31.3%. By contrast the 4 signals with
,

amplitudes of 1 volt or greater showed a mean overcall of 3.8%.

This data set is limited and the indications included have not

experienced 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 IGSAC. However, the

i data indicates a consistent trend of overcalling the percent

through wall of the small, poor signal to noise ratio indica-

tions typical of those identified during the review of the 1982

data. The data from the larger, 1 volt or greater, signals

typical of the 1984 data, implies a degree of accuracy more

consistent with the GPUN qua11 fled techniques (Reference 3) than

observed for the lower amplitude 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 IGSAC protruding from the bottom. The data

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

had a 35% through wall IGA pit with an IGSA crack extending

.

e

.



70R 652
Rev. 2
Page 54 of 80. .

completely through wall. The data reviewed for this defect was

.h10S.D.Insitudatawhichshowedtheindicationtobegreater

than 100% through wall (recorded as 95%). The indication did

not appear to be affected by the IGA and would have been

properly dispositioned.
,

.

3) Quantify the Degree of Change in Terms of Percent Through Wall

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 OTSG A Growth Program and

the OTSG A&B 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.

,

OTSG A Growth Program (100 Tubes)

The primary data set used to cuantify the changes in the ECT

signals was the 39 indications identified in the OTSG A Growth

Program. This data set did not include any indications 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 an:

1984 data, the data was re-evaluated by a single data analyst.

The re-evaluation was performed to account for the variability
.

previously identified during the review of the ECT process.

'

.
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This variability applied primarily to the larger amplitude 1984

ECT signals and therefore biased 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 1984 evaluations,. For the tubes which remain;

1

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 (g 10% based on

industry standards) for ECT ac:Jracy. None of -the indications

remaining in service exceed this tolerance (50% T.W.). The

statistical evaluations performed herein are considered to more

accurately reflect the changes in the ECT signals and supercede

previously reported values.

The statistical. evaluation of the data was performed using the

complete data set of 39 points and a subset of 15 points. The

subset of 16 points included 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 ratto for the

| Indications. The results of these evaluations are as follows.
1

i

|

.

:
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Statistical Evaluation of OTSG "A" Growth Program

.

Data Set: All indications 120% T.W. (I.D.) which were confirmed by

8 x 1. Includes only tubes 1 20% T.W. in' both 1982 and

1984

Indications 1982 1984 1982-1984
In Sample Stat. % V % V A% AV

39 i 55.3 .6 48.4 1.6 -6.9 +1.0
'

0 18.9 .4 17.4 1.2 10.7 1.0

Data Set: All indications 1 20% T.W. (I.D.) which were confirmed by
8x1. Includes only tubes 1 20% and 1 6V in 82 and 84

Indications 1982 1984 1982-1984
In Sample Stat. '% V- % V 4% AV

16 I 50.3 .9 46.0 2.1 -4.3 +1.2
0 18.9 .5 19.5 1.8 7.6 1.3

.

.

.

i- Mean Value
0 1 Standard Deviation (Sample)-

:

I
-
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The statistical evaluation of this population showed a trend of

increased signal voltage and a decrease in the reported percent

through wall from 1982 to 1984. The mean decrea'se 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 amplltedes also showed a

consistent trend for both data sets with the initial data _ set

showing a mean increase in voltage.from .6 volts to*l.6 volts

for a mean. increase of 167%. The same trend was observed in the

second data 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 factor.-

OTSG A&B~0ecraded Tubes (ISI Tubes)-
,

The evaluation of the 100 tube growth program represented

indications which were belcw the threshold of detectability in

1982 and became detectable in 1984. By contrast the OTSG A and

B Degraded Tubes (ISI Tubes) provide a population of tubes wht:,

were detectable in both 1982 and 1984. These populations

represent better signal to noise ratto indications in 1982 and*

1983 and are typical of the indications to remain inservice as

degraded tubes.

.

-
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The total population of ISI tubes with inner diameter

indications was 15 tubes in OTSG A and 14 tubes in O!sG B.

(Indications at support plates which are considered areas of

reduced accuracy are excluded from this evaluation.)

(Ref6rsace 1)

.

The data sets were statistically evaluated, by OTSG, as a total

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 differences between OTSG A & B. Because of these

differences the data sets will be discussed separately 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 througn
'

wall of -16.61. From 1983 to 1984 the mean voltage increase: oy

.9 volts (82%) however, the percent through wall remained more

constant with a 2.9% increase. This same trend was also

observed in the data set containing all indications. .,

4

.
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By contrast the evaluation of the OTSG 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
j

y,20% T.W. 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 1.5 volts in 1984.

GPUN further evaluated the ISI data sets from OTSGS A & 8 to

determine,the cause of the significant 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 chtnge in

the phase angles of the ECT signals has occurred at various
i

times in the OTSGs and is not associated with a specific thermal

or mechanic'al cycle. The changes identified in the OTSG A ISI

tubes from 1982 to 1983 were similar to those identified in the

OTSG A Growth Program from 1983 to 1984.

.
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'

Tbe data from the OTSG A Growth Program was evaluated using

stricter controls than the production data sets and therefort

represents the best available data for additional analysis.

4) Characterize the Locations in the OTSGs where Changes in the ECT
..

Sianais occurred

The previously described data sets were reviewed to charactert:e

the' axial and radial locations of the OTSGs in which changes in

the ECT signals occurred. The available data indicates tne

changes in the signals occurred at all l'ocations where inner

clameter incications were present. This includes axial loca-

tions from the 5th T.S.P. to the kinetically espanded area. The

radial locations of the indications was limited to the outer

periphery of the OTSG. In this ceriphery all locations accearec

to be affected ecually.
~

5) Determine the Effect of the Cbservec Changes in the ECT Signals

en Future Examinations

The changes identified in the shape and phase angles of tne ECT

signals have been identified in data from examinations ce-formed

at various times since the 1982 baseline. The change in the ECT

signals can first ce identified when comoaring the 1981 case''ae

cata to the 1983 post repair ECT. The changes observec au- :

this time perloc are very similar to the changes observed

tetween tne 1982 anc tne 1984 data.

.
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During the 1982 examinations the strict plugging criteria

applied to th'e OTSGs required most of the tubes with Indications

to be removed from service. The only available 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 signal

amplitudes was +1.0 volts from 1982 to 1984_while the reported

percent through wall decreased by 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

shifts 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 volt' while the means

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 which increase in amplitude and

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 1 volt are not being

accurately evaluated and result in an overly conservative

disposition of the tubes. To minimize the impact of the

inaccuracles associted with these small amplitude sigr,als, 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 1 volt

threshold for evaluating indications would improve accuracy c-
I

determining the percent through wall penetration of )
1

discontinuities. Tubes with indications below this threshold

can be further evaluated using addltional data sucn as 8 x '

ausciute to cetermi a if the tube should be removed from seo'ce
!

|- or mcnitored during future examinations.
|

!
.
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StpoenRY et SIAll5t| CAL EVAttIAlleel
Of 1982,1983 AlIB 1984 ECI DATA*

*

1932 1983 1984 82-83 83-84 32-44

s Pts. Stat. E V 1 V 1 V k k k OW 'k k

AII Inds. 2201 16
_

54.3 .9 46.8 2.1 -4.3 1.21904. Growth

3 6v in 1982 8: 18.9 .5 19.5 1.8 7.6 1.3x:

SiAset: _

55.3 .6 48.4 1.6 -4.9 1.9

Inds. 323x 8: 13.9 .4 17.4 l.2 90.7 1.0Sample - All 39 Xs

015G.A 151 _

120 30.8 .7 (23 25.8 1.2 123 27.3 1.7 -13.0, +.5 *l.5 +.5 -11.5 1.0
All Inds. Varies X:

By Yr. 8: Pts) 16.5 .6 Ptsi 7.3 .7 Pts) 9.3 .8 .5 .5 .7
*.

.

Subset:
_Mz 49.2 .6 32.7 1.1 35.6 2.0 -16.6 +.5 +2.9 .9 -13.7 l.3

inds 229% F
8s 16.3 .5 F.7 .6 19.7 7 18.5 4 S.5 .6 29.6 .6

.

015G_S 151
-N (24 22.8 2.8 (25 22.8 3.8 (25 22.0 3.1 .8 +.3 8 .8 +.3 .s

All Inds. Varles
By Yr. O s Pts) 7.4 1.6 Pts) 6.4 1.6 Pts) 6.5 I.5 .8 .7 1.3

.

Subset:
_Is 43.0 1.8 42.5 l.8 43.0 2.6 .5 0 +.5 +.8 9 +.8

ind. !?tt 2
8s 9.9 8 7.8 .7 7.1 2.1 17.7 .7 * 14.8 3.3 2.0 2.1

7Fd-

X leean Value on < pe
* *

*

8: I 5tandard Sewletten (Sample)
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VII . GROWTH PROGRAM

GPUN initiated a growth program during the examinations in Novemcer 1984

to determine if a growth nwchanism was active during the current

(July-Nov 1984) period of extended dry layup of the TMI-I OTSGs. This

sample included a population of 100 tubes in 'A' and.50 tubes in 'B'.

The tubes for both generators ware selected from high cefect areas of the

generators and were examined full length using the GPUN dual examinaticn

method.

OTSG A GROWTH PROGRAM

The growtn crogram in the 'A' OTSG consisted of esamining a copulation of

100 tubes 3 times at accroximately 2 week intervals. Initially, these

tuces were examinea as cart of the production eddy current program in
.

Mid-Novemoer 1984 The tubes were subsecuently examined a second time in

late Novemeer 1984 and a third time in Mid-Decemeer 1984 Results of the

3 esaminations of each tuce were then comcarec for enanges in :ne numcer

of incications anc for enanges in signal res:ense voltage Or cercent

enrougn wall determinations.

The 100 tuces in the 'A' Growth Program included 55 tuces witn confirrec

indications ana 45 with no relevant indications. Tne cemoarisons of tne

repeat examinations were performec cy evaluating tne signal amolituces

ano cercent througn wall ceterminations. These evaluations reveales + -
,

sentially no enange in the voltage or percent tnrougn wall determina-
itions. These results indicate that tnere was no continued cegracat on

curing the tnree esaminations frem Novemoer to Decemcer. 1984 ;

. - . .-.. . - .
. --
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OTSG B GROWTH PROGRAM
'

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

50 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 Ilmited scope examination performed when primary t'o

secondary leakage was detected.

The July and November 1984 Eddy Current results were then comoared and no

previously undetected indications were found to exist in the Novemeer

1984 res'lts. There was no evidence of continued degradation in theseu

tubes between July and Novemeer 1984.

GROWTH PROGRAM CONCLUSIONS
.

The Growth Program evaluations indicate tnere nas no significant charge
'

in the condition of the tuces from July to Novemeer 1984 in the 'B' OT5G

or from Mid-Novemter to Mid-Cecemcer !n 1984 for t9e 'A' OT5G. This ir-

formation sees not indicate any correlation between extenced cry lay-uc

and identification of previously undetected indications.

;

I

|
|

<
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VIII . CONCLUSICNS
.

.

Based on the characterization of the 1984 indications, a review of the

1982, 1983 and the growth program data GPUN was able to draw the follow-
~

ing conclusto's for the.1984 examination results.n

..

1. The characterization of the 1984. indications by axial and radial lo-

cations, and their correlation to the indications reported in the

1982 baseline, suggest that the 1984 indications are an additional

subset of the 1982 indications.

2. The re-evaluation of previous data suggests that the indications

icentifiec in 1984 were already present during the 1982.evamination

but nere within tne cackgrounc noise.

?he kinetfC etcansion recair and not functional testing may have in-

creasec the amelituce of tnese crevicusly e<isting incications anc
i

made tnem detecta01e curing creduction evaminations. There was no

trena of tneough wall growth associated with this amplitude increase.

3. Based on the evaluation of the Growth Program, there is no evidence

of continuing tuce cegracation-since the OT5Gs were placed in cry

,

layuo in July 1984.

|
,

e

!

.
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4. The characterization of the 1984 indications shows that approximately

90% of the ' indications are 20-60 percent through wall and I coil.

These indications are at or near the threshold of detection for the

previously established sensitivity curve.
.

.

-5. Approximately 10% of the indications are higher percent through wall

(160%) with a circumferential extent of I or 2 coils. There is a
~

total of three 3- coli circumferential extent indications. All of

these' indications are between the threshold for detection and the'

most con.servative curve for critical crack size. (Main Steam Line

Break).

.

. .
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APPENDIX A

ABSTRACT ON THE DEVELOPMENT OF THE DUAL INSPECTICN
TECHNIQUE AND PERCENT THROUGH HALL CALIBRATION CURVE

.

6
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Prior to the 1982 OTSG tuning inspection, GPU Nuclear had always performed its

OTSG tubing examinations with the standard differential addy current technicue

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" diameter. These

parameters traditionally were censicered acceptable for inscocting the OTSG

tubing which has a nominal inner diameter of 0.557*.

After 131 tubes leaked uDon start-up and test in November 1981, eddy current

examinations were immediately performed with the standard differential (5.0.)

.510" technique and some of the leaking Indications were not detectec. A sub-

sequent examination was performed with a multi-coll absolute eddy current

technicue and indications were identified in the roll transition of the leak-
'

ing tubes. In addition, other indications which had not been detected by the

previous 5.0. 510" examination were identified. The defects discovered in

the OTSG tubing were metallurgically evaluated as inner diameter initiatec.

very tignt and orientated around the circumference of the tuces. It was tren

reccgnized that tne 5.0. 510" tecnnique was not sensitive enough for detect-

ing all cf the new inner diameter discontinuities.

GPU Nuclear modified and improved the sensitivity of its standard differential
,

technique by increasing tne probe's diameter to 0.540". and increasing the

operating gain. This modification improved tne standard differential's W I:-
,

tivity for cetection of creccminately circumferential .D. initiatec in:':a-

tions by approximately 1757. over the older techntaue. The disadvantage 07

using the high gain and imDrovec fill factor is that the standard differeettet

examination cecomes Overly sensitise to surface anomalles.
|

|
|
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The absolute technique used to confirm the standard differential inspection

results was also modified and improved. The development of.the 8X1 Absolute

probe with eight pancake shape coils placed around the probe body provided 360

degrees coverage on the' circumference of the tube wall. This design oermitted

. A single cass of the probe in the tube during an examination as compared to

multiple passes when fewer coils are used. The eight coils also provided a

fair estimate of the arc length of an indication because the response signal

from each coil represents its proximity to the indication.

Usi'ng the improved 5.0. 540" high gain and absolute axl techniques. GPU

Nuclear develcDed a dual method eddy current insDection technicut. The ini-

tial examination was performed by the 5.0. 540" high gain technicue. If the

examination by S.0. 540" showed no evidence of a defect, its examinaticn ee-

came the final inscection of recccc.

If the 5.0. 540" examination recerted an +ndicaticn, a seccnd e<aminat cr! asi

performed using the LD5clute 8xl tecnnique. The acsolute 8x1 examination de-

termined if the reported indicaticn was relevant ce non-relevant. Fe trcse

indications determined to be relevant, the absolute 841 result was uses to

estimate the are length and also confirm the origin (I.D./0.0.) and axial ic-

cation of the indication.

During a standard differential eddy current examination the cercent tnr:t.;-

wall penetration of a flaw is determined by measuring the resconse signal's

phase angle and converting that measurement to tne cercent enrougn wall. A

*
.

!

.

_
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calibration for this conversion is established by setting up the standard dif-

forential equipment and testing a known standard. The phase angle for ttle

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 hole

standard. This calibration is done in accordance with the ASME Secticn XI

code. The traditional conversicn curve for phase angle measureme'nt to inner

diameter initiated percent through wall is determined by the valu'es that are

extrapolated from the.40 degree phase angle-100 percent through wall (given ey

the .052" diameter hole standard) to zero degree phase angle--zero percent

through wall.

The estimated percent through wall tnat is extrapolated from the conversion
.

curve tends to overcall the actual percent through wall of a small volume

flaw. This over calling is considered conservative eddy current evaluation

and was instituted in the 1982 dual inspection tecnnique.

It had always ccen acknowledged that this tr'aditional curve overcalled small

volume inner diameter discontinuities. The presence of smaller inner diameter

Inttlated cracks in the THI.1 OTSG's had recuired GDUN to develop a mere ac-

curate means of assigning the percent through wall cenetration. Therefore,

the traditional inner diameter conversion curve was enhanced by using suaale-

mental data from EDM with various Known depths. inis data as used :o ceve'cc
'

a conversion curve wnich more accurately represented small volume, inre' '-

| ameter initiated discontinuities and this accuracy was verified through metal-
t

lurgical correlations ustng actual intergranular stress assisted crack samples.
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TMI STEAM GENERATOR A AXIAL LOCATIONS OF CONFIRMED
INDICATIONS 0-100% THROUGH WALL

PERCENT VS SPAN
1982 VS 1984

1982 1984-

.

Support , Frequency % Frequency 1.

LP-1 6 .19 1 .090

1-2 23 .717 2 .181

2-3 8 .249 8 .726

3-4 8 .249 19 1.725

4-5 17 .53 7 .635

5-6 58 1.808 19 1.725 ,

6-7 34 1.714 26 2.361

7-8 55 1.060 5 .458

8-9 34 1.714 12 1.'1.

9-10 11 .343 4 .367

10-11 24 .748 8 .726

11-12 54 1.683 i3 1.181

12-13 63 1.964 54 4.900

13-14 146 4.551 57 5.177

14-15 97 3.024 78 7.084

15-US 530 16.521 217 19.70

US-UP 2040 63.591 571 51.961

TOTAL 3208 1101

Note: (1) 1984 data incluces the length of tubing celow the Kinetically ei-
panded Zone. (Approximately US+7 and below).

(2) 1982 data includes the length of tubing from US.15 and below.

(3) Data taken frem 1982 ano 1984 cata cases as of 2/15/85.

.

_
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TMI STEAM GENERATOR B AXIAL LOCATION OF CONFIRMED
INDICATIONS 0-100% THROUGH HALL

PERCENT VS SPAN .

1982 VS 1984

1982
'

1984
Support Frequency % Frequency %

LS 6 .468 6 3.109

1-2 3 .234 2
- 1.036

2-3 4 .312 1 .518

3-4 20 '1.561 3 1.554-

4-5 9 .703 6 3.109

5-6 9 .703 4 2.072

6-7 24 i.874 8 4.145

7-8 12 .937 7 3.627

8-9 19 1.483 4 2.072

9-10 20 1.561 9 4.663

10-11 15 1.171 2 1.036 .

11-12 34 2.654 12 6.218

12-13 34 2.654 12 6.218

13-14 106 8.275 7 3.627

14-15 81 6.323 7 3.627

15-US 98 7.650 25 12.953

US 787 61.144 _7,8 40.414

TOTAL 1281 193

Note: (1) 1984 data includes the length of tubing Delow the kinetitally e..
candec zone. (Approximately US+7 and celow).

,

(2) 1982 data includes the length of tubini; fecm US+15 and cele .

(3) Data taken from 1982 and 1984 data bases as of 2/15/85.

:

.
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TMI STEAM GENERATOR A VOLTACF OISTRIBUTION FOR CONFIRMED
IN0! CATIONS 0-100% THROUGH WALL

PERCENT VS VOLTS
1982 VS 1984

.

1982 1984
Volts Percent Volts - Percent

0 31.807 0 34.968

1 44.653 1 35.15

2 16.595 2 ,23.615

3 4.702 . 3 4.814

4 1.537 4 .636

5 .338 5 .363
.

6 184 6 .091

7 .061 7 182

8 .092 - 8 .182
,

9 0 9 0

10 .031 10 0

.

Note: (1) 1984 data includes the lengtn of tubing celow the kinetically ex-
panded Zone. (Approximately US.7 and eelow).

,

(2) 1982 data incluces tne lengtn of tueing ' rem US+15 anc celow.

(3) Data taken from 1982 and 1984 cata cases as of 2/15/85.

.
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TMI STEAM GENERATOR 8 VOLTAGE DISTRIBUTION FOR CONFIDNED
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 1 20.207

2 25.019 2 27.979

3
'

9.810 3 11.917

4 6.844 4 5.699

5 1.901 5 3.109

6 1.597 6 1.036
,

7 .608 7 1.554

8 1.217 8 1.554

0 9 09 -

10 .076 10 .518

11 .152 11 3

Note: (1) 1984 data includes the~ length of tubing belcw the kinetically en-
panded zone. (Approximately US.7 and below).

r

!
(2) 1982 data includes the length of tuoing from US+15 and belcw.

'

(3) Data taken from 1982 and 1984 data bases as of 2/15/85.

.

1
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TMI STEAM GENERATOR CONFIRMED PERCENT THROUGH WALL

DISTRIBUTION FOR CONFIRMED IN0! CATIONS 0-100% THROUGH WALL
PERCENT VS PERCENT THROUGH WALL

,

1982 VS 1984
.

1982 1984
% Thru-Wall % % Thru-Wall %

0-19 .281 0-19 0

20-29 1.434 20-29 39.055
'

30-39 1.309 30-39 21.163

40-49 6.827 40-a9 17.802

50-59 13.685 50-59 7.629.

60-69 9.757 60-69 5.904

70-79 2.18670-79 7.512 -

80-89 8.635 80-89 1.907

90-100 50.561 90-100 3.724
.

.

Note: (1) 1984 data includes the length of tubing celow the Kinetically ex-
canced zone. (Approximately US 7 anc celow).

(2) 1982 data incluces the lengtn of tueing from US,15 and below.

(3) Data taken from 1982 anc 1984 cata bases as of 2/15/85.

.
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TMI STEAM GENERATOR S CONFIRME0 PERCENT THROUGH WALL
-

|

DISTRIBUTION FOR CONFIRMED INDICATIONS 0-100% THROUGH WALL
'

PERCENT VS PERCENT THROUGH WALL
1982 V5 1984

1982 1984
% Thru-Wall % % Thru-Wall %

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 8.041 60-69 3.109

70-79 6.401 70-79 2.073
,

80-89 5.699 80-89 0

90-100 15.769 90-100 1.036
.

Note: (1) 1984 data includes the lengt. of tubing b;1^ ine kinetically es-
canced zone. (Accroximately US,7 and cetow).

(2) 1982 data includes the lengtn of tubing from US+15 and below.

(3) Data taken from 1982 and 1984 data bases as of 2/15/85.

.
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CIRCUMFERENTIAL EXTENT FOR CONFIRMED INDICATIONS
'

GENERATOR A

1982 1984

Colls Frequency % Colls Frequency %

0 270 (N/A) 0 321 (N/A)
,

l- 655 66.973 1 1111 89.959
2 301 30.777 2 122 9.878
3 18 1.840 3 2 0.162
4 1 0.102 4 0 0
5 1 0.102 5 0 0
6 0 0 6 0 0
7 1 0.102 7 0 0
8 1 0.102 8 0 0

TOTAL 978 1235

,

*

GENERATOR 8

1982 1984
Cotts Frequency Colts Frequency %"

.

0 361 (N/A) 0 321 (N/A).

.

I 147 50.000 1 102 79.069
2 102 34.694 2 26 20.155
3 26 8.843 3 1 .775
4 7 2.381 4 0 0
5 a 1.360 5 0 0.

6 0 0 7 0 0
7 0 0 8 0 0

8 8 2.721 9 0 0

TOTAL 294 129

Note: (1) 1984 data includes the length of tubing eelow tne Kinetically ei-
panded zone. (Approximately US+7 and be:cw).

(2) 1982 data includes the length of tubing fecm US.15 and celcw.

(3) Data taken from 1982 and 1984 data bases as of 2/15/85.
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lINTRODUCTION
!

Indications of greater than 40% TW penetration identified during the <

1984-85 EC examinations . indicate that ICA/IGSAC of this depth did exist which |

were previously below the eddy current voltage response required for
dispositioning of a defect. As a result of mechanical loadings on the actual
OTSG's, these pre-existing ICA/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, CPUN
initiated a laboratory investigation at B&W's Lynchburg Research Center (Ref.
2). This investigation used actual OTSG tubing that had been removed from the
OTSG's in late 1981 and early 1982.

The results from the LRC effort were then analyzed in conjunction with
previous analyses of ICA/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
stains 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-0TSG. These tubes were removed between late 1981 and
mid-1982 for use in the TMI-1.0TSG f ailure analysis. They were stored at LRC
since that time.

In order to make eddy current testing meaningful, the tubes had to be at
least six inches long. The final set of tubes (Table 1) consisted of fourteen
tube sections.

4
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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
!

! I.D. Oxide Stains,

I
We examined the oxide films both directly and indirectly. Indirect

examinatioc. 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, af ter 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.
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Figure 1 -

Type 1 stains resembling oil spots in A-112-5, piece 1,
approx. 5 in, from top. 8.6X.
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Type II stains are from approximately O.25" to over 1" long and are
.

Their internal color is a dark brown, andirregularly shaped (Figure 2).
there is a distinct border between the stained area and the balance of the
tube oxide film.
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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 i
'

in the presence of a border. However, within a Type III 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.
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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 I
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 II 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 sections other than A-112-5,' Type II stains did not correlate
with eddy current indications, and Type III did. In tube A-112-5, some Type

II 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 result.: of both the Conam and B&W
eddy current evaluations. B&W's evaluation (Ref. 2) concluded that there was
no significant change in the eddy currect results between 1981-82 and 1985.
Conam reported all indications that were visible above background, regardless
of voltage level.

.
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Tente 3 - Summary of Eddy Currest leepectiese *

Ceses Evolusties56W twelustion

~ 1985

Locatiet Lacettee ITW/vettese Lecettee ITN/ Voltage
to, f ree sep 8 1 1 teault

07- Is. free top te. free top

E Tube 10 Piece 8 of OTSC of siece __ 0.500 0.540 Cement e of piece .500 .540 $ Colle Nos. volt,

a 13-e3 J 31-J8 NDD NDO stuttiple Deste NDO WDD NDD

A 112-9 1 4.3-12.3 4.4 861 2.2, Set 3.2, Inditettene se*

0.D. Flees 4.1 1001 1.50 1001 3.10 2 5.64

& 26-94 3 13.3-19.8 2.5 621 1 6v fat 2.4v Indiestiene se
I.D. Flame 2.2 561 1.64 761 2.16 2 .99

8 41.8-68.9 NDO NDD Multiple Dette N00 NDO NDO

9 48.9-55.8 N00 NDO NDO NDO NDO

10 55.8-47.8 NDO WDD 3 Bu18es NDS N5J bDo

A 111-13 1 2-26.6 At Top 893 .8v 1.D. Flees
Possible Defect 1.2 231 1.57 2 .45

1.5 501 .45 961 .79 2 1.06 *

2.1 701 .36 461 .43 2 .59

3 30.7-57.5 NDD NDD NDD NDO

4 76.3-89.0 NDD NDO WDD NT

7 151.3-176.4 NDO NDO NDO NT +

8 176.6-201.6 NDD NDD Snell Ding NDO NDO NDD

9 201.6-213.8 NDD NDO 2 Deste NDO NDi NDD

& 23-93 1 2-12 NDD NDD Feesible Indise-
ties et End of
Tube 1.0 1001 .44 1001 1.55 2 48

0.3 1001 1.64
& 112-5 1 2-12 0.7 3 2.65

0.9 1001 1.32
Indicatione se 1.0 2 1.62.

0.D. Flame. 1.1 701 .69
Multiple ledite- 1.2 1 .29

tiens en All 1.4 1001 1.01 1001 .87
Esame. Not All 1.5 1 .95

ledicatises
tesorded

1.8 2 2.81

2.0 921 1.1 , 891 2.7v 2.0 1003 .35
2.1 1 .26

2.2 2 .32
2.3 1001 .40 2 64

2.6 1003 .87

2.6 2 1.68

2.7 1003 .66
2.9 1001 1.09

3.0 3 6.99

3.2 1001 1.22 1 2.90

3.4 1001 1.77

3.5 1 3.67

3.8 851 1.8v 871 5.1 , 3.8 1003 .66 2 10.00

4.0 2 8 01

4.1 1001 4.95
4.2 1001 .23
4.7 1001 1.76

#

4.9 961 .71 1 .09

5.7 3 6.32

5.8 1001 .99 1003 2.55

6.2 621 .7v 791 2.8v
.

NOS - No Detestatte Diocentieuttles
NT - Wet tested - Probe usund set fit due to tube dietetties

, , - . - - . - - - _ _ . - ,
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The resul.ts 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.

Meta 11ography

We selected tubes A-111-13, piece 1 and A-112-5, piece 1, for
metallography. We had two objectives in .the metallography: First. to
determine the presence and severity of intergranular attack (ICA) under stains
and second, to determine if ICA 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. Tube A-112-5, section I 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 characterized 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 ICA appeared under the stains, and pic
depths were less than 0.002".

!
.

___ _ _ _ __
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Tube A-111-13 had considerably fewer stains on the I.D. surf ace. 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 than 0.002"
deep.

Finally, this metellography was not successful in determining the
detectability of ICA by eddy 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 Current Indications and ICSAC

EC ANALYSIS CRACK CHARACTERIZATION

(1)^
.

Location }8 X 1 Result Location
.

- In. From Top
.540" Rebukk # ofCoils Volts (2)In. From Top % T.W(.10)L*"Ethof Piece

of Piece in.
Tube ID .540 8 X 1_ % T.W. Volts

Tube A-112-5 0.3 0.55(4)100 1.55 3 2.45 .549 100 .31

0.9 0.85(4)100 1.32 2 1.42 .754 100 .14 .12(1
1.1 1.05(4) 70 .69 1 0.29 1.095 100 .09 .15(1
1.4 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) (6) 0.32 2.053 100 .19 .24(1
2.4 2.3 83 .87 2 0.44 2.301 100 .2

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 1.22 1 2.90 Note 7
3.5 1 3.47 Note 7
3.8 2 10.0 3.640 100 .26

.

|

|

;
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TABLE 4 - Correlations of Eddy Current Indications and ICSAC
(continued)

EC ANALYSIS CRACK CHARACTERIZATION

(1).

Location ( }
Location

In. From Top 8 X 1 Result

Coils Volts (2)In. From Top % T.W(.10)L*"IEh# ofof Pie".e .540" Result
of Piece in.

Tube ID .540 8X1 % T.W. Volts

Tube 112-5 4.1 4.0 87 4.95 2 1.01 4.025 100 .31

4.7 84 1,71

4.9 4.9 96 0.71 1 .09 4.80 Note 8
5.8 5.7 80 2.55 3 4.32 5.380 100 .31

Tube A-111-13 1.2 1.2 23 1.57 2 45 1.0 20 0.25

1. 5. 1.5 96(13) .79 2 1.04 1.5 20 .175

2.1 2.1 46 .63 2 .59 2.8 29 .037 (9

Notes:
1- - Based on interpretation of tapes w/ assumed constant pull speed.
2- Maximum coil voltage

3- Based on in-laboratory measurement

4- 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.

,

5- Cracks too close to resolve by eddy current
6- Coils were not adjacent
7- Heavy pitting but no cracks observed. Specimen was not examined by

bending
8- No cracking - cutting tool damage to I.D.
9- Up to .148" may have been lost during cutting and mounting for

metallography.
10 - Approximations only.
11 - Crack depths over 80% are administ-atively treated as 100%.
12 - Crack only visible running to cut edge of one half. Length range based

~

on measured sawblade width of 0.055 in.
| 13 - EC signal was significantly distorted

ia
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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 1 probe. 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 would have been combined with adjacent
indications and the tube dispositioned conservatively.
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Figure 4
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Measured IGSAC length vs. number of coils by 8 X 1 probe.'
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Distribution and Characterization of ICA

Data Base

Data on the size, shape and frequency of occurrence of IGA have been
generated from several previous investigations as well as the 1985 program at
LRC. As part of the' present data analysis ef fort, 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 f ailure 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 surf ace metallographically examined and any IGA detected.
Relevant data from each reference are contained in Appendix A.

Characterization of IGA

A total of twenty arv;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 ICA 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 depth 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 ICSAC are
the same: 014 in. This is approximately twice the mean depth of 0.0061 in.
This confirms the bowl-type geometry of the ICA away from IGSAC.

Frequency of Occurrence of ICA

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

i

TABLE 5 - Occurrence of IGA in Meta 11ography Samples

Longitudinal Circumferential
Samples Samples

Total Met. Sample Length,

Within 0.5" of IGSAC 3.053 in. 4.347 - in.
1.278 in. 81.508 in.Away from IGSAC

Total 4.331 in. 85.855 in.

Length of ICA Areas,

Within 0.5" of IGSAC 0.106 in. 0.048 in.
0.019 in. 0.150 in.Away from ICSAC

Total 0.125 in. 0.198 in.

Percent of Sample Length Occupied by ICA

Within 0.5" of IGSAC 3.4 % 1.1 %
1.5 % 0.2 %Away from ICSAC

Average - all samples 2.8 % 0.2 %

.

. ~ , , , . , . , , _ - . . - . . . . . , . _ m ._.,
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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 ICA. Near IGSAC, the IGA-occupied length increased to 0.9%. For
longitudinal specimens, the % of ICA was approximately 3% overall, 3.6% near
IGSAC 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 ICA 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
i 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 ICA

' 0-11 36.9 0.2

11-16 3.1 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 corrosion test form a
subset of ' articular interest.. These samples were selected to represent ap
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.
for tube A-24-94, all IGA was found in the upper tubesheet area inExcept

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-;tngs Containing Length Occupied

Tube Face of UTS Examined IGA by ICA(2)

A-62-8 5-8 5 1 0.05
A-37-29 49.5-52.5 5 0 0.0

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 2-3.5, 9 4 1 0.2

B-94-27 18.5-21.5 2 0 0.0
B34-19 6.5-7.5 2 0 0.0

Total 31 6

(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 ICA and IGSAC (Ref. 9). No reason has been
identified why this tube should be the worst of the 29 tubes removed fran 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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CONCLUSIONS

1. ID tube stains do not represent areas of significant
IGA. IGA observed under stains is typically less
than .001". Some IGA exists near visible pits, but

it is usually less than 0.005 in deep.

2. 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 inspeccion.

3. ICA 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.

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

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

6. Measured circumferential length of ICSAC correlates
well with the number of 8 X 1 coils on which the
signal appears.

.

h

.
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Sununary of

Meta 11ographic Samples

From Laboratory Investigations
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TABLE A1 - ICA Dete'cted During Metallographic Examinations

Specimen Type. Length of ICA Extent, mils Elevation
Elevation of Sample Length of Documentation

OTSG Tube In. From Top Specimen (I) Examined, In. Axial Circum Depth Nearest ICSAC Ref. Page/ Figure Note

B 8-25 1.25 L .041 .014 .019 1.21 4 F 17

B 11-23 1.25 L - .012 .015 1.25 4 F 24 (2)

A 146-6 10.5 SEM .027 X .036 .011 .025 10.5 4 F 37 (3)

10.5 L .035 .020 .020 10.5 4 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 .0014 5.5 5 F2-32 (3)

B 16-22 .125 L .105 .028 .004 Top 5 F2-44

A 24-94 28 T 2.63 .030 .010 32 7 F7-59

.007 .0 04

.015 .002 ,

28 T 1.46 .005 .003 32 7 F7-59

26 T 2.63 .035 .009 32 7 F7-67

29 T 2.63 .009 .004 32 7 F7-69

27 T 2.63 .006 .008 32 7 F7-78

A 62-8 8 T 2.63 .006 .004 4 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 P 15

4.8 L 1.0 .008 .010 4.8 2 P 15

Notes:

L - Longitudinal, T - Transverse, SEM - SEM exam. of surface .1-

2- ICA at end~of ICSAC
raken on surface pit with ICA morphology' u---.-.--ne

.__
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-

Specimen Type Length of Surface Elevation
F.levation of Examined, In.- of Documentation

OTSG 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 T, L .060 .080 1.125 3 P64, 65

B 33-30 8 5/8 T. L .075 .060; 8 5/8 3 P66, 67.

A 13-63 26 5/16 T, L .055 .060' 27 3 FGi-6

62-8 11 7/8 T. L .060 .060 NDD 3 FG7

133-74 1 T, 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 T. L .060 .060 33 3 -FG13

'35 3/4 L .060 .060 33 3 FC14, 15

B 33-30 32 1/4 L, T .060 .c60 8 5/8 3 FC19

A 71-126 53.5 L- .020 3 4 F30

54 L .015 3 4 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 F47'

O.5 L .012 3.75 4 F51 -

0.25 T .038 3.75 4 F52

A 37-29 110 T, T .028 112 'S F2-31

B 34-19 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

.125 L .105 Top 5 F2-47

3 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 F7-264

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 4 7 F7-32

A 88-7 -13 T 2.63 6 7 F7-38

5 - 94-27 '18.5 T 2.63 14 7 F7-40

A 37-29 50 T 2.63 112 7 F7-42

51 T -2.63 112 7 F7-44.

5 34-19 6.5 T 2.63 NDD 7 F7-46

7 T 2.63 NDD 7 F7-48

94-27 21.5 T 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

5 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 6 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 T 0.090 4.6 7 P14

3.2 T 1.75 3.1, 3.35 2 P14

A 111-13 3.3 L 1.0 3.3 2 P14

|
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Eddy current defect indications were recently observed in the unexpanded
portion of a number of 0TSG tubes at THI-1. As part of an investigation to
detennine their origin, fourteen sections of removed TMI-1 tubing in storage

- at the LRC were retrieved, eddy current tested, and inspected on the inner
surface using fiber optics. The inner surfaces of two tube sections were
further examined using photography and metallography. Scattered darkened .

Metallo-areas appearing as stains were visually observed on the surface.
graphic inspections showed some of these stained areas to contain patches of
shallow intergranular attack (~0.008-inch maximum depth) and isolated pits
(~ 0.005-inch maximum depth).

Results showed no significant difference between eddy current signals observedIt could not beduring previous testing and those observed during this work.
detennined from this investigation whether the mechanism which caused damage
to the tubes in situ at TMI-1 was active or inactive during the storage
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2.0 METHODS AND RESULTS

2.1 Eddy Current Testing

Personnel from both B&W and GPUN participated in an inspection usiag 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-0TSG were
examined using two (2) different probes. The 0.500-inch diameter annular
differential probe (manufactured by B&W) was used at frequencies of 200, 400,
600, and 800 kHz. The 0.540-inch diameter annular differential probe
(manufactured cy .Zetec) was used at 200, 400, and 800 kHz frequencies (all
dif ferential) 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 THI-1.

,

Prior to inspecting the tube sections, the techniques were calibrated using
the same standard as was used in 1982. The standard was rotated at four 90'
increments, giving a total of four scans for dach 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). During calibration, the maximum amplitude variation
was 15.3 to 14.6 volts using the 0.540-inch probe and 10 to 4.2 vo.its with the
0.500-inch probe. Since the standard was not rotated during the 1982
inspections and amplitude will vary depending on relative circumferential
location of the defect, direct comparisons between voltage responses from one
inspection to another sh.ould be avoided.

The inspection data were recorded on magnetic tape and later analyzed using
the digital data analysis system (DDA-4). Table 1 lists results of the 1985
and 1982 inspections perforned at B&W. Two tube sections, A112-5 Piece 1 3nd
A23-93 Piece 1, were not inspected at B&W in 1982. Therefore, results -f

.

a



.

BABC0CK & WILC0X R00:86:5046-04:01 PAGE 1 .

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 (OTSGs) 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 OTSGs 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 this sxa:aination, results of which are presented in this report.

.

)

I
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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 A112-5 was selected since
it contained multiple eddy current defect indications over a small . length of

Piece 1 of tube A111-13 was selected to investigate a small voltagethe tube.
indication. The sections were split longitudinally in half along pre-deter-
mined axes using both a diamond saw and-jeweler's saw. The appearance'of the
inner surf aces 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

Coments made during the visual inspections and fromtube sample appearance.
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.



.

BABC0CK & WILC0X RDD:86: 5046-04:01 PAGE 4
-

Tube A112-5 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 numerous 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 circumferential1y oriented and longitudinal
sectioning had intersected nearly each one, so the crack lengths listed are
approximate. The pits were approximately 0.005-inch or less in diameter.

Tube A111-13 Piece 1

IThe 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 A111-13 samples. The inner surfaces were relatively clean when compared
to the A112-5 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 A111-13
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 A111-13 was placed in
tension in the hoop direction by placing the samples concave side down on a
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 stressing
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 A112-5 and A111-13, respectively, which indicate specimen

origination. The specimens are described below according to tube number.

Tube A112-5 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 <0.001-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 IGA.

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 were

also taken througn this specimen, with inspection of the transverse edge at
each increment. Again, the stained region corresponded to superficial IGA
<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 inspections. Maximum observed depth of this defect

.
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was 0.002-inch. Selected photomicrographs of this specimen showing the

depressed region and the superficial IGA are shown in Figure 9.

Tube A111-13

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
T.ible 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 observsd
.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 incrementi, an area of shallow surface corrosion (10.001-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 metallographic
mounts and reverse bent about a plane normal to the tube axis (inner surf ace

~

in tension) to open any cracks present. Inspection of each specimen under the
stereomicroscope revealed no cracks in specimen "A", while a circumferential
crack did open at approximately 1.6 inches in specimen "B". The crack was

approximately 0.135-inch long and intersected a cut edge (approximately the
70' axis). While the crack was not 100 percent through-wall, maximum depth
was not determined. Figure 13 contains photographs of this crack.

. . - - - . .. --



r

.

BABC0CK & WILC0X R00:86: 5046-04:01 PAGE 7*

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 penet ating a maximum of
0.010-inch into the tubewall . Photomicrographs in Figure 14 show this
crack and 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
overall 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 tr.a pit was less than 0.014-inch in diameter
(most likely well less).

Strip specimens "0" and "E" shown in Figure 10 were reverse bent in the same

fashion as were specimens "A" and "B". A circumferential crack opened at 1

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 cract
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 in

specimen "E" after bending.

!

'
-
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3.0 OISCUSSION

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 indications detected during the present and previous eddy current inspec-
tiens. 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
utilized the more sensitive 8x1 probe. In addition to the crack indications
detected in piece 1 of tubes A112-5 and A111-13 using the differential prot
the 8x1 inspection detected more defect. indications (results reported in a
GPUN document). Destructive examination of these tube sections during this

Iproject confirmed that the crack-like indications were caused by circumfer-
ential cracks and/or patches of IGA. 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 eddy cur-
rent indications.

In addition to the cracks, many isolated and clustered pits were present
within stained areas in tube A112-5. These pits were very shallow

(10.005-inch in depth) and insignificant when compared to the severe pitting
corrosion which has been observed in steam generatac '.ubing removed f rom ;t er

nuclear plants.I3)

Due to the small volume of material removed, it is doubtful that the ptis
present in the TMI-1 tubes would be observed as defects using conventtoa t:
eddy current testing methods. Determining the origin of the pits and s 5^;

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

__.
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4.0 CONCLUSIONS

The following have been cencluded based on the results of this examination of
,

TMI-1 OTSG tube sections:

a 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 result of being in dry
storage for s everal years. Also, no defect indications were
observed which had not been observed during te 1982 inspections.

e Crack-like defect indications were caused by the presence of
circumferential cracks and/or patches of IGA on the tube inner

surface.

- - .. . - - _ - - - - -_
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TABLE 2

FIBER OPTICS INSPECTION SUMMARY

Axial I
Tube Piece Orientation _ Location Remarks

A13-63 3 0' 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)

2'40' 1.5-2 Possible pits, cutter tool damage
4.5 Scattered pits

(Scattered pits along -length of
section)

300* 4-4.5 Possible pits

A112-9 1 0 6.5-7 Possible pits
180' 4 Stained areas
270* 4 Axially oriented staining

A24-94 3 180* 2.25 Possible raised area
2.75 Pits ,

3 Stained areas
270' O.5-1 Pits

2-2.5 Pits
2.25 Possible raised area
2.75 Pits

A111-13 1 90' 1.75 Single pit
180* 1 Possible pits, stains
270* 1 Pits, stains

340' 1 Pits, stains

A112-5 1 30' 2 Possible pits, stains
4-4.5 Pits and stains

90' 2.5 Pits
4-4.5 Pits and stains

190' 5.75-6 Stains
260-360' 4.5 Cutter tool damage
270* 8-8.5 Pits and spots

350' 3.75 Pi ts

A23-93 1 0* 0.75 Pits
200-270' O.5-0.75 Pits
250' 5.5 Stains

1 Inches from top of piece

____ _ _ _ _ _
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I
TABLE 3

VISUAL INSPECTION RESULTS FOR TUBE SAMPLE A112-5

Axial _ location,
in, from top of tube section Comments

0.05-0.6 Axial lines of stain containing pits
0-0.2 Tube removal damage
0-0.8 Serpentine stains

-0.35-0.9 Patch of stain II)
0.55 Circumferential crack. 0.258-inch

Pits within stains-0.64 Circumferential crack, 0.144-inch (2)0.75
1.0-1.6 Tree-like stain containing pits
1.1 Circumferential crack, 0.092-inch
1.4 Circumferential crack, 0.210-inch

Pits within stains
Circumferential crack, 0.123-inch ( })

1.5

Circumferential crack, 0.060-inch (1.6
1. 7

,

pits within stains
Circumferential crack, 0.072-inch ((3)1)1.8

1.9 Circumferential crack, 0.196-inch -(3)
2. 0 Ci rcumferential crack, 0.185-inch
2.2-3.6 Axial line of stain containing numerous

single pits
Circumferential crack, 0.143-inch (g)2.3

2.6 Circumferential crack 0.205-inch
3.2 Circumferential crack, 0.263-inch
3.6 Circumferential crack 0.232-inch
4.0 Circumferential crack 0.252-inch
4.3 Pits within stains
4.6-5.9 Pits within stains

Patch of stain
Circumferential crack, 0.255-inch (g)4. 9

5.4
5.4-;.9 Pits within. stains
7.4-9.3 Tube removal damage
8.0-8,5 ' Pits within stains

(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 A111-13

Axial Location,
in. from top of tube section Comments

0-1.0 Tube removal mandrel marks' '

0.84 Isolated pits

1.0 Isolated pits-'

1.29 Isolated pits

1.6 Stains containing pits
2.88 Stains containing pits
3.5-3.8 Scattered single pits

.

|

|
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TABLE'S

METALLOGRAPHY RESULTS FOR TUBE A112-5

Specimen-
Axial Designatjon- Grind

g 3
Half, cw Location Type Increment Observations

300-120* 1-1.2 Al-T ~ 0.005 Surface IGA in stains,

<0.001" max. depth
~0.010 - Surface IGA 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 IGA in stains,

<0.001" max. depth;
intersected crack at 1.2"

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

~0.015 Two single pits, 0.002" max.
~ depth; surface IGA adjacent -
to pits, <0.001" max. depth

! 1.3-1.4 A3-T ~0.005 Two adjacent pits, 0.001"
max. depth; surface IGA
adjacent to pits, <0.001"
max. depth

~ 0. 010 Surface-IGA in stains,
<0.001" max. depth

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

1.4-1.5 A4-T ~0.005- Surface IGA in stains,

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

<0.001" max. depth
~0.015 Surface general corrosion,

0.002" max. depth; two
single pits, 0.002" max.
dept'

fMeasuredfromtopofpiece
T: Transverse views

! 3 Incremental amount of material removed, in inches
,

|
!

< .
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TABLE 5, cont'd.
METALL0 GRAPHY RESULTS FOR TUBE A112-5

Specimen
Axial Designat{on- Grind

1 3
Hal f , cw location Type Increment 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"

i

fMeasuredfromtopofpiece
T: Transverse views

3 Incremental amount of material removed, in inches

, - -. .. - . . . - .
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TABLE 6

METALLOGRAPHY RESULTS FOR TUBE A111-13

.

Specimen
Axial Desi9nat{on Grind

g 3
Half, cw location Type Increment Observations

0-180* 1-2 A-L (1.2") 0.019" Typical ID surface appearance
0.023" - Typical ID surface appearance
0.015" Typical ID surface appearance

1-2 B-L (1.6") 0.073" Typical 10 surf ace appearance
0.014" Typical ID surface appearance
0.011" " Patch" of IGA, 0.005" max.

depth, 0.013" mouth
0.005" " Patch" of IGA, 0.005" max.

depth. 0.010 mouth; surf ace
corrosion 0.040" below IGA,
<0.001-inch deep

0.013)' Typical.!D surface appearance

2 1/2 - C-L (2.8") 0.093 IG Crack, 0.010" max. depth;
3 1/4 surface IGA adjacent to crack,

<0.001" max. deptn
0.023" " Paten" of IGA, 0.008" max.

deptn, 0.005" mouth; surf ace
IGA adjacent to crack, 0.002"
max. depth

0.014" Single pit 0.002" max. depth,
0.002" mouts; surf ace corrosion
0.030" oe!ow pit,'O.002" max.
depth; ,urface IGA between pit
and gr.neral corrosion, 0.003"
max, deptn

0.013" Surf ace genersi corrosion,
0.002" max. depth

.

fMeasuredfromtopofpiece
L: Longitudinal views

3 Incremental amount of material removed, in inches
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A 112-5 Piece i

12 0 ' 300* I20*
UTS -2" g 36 g

1. 0"
4

A 0. 5 "
2.5" ;g

Soecimen List
V

B A: 4 Transverse specimens
i through tree-like stain7,, o.i" and pits

B: Transverse s;;eci en
through pit string <

t

1 |

' l

3"

UTS -12" "

Fig.re 5. Section Diagram for Tube 112-5 Sample

.
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Specimen A4 - Grind 3 General Corrosion
i
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| Specimen A3 - Grind 1 Shallow Pits
i

I Figure 7. Transverse Photomicrographs througn Tree-like Stain
| in Tute 112-5 Specimens
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| Specimen A3 - Grind 3 Single pit
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l
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!

Figure S. Transverse Photomicrograpns !nrougn Tree-like Stain
in Tsce 112-5 Scecimens
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A.lll-13 Piece i

O* 18 0' 360*
I I |

|| Al

..

' '
Specimen List

A B A: Longitudinal Specimen to
I ,, examine pit at 1.2", reverse

bend

D E B: Longitudinal specimen ta'

4'. examine pit at 1.6'', reverse.
0. 5,, bend

|| C: Longitudinal specimen to
**#*i"' Pit' *t 2' "

OA" C

4 O&E: Reverse bend specimens

I

l!

I8.6" F

U

Figure ;;. Section Otagram for Tube 111-13 Sample
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|f$

Grind 1 Typical ID

,0.010-inch,

Figure 11. Longitudinal Photomicrographs of Tube 111-13
Specimen A (0.2")
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Figure 12. L;ngit dinal Phot:mcr::ocns of Tube 111-13
5:eci en 3 (1.6")
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INTRODUCTION

.

GPU Nuclear utilizes a stancard differential eddy current technique to

examine the tubing in the TMI Once Through Steam Generators (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 eddy current signals is performed by evaluating the

amplitude and orientation of tne signal. The amplitude of the signal

TheIndicates the volu e of the discontinuity and is measured in volts.

orientation of the signal is measured as a phase angle and indicates the

origin (inner ciameter or outer diameter) and percent througn wall

cenetration of the discontinuity. This method of analyzing the eddy current

signals is called Phase Analysis. In :nts pro:ess. a certified data analyst

The onasemeasures the phase angle of the eddy current signal in degrees.

angle measurement is then applied to a conve"5+cn tarve anc the origi9
1r:

cercent through wall penetration of the discontinuity are determinea,
l

~~eThe basis of the traditional conversicn c,irve 9as ceen tne ASME coce.
|ASME code delineates the carameters <:r estaolishing a :arve fer

~9:At j gdiscontinuities originating en the cutside diameter cf the tuting.

practice has ceen to extrapolate this outside 3tameter curve to previ:e 3

linear curve for disecntinuities of 0 100 cercent througn wall ortgina: ;

on the inside diameter of the tube wall (See Figure 1).

l

|

'3' i
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The discontinuttles present in tne TMI OTSGs are very tignt, intergranular

stress assisted cracks (IGSAC) originating on the inner diameter of the tube

wall and are therefore not well represented by the traditional curve wnich

tends to over call small volume inner diameter discontinuitles.

In order to establish a more accurate conversion curve for the specific

discontinuities present in the TMI OTSGs, the traditional curve was enhanced

through the use of supplemental reference points. These suoplemental

reference points were based on the eddy current responses from synthetic

defects (ECM notenes) claced on the inner diameter of incenel tubing
.

reprcsentative of the actual OTSG tubing. The analysis of the eddy cur ent

responses from the ECM notches provided known and measured intermediate

This data Crovicespoints for defining the inner diameter conversion curve.

intermediate reference ceints cf 20. 40, 60, aa: 80% tnrougn wall (ccminal)

permitting the cevelcpment of a mult':oint curve reoresenting inner ciateter

originated discontinuities.

Tne use of this enhanced conversion curve enacles GPUN to more accurate'y

determine tne percent througn ' wall penetratien of inner diameter

discontinuities wnich ensures incicat ons of 40% througn wall or greater arei

. properly dispositioned. In ,acd' tion, discontinuities cf less than,40".

through wall :an ce monitored for future change.

.

L
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As part of this analysis, the accuracy of the curve was verified using

actual IGSAC samples. This verification was made by correlating the actual

percent through wall, as determined by metallography, wlth the assi.gned eddy

current percent through wall, as de ermined from the gnase angle measurement.

METH00 OF CURVE DEVELCPMENT

Using phase analysis techniques for eddy current analysis, the depth of

penetration (percent through wall) and origin (inner diameter or outer

diameter) of a discontinuity can ce determined. This determinaticn is made

by analyzing the enase angle (crientation) of the eddy current signal and

converting the phase angle into a cercent througn wall determination.

During the examination of CT5G tubing, inner clameter originated

discontinuities produce eddy current response signals witn chase angles

which occur over a 30 degree range. This' range of anase angles is Counced

by a 100* through wall hole which is set for 40 :egrees aa3 re: resents t e

upper. lim;t. The lower limit is bounded by croce motion and non-relevant

tube noise wnich represents the inside surface of the :uce. Ints pr::e

motion and tube noise has been measured at ap roximately 13 cegrees.

.

:# : +By contrast, discontinuities which originate on the outer alameter

tube result in eddy current responses with phase angles fr:m t9e 130'.

through wall hole at 40 degrees to approximately 110 degrees for a :'.~.

': :3
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through wall discontinuity. This phase relationship all0ws the data analyst

to determine the origin of part through wall discontinuities up to

approximately 80% through wall. Above this point, the influence of other

factors such " discontinuity shape and volume prohibit making accurate

determinations of the discontinuities origin. GPUN therefore

administratively dispositions discontinuities aeove 80% through wall as 100*,

through wall.

The narrow phase spread for the inner diameter discentinuities is rela:ively

constant and no significant improvement was noted during a review of the

existing 200, 400 and 800 KHZ data. The -inherent limitations of this narrow

phase spread require the use of conversion curves and evaluation techniques

capable of providing the highest degree of accuracj and reDeatability whicn

can be obtained.

The development of a conversion curve capable of providing accurate percent

enien accuratelythrough wall determinations requires using star:ar:5

represent the actual discontinuities. The discontinuities oreviously |
!

identified in tne TMI OTSGs are characterized as ceing very tight. |

|

|
Intergranular stress assisted cracks (IGSAC) originating on the inner

diameter of the tube and precagatin; 'n a cie:amferential manner (See 7R

341).

' ,

!
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Utilizing the EDM notch standards which were originally used to qualify the

eddy current test program presently being implemented at TMI (See TOR 423).

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 Appendix A).

This EOM notch curve revealed that the traditional conversion curve for

inner diameter originated discontinuities was overly conservative and did

not provide accurate percent through wall determinations. The EOM notch

conversion curve offered a substantial increase in the accuracy of percent

through wall determinaticn, however, the hyperbolic shape of the curve

prevented using the existing automated data evaluation system.

The existing. data evaluation system the Zetec 00A-4, offers computerized

phase analysis of eddy current signais and provides a mecnanism f:r

accurately and efficiently determining percent tnrough wall values.

However, the 00A-4 is limited to a linear'incer diameter conversi:n curve

and, therefore, could not reacity utilize the EDM notch-conversion curve.

(See Appendix 8). -

i
i

' $b
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. The benefits of utilizing the 00A-4 warranted further investigation to

develop a conversion curve which could combine the accuracy of the EDM noten

curve with the data analysis capabilities of the.00A 4. In order to provide

a means.of implementing an accurate inner diameter curve using the DDA 4, a

linear approximation of the EOM notch curve was develcped. This

approximation was developed as a linear function using the 1007. through wall

hole in the ASME calibration stancard to bound the upper limit at 40

The lower limit was establisned using the signals frcm proDedegrees.

motion and tube notic which occur at approximately 10 degrees. (See

Figure 2).

In addition to providing a means of utilizing the 00A 4, the linear

approximation also provides an additional level cf conservatism over the ECM

notch curve for indications 40?. through wall or greater. This additicnal

conservatism accounts for variaticns in sizing actual ' discontinuities versus

sizing uniform geometry synthetic defects and assures discontinuities frcm

40 to'1007. through wall will be properly discostrioned.

For discontinuities anien are identifiec as teing less than 40~. tnroug-

wall, no further disposition is reautred. Tuoes with dis::ntinuities in
!

this range are categorizec as '*degracec" tutes anc are montterec :ur ;

subsequent examinations.

' ' 3: :1
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The assigned percent through wall values for this subset tend to be lower

than the actual percent through wall penetration, however, the assigned

values are utilized for data base management only. Although the assigned

percent throut1h wall values are lower than the actual values, the assigned

values can be used to effectively monitor indicaticns for changes in phase

angles.

METHOD OF CURVE VERIFICAT'CN

The accuracy and reDeatability of the GPUN inner diameter conversion curve
..

These vertftcations werewas verified using two different types of data.

based on data obtained fecm metallurgical correlations and from the

previously identified EDM notches.

The accuracy of tne GPUN inner diameter conversion curve for tne scecific

discontinuities in the THI OTSGs was verified through metallurgical

correlations of actual IGSAC samples. These Tecallurgical correlations were

performed by comparing the actual IGSAC cercent througn wall, as determined

by metallography, with the assigned eddy current cercent thrcugn wall, as

determined by the GPUN inner diameter conversion curve.
!

- .

The correlation incluced actual IGSAC samples wnich were creviously remcvec

from the OTSGs and !atcratory induced IGSAC samples. The sample of removed

tubes included all avallatie samples from belcw the upper tube sheets, ai!

i

,

3' sa i

!

I
L



. .

TOR 642
.

Rev. 2
Page 10 of 17

|

available part through wall samples and additional 100% tnrougn wall samples |

from within the upper tube sheet. In addition, to these' removed samples,

two samples of TMI archive tubing with laboratory induced cart tnrouan wall

IGSAC were included. (See Appendices C and E).

To graphically illustrate this correlation, the eddy current assigned

percent through walls were plotted against the actual percent tnrougn walls,

as determined'.by metallography as shown in Figures 3 and 3a. These plots

verify the GPUN in'ner diameter curve provides a more accurate means f

-determining-pircent tnrougn wall for actual IGSAC samples than traditional

conversion curves. Appendix E nas been added to provide the statistical

evaluation of this correlation.

The GPUN inner diameter curve was further analyzed using the previously

mentioned EDM notch standards to ierify the reliability and repeatability of

the overall examination techniques. The analysis was ::erformed by esamining

the same ECM notch standards used to develop the "ECM NotcT' curve.

.

The examinations consisted of scanning eacn of the stancards four times,

This :ctnod of scanningrotating the standard 90* between eacn scan.

subjected each notch to "best case anc "wcrst case ' oroce orientat'.t' :

*esimulate the effects of probe passage during in-situ evaminations.

ekaminations were then repeated using a different proce to account fori

&n
|
i

I

_ _.



9
I

c- -

TDR 642
Rev. 2
Page 11 of 17.

variations in probes. The probes were designated B and C and the data-
.

collected was identified as Data Sets B and C. Data set A was used for the

initial screening as described in Appendix A.

The eddy current percent through wall ceterminations were then plotted

against the actual percent through walls to determine the repeatability of

the examinations. The resulting data plots showed an average overcall for

indications 40% through wall or greater. This average overcall indicates

the conservatism GPUN added by using the linear approximation can te

maintained during repeat examinations. (See Figures 4 & 5 and Appendix 0)

CONCLUSIONS

The inner diameter conversion curve cuallfled 1erein provides a more
initiated, intergranularaccurate means of dispositioning inner diame:er

stress assisted cracks (IGSAC) than traditional conversion curves. The

implementation of this curve will enhance GPUN's eddy current capacilities

and ensure the IGSAC ind.ications identified du ing GTSG eddy currentr

examinations will be properly dispositionec.

In addition to providing the aoilitj :o croce'?y ofsposition
,

discontinuities, the conversion curve can ce implemented using tre existing

data analysis techniques. Maintaining tnis continuity in analysis

techniques, enaoles GPUN to monitor tubes with indications (degraced tuces)

during subsequent esaminations.

:'31- :a
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FIGURE 1

TYPICAL ED0Y CURRENT CONVERSION CURVE
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FIGURE 2
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FIGURE 3
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FIGURE 3a
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FIGURE 4
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FIGURE 5
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Appendix A

ED0Y CURRENT STANDARDS AND EQUIPMENT USED FOR QUALIFICATION
.

The standard differential examination technique used to examine the TMI-I OTSG

tubing uttitztes a Zetec 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 number of examinations required to qualify the inner diameter

conversion curve for use with the different probes and gain settings, the

techniques were compared using both an A.S.M.E. standard and a E.D.M. notch .

The results as shown on Figure A-I confirm that the Anase angle ofstandard.

the eddy current signal is not affected by varying gains or probe diameters.

As a result of this comparison, the remainder of the cualification was.

perfccmed using the acoilcable portions of tne existing .540" High Gain*

examinaticn procedure (1300 4B/42-EC-068). ,
.

The qualification program used nine standards having electro-discharged

The depth of tne not:nes /aried between 17% to 1:0*.machined (EOM) notches.
The notenes ae-ethrough wall penetration with a nominal width of .005"

:n:trcumferentially orientatec with arc lengtes from .060" to 1.200",

addition, one stan:ard (TMI-ET 110) :entained .060" longitudinal not:res.

(See Figure A-;;

e

33r :nA-
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Prior to using the fabricated tube standards for establishing a Qualification

hrogram,itwasnecessarytoreviewtheeddycurrentresponsestoensurethe

eddy current signal was not being influenced by tube abnormalities. This
,

,

review was conducted on each of the 31 notches. As a result of this review
'

' the following notches were deleted.

1. E.T. Std. No. TMI-ET-il2 - .100 4 56%

.100 x 79%

2. E.T. Std. No. - THI-ET-111 - .060 x 171

3. E.T. Std. No. - THI-ET-113 - .187 x 57%

The above notenes were deleted due to signal distortion caused by tube noise,

manufacturing, and/or handling. Figures A-3. A 4. A-5 are photos of the e::y

current presentation.

.

O

-
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Figure A-l

PHASE ANGLE COMPARISON AT 400KH2

E00Y CURRENT PHASE ANGLE
STANDARD (Measured in Degrees)

ASME Standard (0.0.) .510 .510 .540

S/N 92311 Normal High High

Flat Bottom Holes Gain Gain Gain

40 40 40
100% T.W.

e 75 75 75
80% T.W.

60% T.W. 92 92 92

40% T.W. 113 113 113

20% T.W. 121 122 121

E.D.M. Noten Standard (I.O.) .510 .510 .540

S/N THI-ET-114 Normal High High

Circumerential Netches Gain Gain Gain

80% T.W. 35 38 38
.

60% T.W. 30 30 30

40% T.W. 26 07 27

9 9 9
20% T.W.

.

*
ee
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Figure A-2

LIST OF TUBE STANDARDS

STANDAR05 NOTCH LENGTH NOTCH OEPTH COMMENTS

TMI-ET-101 .250 C 39% 0.0. 4 Notches 90* Apart
.250 C 38% !.0. 4 Notches 90* Apart'

,

TMI-ET-110 .060 L 20% I.D.
.060 L 36% I.D.
.060 L 62% I.O.
.060 L 79% I.D.

TMI-ET-111 .060 C 17% I.O. Delete
.060 C 37% I.O.

,

.060 C 51% I.0.

.060 C 74% I.O.

TMI-ET-112 .100 C 18% I.3.
.100 C 39% I.D.
.100 C 56% I.O. Deletei

.100 C 79% I.O. Delete

TMI-ET-113 .187 C 17% I.D.
.187 C 36% I.O.
.187 C 57'. I.O. Delete
.187 C 74% I.O.'

THI-ET-114 .250 C 18% I.D.
.250 C 40% I.O.
.250 C 58% I.O.
.250 C 79?. I.D.
.250 C 100%

THI-ET-115 .520 C 65% I.D.
.520 C 767. I.D.
.520 C 100%

THI-ET-116 .750 C 41". I.O.
.750 C 62'. I.D.
.750 C 78% I.D.

THI-ET-117 1.000 C 22". 1.0.
1.000 C 38% I.D.

C - Circumferential
L - Longitudinal

Eddy Current Standard Certification cacnages are n file.at the 7MI 5i e

4 ' 2 2, :a

'
. _ _ _ _ _ _ _ _ . _ _ _ _ _ _
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Eddy Current Tuoe Sample S/N THI-ET-111'
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! Noten .060" x 17% 10

i
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:arrc
The above 17% notch is selow'tne cualif tec thresnold of detect' n ac::'

be isolated from tne tuce noise.
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Figure A-5
,

Eddy Current Tube. Sample S/N TMI-ET-113

( 3

i
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Notch .187" x 577. 10

.

The above flaw lissajous pattern is being distorted due to
interference from a cent.

1
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Introduction

The eddy current data collected during TMI OTSG tubing examination is recorced

on magnetic tape and analyzed "off line" by a certified Data Analyst.

The data analysis. process is carried out using both the conventional Zetec

Miz 12 analog system and the Zetec 00A-4 digital system. In this process, the

data analyst reviews the eddy current data on an oscilloscope and identifies

potential defect signals.

Once a potential defect is icentified, the portion of the data containing the

signal is entered into the 00A-4 analysis system for further evaluation.

The purpose of using this two step method of data analysis is to maintain tne

sensitivity of the analog oscilloscope 'or icentification of potential Oefects

while providing the additional analysis Cacabilities of tne 00A 4

Method

Prior to starting the review of the eddy current data. Ine data analyst

reviews the calibration standard whicn 's recorded at the star! Of eacn

magnetic tace. The analyst enters the phase angles from the calibraticn

standard into the 00A 4 and the onase angle versus percent througn wall

conversion curve for outsice clameter ciscontinuities is automatically

develoced. The desei:cment :f this c:nversion curve is preprogrammed aa: 'I

!

;
,

.
:

. . . . . - - _, , - . , _ . _ . , . . - . - . . - -
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based on the outside diameter flat bottom holes contained in the "ASMEa
The inner diameter portion of the curve is automaticallystandard.

extrapolated from the 1001 througn wall hole to zero. By shifting the

location of the through wall, phase spread of the extrapolated portion can be
.

varied.

The proper orientation of the through wall hole is determined by the angle of

the probe motion, which should occur horizontally. During esamination of the

THI OTSGs, the separation of the probe motion and the 100% through wall r.o'e

is 30* and therefore inner diameter discontinuities will have chase angles in

(Figure B 1 shows a typical conversion curve for the TMI OTSGs.)this range.

With the calibration standard information entered into the 00A 4, the

conversion of phase angles to percent th-ough wall can be accomplished

automatically using tr.e crepr:grammed vec::r analyzer.

In order to determine the percent tnr ugn wati cf a ciscontinuity, tne :1:1

The signal can tren
analy'st isolates the eddy current signal on :ne s:reen.

be expanded to permit the analyst to more accurately se;ect tre accr::r:a:e

points for signal measurements.
.

Once the appropriate coints are selected, the snase angle measurece-:. : ; d'

amplitude and percent through wall are cisplayed. The eddy cur er: s ; a, 1-

all pertinent information can then be printed as a hard c:oy cr :ne

';' - :n
I.;
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information, including the eddy current signal can also ce recorded on a data

diskette. (Figures B-2, B-3, and B a show typical eddy, current signals as

analyzed using the 00A 4.)

.

At present the eddy current signals and evaluations are being maintained usir.g

data sheets and are supplemented by the hard copy printouts. The data is then

manually 1nput into the TMI Eddy Current Data Base System.

Should GPUN decide to utilize a direct input data base in the future the DCA a

generated diskettes can provide the direct input mechanism.

.

.

|
' ,

l . . . , .

! 53 --

i
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Figure 8-1
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Figure B-2
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Figure B-3
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Figure B-4
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Metallurgical Correlations
.

GPUN utilized metallurgical correlations to verify the accuracy of the

enhanced inner diameter conversion curve. The metallurgical data used fcr

these correlations was extracted from TOR 423, Appendix A and TDR 686. Tne

eddy current percent through wall determinations were made by re-analyzing

existing eddy current data using the present data analysis techniques and

the GPUN inner diameter conversion curve.

The eddy current analysis was completed using the techniques described in

Appendix 8. In using these technicues the data was recorded on a curve

which extends from 0-30* The data was then normalized by adding 10' to

cermit correlations with data which was recorded on a curve from 10 40'

This normalization maintains consistency with the remainder of the analysis

wnich was recorded on a 10-40* curve as snewn on Figure #2 in the tedy cf

this report.

|
The IG5AC samples utilized for,tne correlations consisted of lacoratorj

|

i induced IGSAC samples and tubes which were crevicusly remved from tne ~ui !'

OTSG's. The IGSAC was characterized in TOR 341 as ceing very ti;nt, ince-
~

diameter initiated and procagating in a circumferential manner.

I
~

a

Figure C-1 is a summary cf the e3cy current versus metallurgitar

correlation. Figures C-2 t9rcugn C-13 are examples of hard cor.y prin::u:s

! detailing the w!dy current signal analysis as performed using tnei

'

Zetec 00A 1

C-i '*1:' :

'
_ __
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Figure C-1

Correlation of Eddy Current Percent Throughwall
Versus Actual Percent Throughwall

Data from TDR 423

Tube Location From Metallurgical Eddy Current Eddy Current

Obs Numcer Top (inches) Depth Depth Phase Angle
(Normalized)

Laboratory Induced IGSAC

1 Sample 23 4.0 38% 41% 22*

2 Sample 24 4.8 54% 51% 25'

OTSG Pulled Tubes

3 A 112~-7. 10.7 66% 68% 30'

4 A 146-8 4.0 70% 82% 34'

5 A-24-94 12.8 70% 100% 39'

6 A-24-94 34.0 100% 100%* 46'

7 A-133-74 32.0 100% 90% 37''

8 A-133-74 33.0 100% 100%* 51'

9 A-11-66 11.6 100% 100%* 44*(min)

10 A 146-6 8.5 1007 100%* 62*

11 A-13-63 26.8 iOO% -100%* 55'

12 A-10-29 7.6 100% 93% 38'

Data from TOR 636
'

Tube Location Frem- Meta!!urgical E0cy Current Ecty Cu -ent.r

Number Top (triches) Geotn Deptn Pnase aagle
(Normat':ec)

13 A-111-13 1.2 20% 23% 17'

14 A-112-05 1.4 100% 100%* 53'

15 A-112-05 2.4 1007. 100;' 68'

16 A-112-05 2.9 100% 100'." i:'

17 A 112-05 4.1 100% 100%' 53'
-'.

18 A-112-05 5.8 100% 10C%'

The measured pnase angles identify these signals as ceing outer :ta e er*

GPUN administrat vely Coni':!"si
83 to 97% througn wall discontinuities.

indications greater t: In 80'. tnrcugn wall, inner diameter er cuter

diameter, to be at or aear : C'. througn wa!1.

.: - :1:-

j
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Figure C-2
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Figure C-3
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Figure C-7
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Figure C-9
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Figure C-10
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Method of Data Analysis - Introduction

In performing Eddy Current Examinations on tubing similar to wnat is

installed in the Three Mile Island Unit 1 Once Through Steam Generators

(OTSGs) the analysis of the standard differential eddy current response
'

signal ' indicates the magnitude of a flaw that may ce present in the case

material. The eddy current signal analysis is cuantified by recording tne

signals amplitude in voltage anc the onase angle measurement in degrees.

The voltage 1$ relatec to Ine flaw's total volume and the phase angle is

related to the flaw's eenetration in'the base material. It is the decin of

the flaw that ultimately determines the disposition to remove steam

generator tubing from operating service.

The Engineers at GPUN haee recogni;:ed that the traditional formula used to

determine the flaw's penetration, derived from the phase angle measurement.
*

consistently overcalls the deptn of small volume inner diameter flans. .n

order' to understand the degree of overcall that has been reportes dur:ng

Eddy Current Examinations using tne traditicnal phase angle to :ercent

through wall conversion process..a control test was cerformec to correta:e

the actual values of small . volume i ,ee diameter flaws and the : rras: car g

Eddy Current onase angles.

This data from ECM Notenes was used to understand t9e true relationsnt:

between chase angle anc cercent inrougn wall cenetraticn for steam gere at:r

tuees and to mocify :ae crocess : rat cere m net flaw ceot1 during :ne,

3: :'35f :a

4
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standard differential Eddy Current Examinations on the THI ! OTS0s. Tnis

report discusses the method of data analysti that was used in the

qualification-of the modified conversion curve.

'

Data Sets

The data recorded for EDM notches. percent through walls and the

corresponcing phase angles, was collected in two data sets latelled 8 and

C. These. sets were run incecencent of each other while the control of the

process for tne two sets was icentical. (See Table 0-1)

The data recorced for the metallurgical samples was obtained by reanalyzing

prior data and was labelled data set D.

A scattered plot showing the relationsnip.ce!.een cercent :nrougn nail and

the stancard differential phase angle nas recared from cata in sets S anc C.

The data values for the 100% through wall not:mes were elHMated fe:, : e

plot because the notches were macnined from :ne tuce's outer clameter. e

phase angle response from outer diameter machined notcnes was influences Of

the resulting geometry and clased the data set.

By eliminatir.g the 100% througn wall notch data, the plots provicea a

graphical illustration of the function that relates inner diameter cer:e :

through walls at various dectns to corresponding signal chase angits *e

pattern of the ca!!ered c'Ots 'cr :et S and C formed a nycercolic snsce

(See D gures 3 ~ ' - :

" :?': -.-

. - _ _ _ _ -
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Line of Best fit
.

For each cercent through wall less than 1007. the average phase angle value

was calculated. The method of leas: sauares for a nonlinear relationship

was applied in order to determine and plot the line of best fit to tne data

represented by the percent through wall vs average psase angle values.

The line of best fit served as a reference curve to the predicted values.

The two lines of bes* fit for data set S and C exhibited close agreement in

the ecuations tnat satisfy tne lines

data set 8 y 7.778 + .6442(<> .034925(r)2+

data set C y - 8.0516 + .72137(n) .032784(4)2+

A linear relationsnio was develo ed Cy virtue of the 40 degree. ICC'. tnrcuge

wall recuirements on the upper bound and tne 10 degree, eddy current crece

motion as the Icwer cound This linear fu ct+on was com: area to tre

reference :urve for Oest fit in order to esta:itsn tne :egree of certainty

of maintaining coverage. (See Figures D-1 & D-2.)

*

::rrelation .

To show tne variant in :ne agreement between cer:ent tnr:ugn all'

determination made f cm tNe crocesed linear iine and the eddy ;urrent

assigned percent tnrougn nail f om.tne ECM notches, a c:rrelation as

established. ::r : nase ingte measarements recorded ducto; the e:c:. :;r-ent

:-2 '':{- : .,

;
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analysis of data sets 6 and C, the corresponding percent through wall frcm
Shown in Table 0-2, " chase" represents the

the linear line was determined.
measured phase angle from the inspection of EDM Notches from data sets B&C.

"TWi" represents the corresponding percent thecugh wall calculated from the
"TWS" and "TWC"

GPUN conversion curve by using the measured phase angle.

represent the actutal percent through walls from data sets S and C.

A plot of the GPUN conversion curve assigned thrcugn wallrespectively.

values vs the actual percent througn wall is snewn in Figures 0-3 ar.c 0 1

The 45' line represents 100% correlation.

For GPUN to demonstrate tne procosed ccnversten curve is conservative the
The

conversion curve must overcall the actual percent through wall values.

average overcall for indicatiens 40% thrcugn wall or greater was 3.9 anc 4.3
~

for data sets B and C respectively.

The at0ve average values nere determined by calculating the mean for tne
.

differences between the actual ana GPLN converstCn curve assigrec /alues.l
'

(See ' Figures 0-5 and 0-6)

t

Secause percent througn walls less tran 20 are COnsiderec nonee
e,1--

indications during crocuction esaminations tne cata for less icNote

20% was celeted.

:u
02.
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FIGURE 0-1
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FIGURE 0-2
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FIGURE 0-3

COMPARISON OF CPUN CURVE VS EDDY CURRENT RESULTS
ON EDM NOTCH SAMPI E

Pter er tusetus Ltcose: A = l ass. s a 2 car. ETC.~
.

Iil l1i ili 1Il iI AI II
199 * '

I AC
I I A4I II9e * l Ali I cal.I
1 A C

I iI
90 * Il Ai li 3I l 9I

I AIl7 fe * II
1 Al ,

II AI A A
i

P l I A C 9
IR 64 * 1i

E I A I A B
I V

D I 1
8 A

L i i
8C Se + II

T I 90C
1

C i Ali
0 % I*e * Ii

e lII 3C iIi e iI
3e * C iii Iil i

e
I 9 8

20 * IiB
4 ili ii
l I

1 Ile + C .
e Iil 1aA
I ItIo. i

1 INDICATIONSII

INDICATIONS |IBELOW THRESHOLD
i

DISPOSITIONED
| MONITORED

. .. .. ............ . .. ..- . ~........................................|
e le :s 3e 4e se Ao re se ** in

acr a molen cemetrPomeins to ter
.

1136f ca
0-7



: .

. .

TM 64-
Ret 2

Accendin D'

FICURE 0 4
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FIGURE 0-5 ;
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FIGURE 0-6
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TABLE 0-1

SHEET 1 of 5
.

,
C3nPLCTC e Def A TCf

OSS JEf ITS tE3f fut peu21 R f400

t B El St0 e 2e et e .99
2 B Et sto I 14 to 2.44
3 3 (T lie I e2 27 3.92
4 5 Ef 100 t 79 31 5.64
5 9 ET tit 2 29 12 c . 99
a P Ef 100 2 34 13 2.44
7 9 Ef tte 2 42 26 3.94
8 9 E f 140 2 19 38 5.45
9 8 Ef 114 3 24 12 0.00
te t CT tit 3 34 le 2.31
Il B [f s te 3 62 24 3.93
92 9 C1 180 3 79 3t 5.74
13 h Ef tio 4 24 42 t.#6

e4 D Et lie 4 34 of 2.3F
'5 t Et lie 4 a2 25 3. P5

*

to D CT tte 4 79 31 5.62

17 8 ET til t 37 29 4.40

14 9 Lf til 1 59 29 0.65
69 3 kt t19 t 74 34 0.'6

23 p Cf tti 2 1e 28 0.a4

29 b Ef til 2 37 3t 4.39
2 .' O Ef til 2 74 33 0. ?5
23 t ET tot 3 it 26 0.e5
24 9 (f til 3 37 27 4.44

25 9 El tti 3 74 34 9.74
24 h ET tti 4 50 27 0.42

27 B ET 191 4 37 30 0.82

28 9 Ef tli 4 74 34 0.72
29 e Cf 112 e te to 4.49

30 t CT 112 8 39 22 4.70
31 3 (1 192 2 't 10 4.49

32 8 CT t t 2 2 39 24 9. T8
33 9 CT 192 J te la 4.* 0
14 6 Ef 112 3 37 23 0. 16
35 t f f 19 2 4 te to 0.53
14 9 ff it: 4 39 24 0.'5

17 3 Et it le t *7 9 o.12
33 > Et it3 34 2e '.44

37 e ET t t3 Fe 40 s.v2
40 t ET 143 2 61 te v.74
4 9 ff t13 2 3e 21 t.J9

42 > (f it) 2 74 38 2.72
43 e f f tt 3 3 17 et 4.1

44 b if 193 3 34 *t 1.44
45 9 Ef 193 3 78 37 2.26
46 ) Et sta e ti 46 0. F4
47 ) [T 813 4 3a 19 4. 38
48 > ff it3 4 74 34 2.35
49 S [f its i IS S 6.60
50 ) ET 144 9 de 24 t.87

50 t [f 104 I te 28 2.15
52 9 (f 114 4 79 34 3.04
53 3 (f $14 2 *8 e t.0

t. .o
p gf t.es 4 2.4 ..W4

t6
... ,, .. .

.

0 11 !!36f sa
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TABLE 0-1

SHEET 2 of 5

conet.ETE o sera RET

GSI Stf 379 TEff TuS Pow 3E WLT434

57 8 ET tt4 3 le e t.02

50 t ET tte 3 to 24 f.92

19 8 ET lie 3 58 29 2.52

64 9 ET 844 3 79 34 3.64

et t ET $14 4 ts 7 6.02

42 9 ET 844 4 44 24 8.99

43 D ET194 4 54 27 2.54

44 b ET tl4 4 79 35 3.99

e5 3 El 115 t &S 32 5.28

&& D ET 995 t 74 34 5.55

47. 3 ET 115 2 65 34 5.23

43 D ET 1t5 2 Fa 30 5.44

69 3 Ef 115 3 65 33 5.25

79 9 Ef 195 3 76 37 5.57

75 e ET ttS 4 45 32 5.25

F2 8 Ef 185 4 76 38 5.55

F1 8 Et lie f 41 24 5.46

F4 3 Ef tie t 62 27 3.12

75 3 Ef 114 t FS 35 S.79

76 3 Ef tte 2 41 24 5 .05

77 9 Ef sta 2 42 29 0.04

70 D Ef 116 2 78 35 S.7%

79 3 Ei tie 3 41 23 5.92

to B ET tte 3 42 23 0.24

el 3 Ef 114 3 78 34 S.90

82 3 Et tie 4 41 24 5.74

83 3 Et lie 4 42 28 5.23

84 S Ei tte 4 TO 25 S.DG

SS a Er 16 7 t 22 . ** 5.te

86 3 ET 117 1 38 20 10.94

SF 3 ET 117 2 22 to 5.t2

es 3 Ef 117 2 38 26 14.77

S9 e ET 417 3 22 to 5.59

90 9 ET lif 3 34 29 14.99

ft t ET 19 7 4 22 IS 5.28

92 3 Et it F 4 30 Ot 40.74

.

II36f Q3
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TABLE 0-1

SHEET 3 of 5

Court.ETE C BAf4 Itii

Set JET 5f9 TEff fidC PteASE W.7404

t C Ef Sto 1 24 14 4.87
2 C Er see t 34 le 2.tF

3 C Et Sto t 42 26 3.59
4 C Et n*9 8 19 34 4.54
5 C Et itJ 2 20 14 .

& C ET 110 2 Ja 19 .

7 C Et 110 2 62 26 .

e C El 400 2 79 32 .

9 C ET tte 3 26 42 4.84
to C ET tte 3 74 29 2.97
18 C ET tte 3 62 26 3.64
12 C ET lie 3 79 32 7.14

13 C Et ste 4 29 12 0.04

to C Ef 140 4 36 87 2.20
45 C ET tie 4 62 24 3.6e
la C Ef it0 4 r9 J2 4.97
SF C El til l 37 24 0.47
48 C ET sti t 56 29 9.64

99 C ET t ti t 74 39 4.68

29 C EF fit 2 37 23 4.44

2t C ET 969 2 56 29 8.64

22 C Ef ett 2 F4 37 4.64

23 C ET 9t: 3 37 29 6.44

24 C ET 8 49 3 14 32 6. TS

25 C Ef 116 3 51 33 4.15
24 C ET til 4 37 27 e.42
27 C ET 999 4 74 31 8.49
2e C Ef tti 4 56 33 0.54

29 C Er st2 4 48 12 4 . 48

34 C Et sta t 39 21 4.De

34 C [7 192 2 's 9 4.54
32 C ET 012 2 39 24 9.54
33 C ET 192 3 *C 8 4.49

34 c ET 912 3 39 23 4.*0

31 C El it? 4 90 et 8.18
36 C CT 19 2 4 39 19 4.3%

37 C (T tt3 4 47 9 0.A6

34 C C1 9 9 3 t le 28 4.21
39 f. Ef 10 3 4 74 17 2.44
49 C ET 193 2 ti 8 0.64
di C ET tt 3 2 14 22 f.27

47 C Et til 2 T* 49 2.89

43 C ET 193 3 IF 9 8.75
44 C Ef it! 3 le 18 1 84

45 C El Ill 3 ?4 34 40
*

46 C CT 99 3 4 ti 8 J.78
47 C ET 193 4 16 23 1.44

48 C ET 193 4 74 31 2.43
49 C ET 114 t Id i 4.80
53 C El 164 9 40 21 f.FF
SI C Et 114 9 18 29 2.33
52 C ET 114 1 79 36 2.74

53 C Ef 134 2 18 7 8.88
54 C Ef 144 2 49 24 f.7'

** * st tee 2 '8 28 2,.264-

0 13 II36Y ca
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TABLE 0 1

SHEET 4 of i

C0eru1E C BAT 6 ICTJ

06K JET JTD TCIT Ttst PoinfE VL1400

57 C ET 164 3 te 7 4.99

SS C ET 144 3 49 24 1 . 79

39 C ET 014 3 SW 29 2.33

64 C Et sie 3 79 34 2.75

et C ET 014 4 le e 0.9#

42 C ET 014 4 40 25 1. P9

e3 C ET 184 4 Se 29 2.39

44 C ET li4 4 79 34 2.74

e5 C ET 485 1 45 32 S.57

64 C ff itS 1 76 37 S.00

47 C ET tt9 2 45 3 S.38

64 C ET 115 2 76 38 S.45

67 C ET tt9 3 45 32 S.34

74 C Ef 165 3 FA 33 S.7%

71 C Ef it% 4 e5 30 S.29

72 C Et 115 4 74 38 S.74

73 C Ef it5 4 1 04 48 7.3^

74 C ET tie i el 2 4.18

FS C ET tte t 42 ?? 8.44

74 C ET 11. t 13 33 9.47

77 C ET tte ? 4' 22 e.24
42 *e 8.68

78 C ET tie

79 C Et tte 2 78 33 9.4?

De C ET 116 3 48 20 e.*i

et C ET tt6 3 6? 27 8.24

02 C ET tes 3 is 34 9.13

83 C ET tte 4 48 : 4.83

04 C El ite 4 62 07 8.4S

84 C ET tti 4 70 34 9.J5

Se C ET lf ? 1 :: 83 S.39

87 C ET tti I 3e Os it.83

99 C Ef it? ? 00 14 S.??

09 C ET til 2 29 70 'O.64

90 C Ef toi 3 :: to 4.93
le 20 $4.JI

99 C ET tt. .

92 C El * ti 4 70 14 S.94

13 C ET eti 4 le 26 PC.te

.
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TABLE 0-1

SWEET 5 of 5
<

i-

.

cowatt arries sata :rrs
.EF ft9 7est TLf1 764m3E E f SP T*GDI

t 6 4 eti-64 see e :4 e.
' 9 A Ot3*63 0 0(= t 4e 37

**- fee.

3 (* 4-e24-*4 79 t

4 9 e -02 4 -* 4 t #v ? := PS

? D A-st**#* sa e e et
**

e l' A-13.**t4 1 90 t ;6

7 D A-t33 *4 49 ; 49 9:

$ D A-les*36 tee t M/ S3

* 8 A* tee 70 74 1 ;* t a3

IG l- Is 4.e - 1 144 3
4 , ,t

1

49 8 & ap8 '. - JC e 42 49

l? P f 489 *. I .' * $4 4 65 4e 5% M

*

!
!

|

!
,

|
!
!
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TABLE 0-2

SHEET 1 of 3
.

CopSELATIt4 FRECEhr imu-tekt. e nwn
JETE 8 inne C Te feet CDetutRITen CulWC

FOR fpE Affect 48tt Pleast asef,Ltr

O6J PunKE TW1 7 88 fuC STS TEXT

4 5 -16.5 IS (f it 4 9.

2 6 -l3.2 le LT 014 2.

3 6 -93.2 to ET 144 3.

4 e -t3.2 18 Ef 114 4.

5 7 9.9 'S F.T tte 2.

4 7 -9.9 10 Ef 144 3.

1 7 -9.9 te ET 144 4.

8 8 -4.e le Ef it2 3.

9 0 *6.6 17 EF 113 1
.

to 9 -6.4 17 Ef 19 3 2.

19 8 -6.4 *7 ET 113 4
.

12 9 -4.6 98 ET tte t '

.

tt 9 -3.3 18 ET tl2 2 ,.

14 9 -3.3 17 ET 993 5
.

95 9 -3.3 17 Ef Il3 3.

16 to 0.0 60 Ef 192 4.

17 14 0.0 48 Ef 142 2.

98 to 0.4 te CT 192 3.

ff te e.9 90 ET 14 2 4.

20 80 0.0 17 Cf It3 2.

28 to J.3 20 Ei tio 1.

22 le 3.3 20 CT tto 2.

23 18 3.3 18 [T 1t2 4
.

24 11 3.3 1I ET tt3 3.

25 tt 3.3 t! Ei tt3 4
.

26 12 6.6 20 ET tte 2.

2t 42 6.6 20 2e ET tie 3

29 62 6.6 29 20 CT tte 4

29 12 6.4 18 Et it2 l.

34 13 9.9 22 ff st7 i
.

31 44 13.2 20 Ef tie t
.

32 14 13.2 -2 f f it? O.

33 15 16.5 22 If 117 9.

34 IS 16.5 22 22 CT t*7 4

35 to 19.0 *2 (T tt7 2.

16 16 *t7.3 22 22 (T t17 3

37 le 26.4 14 3. ET tte 1

38 IS 26.4 36 Ef sto 2.

39 IS 26.4 3e EI 500 3.

60 le 26.4 36 (f 183 3.

44 19 29.7 36 CT 999 2
. .

42 19 29.7 36 36 ET tte 4

43 *t 29 . .' 39 ef 6t2 4
.

' 44 49 27.F 36 Ef 19 3 4,

.

43 .'O 33.0 36 a f tie 3.

66 2e 33.0 36 CT 113 e.

47 29 33.0 3. CT s t1 3.

4e 20 13.0 34 (f 'll 4
.

4* 29 33.0 3m ;f 197 1.

54 2e 33.0 34 34 Cf it? 2

St 24 13.0 38 38 (f s ti 3

52 29 36.3 AV tl 8 t J t
.

** *** *
5;

9

.
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TABLE 0-2

SHEET 2 of 3
,

COSSELATlur. PE CEftf fleR4 umtL FASpe
IETI S A80 C TS TW. CSBNERI30es CL9tvt

FOR T6E 43XSclefED PtehTE assi, LEK

OSI FMAKE hfl Fest Tuc KTD frJT

51 21 34.3 34 ET 8 8 3 2.

56 21 34.3 48 ET fte 3.

57 24 34.3 38 ET 14 7 t.

SS 29 34.3 38 38 EF 117 4

59 22 39.6 39 Et it: I.

63 22 37.4 Se CT 193 2
.

41 22 39.4 46 ET tte t
.

62 22 37.6 4% ET S te 2
.

43 22 39.6 48 ET 116 4
.

44 23 42.9 37 ET tts 2
.

63 23 42.9 39 39 ET tl2 3

64 23 42.9 48 ET 114 3.

47 24 44.2 IT ET tti e
.

b5 24 46.2 39 ET 142 2.

49 24 44.2 39 ET 882 4
.

70 24 44.2 44 ET 184 t
.

Fl 24 44.2 40 de ET 144 2

72 24 46.2 40 44 ET 114 3

73 24 14.2 ee ET tid 4
.

74 24 44.2 48 ET lie t
.

75 24 44.2 41 ET lie 2.

74 24 Se.2 44 ET tie 4

77 23 29.5 42 rf 140 4.

78 25 29.5 44 ET 114 1
.

79 25 19.3 Se Ef 114 4
.

Se 24 52.8 62 Et too t
.

St 24 32.0 42 42 ET tte 2

92 26 52.8 42 42 ET tte 3

83 24 52.8 42 CT 844 4
.

84 26 52.8 St ET sti 3*
.

SS 26 12.8 42 CT 994 2.

Se 27 14.9 62 El 110 l
.

47 27 14.6 37 Ei tti J.

SS 27 5 .t St 37 ET tlt 4

89 27 16.9 42 e2 LT lie t

10 27 *.6.4 42 ET t e s 3
.

98 27 14.6 42 Ef 194 4
.

12 29 59.4 51 Et 119 2.

91 28 59.4 58 El 114 1.

94 OS 59.4 50 SS Ef $14 2

94 OS %9.4 58 FT tl4 3.

94 28 59.4 SS Er ti4 4
.

97 OS 59.4 62 Et 114 3.
.

98 OS 59.4 42 ET tte 4
.

*9 29 .2.7 37 it ET til I

8 04 29 *2.7 54 St ET tot t

tot 29 62.7 16 CT tti 2
.

192 Of '42.7 37 Ei tit 3
.

4C3 29 s2.7 SS ET tte i
.

104 29 #2.7 SS ET 144 3
.

105 29 #2.7 10 ET 114 4
.

106 O.f.
d2.7 42 ET tie 2.

.
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TABLE 0-2

SHEET 3 of 3

CtN#ELAf ttfG F RECENT 8880-tear.t. FROft
IETS & Asse C - To f6E COIEWRII0se CL9tyE

FM tME AK39C14TED Mes3E Asst.LE!

ODK PK%8E TW4 The itsC KTS TEXT

tot 39 69.3 '(9 ET tio 2.

sto 36 4*.4 79 ET 194 3.

stl 30 os 79 ET 889 4.

St2 34 C .17 El sti 2.

-et3 11 47.4 74 ET til 4.

144 22 72.6 79 ET 180 2.

145 32 72.4 79 Er tie 3.

tte 32 72.6 79 ET 110 4.

997 32 72.6 74 ET 119 3.

lie 32 72.6 61 e) ET t15 t

149 32 72.4 45 ET tl5 2.

825 32 72.6 45 ET 895 3.

I?: 32 72.A 45 45 ET t.5 4
122 33 75.9 74 ET 111 2.

123 33 75.9 58 ET 111 3.

824 3.4 T5 . 9 58 ET tti 4.

1 25 33 75.9 45 ET 185 3.

124 33 F5.9 78 CT tie t.

127 33 75.9 78 E T 19 6 2.

*23 34 79.2 79 ET 183 1.

129 34 79.2 74 ET til i.

13e 34 79.2 74 ET 181 3.

139 34 79. 2 74 Er til 4.

432 34 T9. 2 79 Er it4 1.

t33 34 7*.2 79 79 ET tte 3
434 34 79.2 65 ET 6t5 2.

535 34 79.2 78 78 ET Ile 3
136 to 79.2 73 ET 164 4.

137 15 02.5 74 ET 163 4.

1 38 35 82.5 7v ET 184 2.

139 35 32.5 79 ET'194 4.

1 *e 35 92.5 78 ET tia 1.

14. JS I?.5 78 EF tte 2.

t4? 35 32.5 78 ET tis 4.

143 14 95.8 74 Et 193 1.

144 *4 85.8 74 ET 183 4. .

145 56 35.A 79 FT 894 t.

4 46 34 85.8 79 ET 104 2.

147 16 85.8 79 ET 194 4.

4 64 37 99.4 74 FT tli 2
649 37 99.1 74 Cf 143 9 ..

154 37 39.8 74 ET 19 3 3.

ISt 37 89.1 76 ET 185 t.

15? 37 89.8 76 FT 515 3.

#53 33 92.4 79 E T 19 3 2.

854 14 9 .' . 4 74 E! 185 8.

155 11 92.4 7e 74 CT 995 2
156 11 97.4 74 ET 165 3.

157 *1 92.4 7e 74 ET 185 4

tSa '- 95.7 74 ET til.

159 99.8 74 ET t t 3 9.

99.8 74 El 183 21 64 .- .

0 18 Il36Y ca
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TABLE 0-3

SHEET 2 of 3

Tabut2.;fl4 7ter DELTA WAUCK

fle6YE FMt twt lut MLf8 7 tic MLTC

24 !s 44.2 ee $.2 . .

24 .' 4 4 * . .' 4e e.2 . .

74 Le to.2 41 5.2 . .

24 ?4 44 .0 41 !.? . .

*24 *4 4 .: di S . O. . .

24 4 4e.2 31 9.2. .

24 24 4e '' 40 6.2. . .

24 ;4 44.2 44 6.2. .

25 25 4*.* 42 -82.5 . .

2* 25 4".S 40 v.5. .

.5 ?5 4 9 . '. . . 44 v.5
., ?* * ?. 9 62 -9.2 . .**

.

.'e *2.A =2 -*.2 . .

'o '. 12.8 56 4.8 . .

'*..C af -9.2% .i . .

26 2A * ?.8 .2 - 9 . .'. .

26 le 52.4 e2 -*.2.

26 2e 52.s 62 *2. . .

n e2 -T.2.4 24 ',s: . .

'0.1 e2 *i.9?? 77 .

?? ?? Sn.' 3? 19.1 . .

**? '' '. e . t St .8 . .

:/ 27 ? o .1 e2 -5.* . .

27 *1 'c.t 3? 99.1.

77 27 54.8 . e2 -5.9

27 77 'd.' 42 5.Y. .

?? .7 to.t 92 -4.9. .

?W OS !*.4 '. t F.4 . .

''S 29 ?* 4 54 S.4 . .

" 74 * *s . 4 *e 1.4 . .

29 28 "9.4 58 i 4 .

*

.? ?? !?.s e? .s . .

!b TT 59.4 62 -2.. . .

** in **.* 5:t 4*
.

*ta *d 9' 4 S8 5.4. .

?. t 4 ?. 7 37 25.7 . .

79 ?* 5..7 59 st.7 . .

"W *? e.' . 7 !w 4.* . .

w '.". 9 ?9 6J.7 42 . .

"1 19.'*
?* ** e.. . .

Je ** e'.7 50 it.7. . .

.' r 29 .62.1 17 2*.7.

** .* e2.7 53 4.7. .

SS 4.7;5 4 42.7 .

28.0
.

.i t 30 e4.0 3 .* . .

/t 26 ev.3 79 -7.7 . .

** 11 4*.3 79 -9.1 . .

29 *t 69 . .' 7+ -9.7 . .

2t 'M c5.4 ?? *.7 . .

3e to a'. 1 31 3?.3 . .

Je .t . a*. 74 -4.7*
. .

: *2 'd.s I5 7.6 . .

32 JT 7*.6 6% 7.6 . .

37 *? 72.6 ?? 4.4. .

5' 3,2 ?. . e 79 -4. ,4. .
---- .7,. , ,

0-20 1136r as
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TABLE 0-3

SHEET I of 3
.

T&btA.F.;.46 TW. K LTA was.uts
.

SN.M F emM T hit Inst MLib T w' MLTC

to ts %. 3 20 -14.7 . .

It it .3 29 - st .7*
. .

12 12 S.6 2e -53.4 . .

el 12 4.e 28 -13.4 . .

92 12 a.6 20 -93.4 . .

12 12 e& 20 *2.4. .

2e -13.412 82 e.e .

'I *1 8.9 22 -12.t. .

'J ee s. * 2w -4.9. .

14 14 93.2 J2 -0.R. .

: 's - te.5 . -4.4' ** . .

?% +5 t<.5 22 +5.5 . .

'5 ' 's e :. . *i . . 22 ': . 5
*s * * . l..a 2* -0 * . .

to to e'... J .~.2 .

-2.2to to s .3 22. .

18 SR =.4 14 -*.6 .

te '4 2f . 4 14 ~ ~f . e.
.

td SS 26.4 36 -9.e . .

SW id Or.4 34 -9.6. .

44 *0 23.4 34 -9.4. .

49 49 2?. T 34 e.2 . .

19 19 24.1 16 ==.1 .

19 45 J *. 7 36 -s.3.

t* to 2' .* *4 -4.3.

' 8. 7 17 -d,3
19 59 J
20 ra 11. 3 14 -1.0 . .

20 4 2.. D 34 -3.0 .

20 23 J!.) *4 -5.4 . .

?S 20 ;~.3 _d -!.0 . .

*d 21 31. r 38 -4 0 .
*

7 :, " . ' . 7*. as .0
.

' . t*24 Op 11.9 !a -
. .

21 20 75 . 3 20 '.=.

20 2e 31.9 38 2.0.

20 Jt 3< .1 3e 3 . .

J. 2t 36.5 jn .7 .

-;.?
*

.

25 2n 33.4 39

26 ~t la. 4 39 -2.7.

*1 21 ..1 34 f.1*
. .

1 2: 26 3s.3 46 -4./.

.

21 21 J ,.1 30 -6.'. .

. . 38 -4.7
21 ** t t s.1
22 ?? .t' 6 39 v.e . .

. . 34 J.a22 22 .16.6
4

/? 22 Ir.a 41 l.4
. .

22 "J 2 39.4 48 -1.4
. .

2.* 22 .' # . 3 *t -l.4
. .

|1 at 42.9 39 *9 ..

21 2* 4*.7 44 1.9 . .
.

23 29 a2.e 17 *; . 9
. .

23 21 42.9 J7 2.Y
. .

24 24 et.2 19 7.2 .

?4 J4 4. 2 .9 7.{
*

.

:
;

0-19 it3c' :a
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TABLE 0-3

SHEET 3 of 3 .

T!JasL4f tsfG *HE Mt.f4 V4LLE3
.

% et F Mart PJl TuS ML T 6 fest KLTC

32 12 72.6 74 -l.4
. .

37 32 72.e 65 7.6
. .

52 42 72.6 45 7.4. .

32 32 72.6 45 7.4. .

32 32 72.4 is 7.6. .

3'3 33 75.9 74 f.9 . .

11 33 F5 . 9 45 48.9 .

33 33 75.9 51 24.9. .

33 33 75 .9 51 24.9. .

3A 31 P'. . v 78 -2.5. .

33 33 79.9 78 -2.1. .

34 34 **.2 74 ' . . . ' . .

34 14 7'* 2 74 5.2 .

34 7' 71. * 78 .2*
. .

34 34 7* . 2 79 0.2 . .

34 14 ?*.2 ?9 .* . 2
*

.. .

14 34 79.2 45 14.2 . .

34 34 7v.2 FP t.2 . .

14 34 79.2 79 S.2
. .

34 34 59.2 79 S.2. .

34 34 79.2 TS f.2. .

34 34 TY . 2 78 4.2
. .

35 25 9?.5 79 3.5 . .

15 3% e2.5 '9 3.5 . .

35 35 22.1 79 4.5 .

35 15 W?.5 78 4.5 . .

15 15 42.5 75 4.5 . .

35 35 32.5 74 C.5
. .

3e 3. 25.0 74 19.3 . .

34 36 P5.8 74 tt.F
. .

16 3e SM.S 29 4.8
. .

1. 36 GS.d 79 4.9
. .

16 1A o' . 8 79 6.8
. .

1? 37 96.4 4 15.1 . .

17 37 88.9 ?S 13.1 . .

37 37 89.4 74 65.1
. .

37 17 87.9 74 l ', . t
. .

17 37 4*.1 74 63.t. .

34 3P 92'.4 74 48.4 . .

18 33 92.4 74 to.4 . .

38 38 92.4 74 66.4 . .

38 38 92.4 ?& 14.4 . .

f 38 38 92.4 'a 14.*..

74 fe.435 38 .f?.4 .

38 30 92.4 76 86.4
. .

19 3' ".? 74 28.7. .

4a 40 99.0 74 25.0 . .

44 40 *9.0 74 25.8. .

.
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Stat stical Evaluatteni
Metalluratcal Versus Eddy Current Evaminatien.

!'
.

Included in this appendix are the statistical results for the comcarlson of

the actual depths of IGSAC as determined by metallogracny, to the ecdy
This statisticalcurrent assigned depths as determined by phase analysis.

evaluation, which includes a total of eighteen (18) data points is intended

to confirm the accuracy of the GPUN inner diameter converston curve 'cr

sizing inner diameter initiated IGSAC.

The 18 data points are evaluated in 2 data sets identified as "R" anc ''I*.

Data set "R" includes all the cata coints centained in AppendIn C.

Data set "I" is a subset of "R" which contains the samples
Figure C-1.

~hiswhich were reported by metallogracny to be 20% to 70% through wall.

subset represents the greatest area of interest for dispositioning tne CTS ~

tsces.

.

The analysis was performed to quantify tne difference cetween t~e act.at
and the ecdy current assi;ne:percent tnrougn wall values (Actual Cecth)

percent througn wall values (ECt Death). The analysts was cerformed us'a;

the values snown in tables E-1 and E-2 for cata sets
"q" and "I"

*

.respectively. .

The analyst s incluces a determination cf t"e 'Mean' difference anc t9e

these values are summarized ceicw along witn astandard deviation
3 f: E:u

comparison of the sate saiues .nten were est actec fecm accendis

notches.

: :- :s~'
-
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C:meartson of Statistics for
20-1001 Through hall Otscontinuittes

Actual IG5aC Samoles
~

ECM Notches Data Set REntracted from App. 0

Data No. Mean One No. Mean One

Set- * DPTS Otfference Standard OPTS Olfference Standard
(Percent) Olviation (Percent) Olviation

Delt 8 80 2.4 10.13
I.8 10.010 18 + 1.67 8.31

Delt C 80 +

Comcartson of Statistics for
20-70% Through Wall Olscontinuities

Actual IGSAC SamolesECM Notenes Data Set IEntracted from Acp. 0

Cata No. Mean One No. Mean Cne

Set OPTS Otfference Standard DPTS Olfference Stancara
(Percent) Diviatten (Percent) Olviation

Celt S 48 . 2.76 9.74

Celt C 48 . l.59 9.34 5 7.83 11.89

A positive mean indicates the Eddy Current overcalls tre actual
A negative mean would incteate an undercall by Edcy Co

rreet.Note:
deotn.

The result of this comparisen demonstrate the GPUN I.D. c nvePsion Overti 's
'

The ccmoartson fsr:eer
the depth of both ECM notenes and actual IGSAC.

9 aa''
demonstrates additional conservatt;,is incluced for the 20-70'. thr:w

:1:3
region as is indicated by a 7.8% mean overcall for the 6 data coI9ts '-

set "I".

: ; :)
i.:

_ _ _ . _ _ ~ . . . . _ _ . . _ _ _ . _ - . - . _ - - _ _ - _ . .
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Figure E-1

Comparison of Metallur.jical Results -

To the rodv current P-edicted
Data Set R

Includes All Data Points
From figure C-1,

,

SAMPLE ACTUAL . ECT

OSS 10 LOCATION DEPTH OEPTH OIFF.

|
I Samele 23 4.0 38% 41% 3*.

2 Samole 24 4.8 54% 51% - 3?.

3 A-Il2-7 10.7 66% 68% 2*.

!
4 A-146-8 4.0 70% 82% + 12~.,

5 A-24-94 12.8 70% 100% 3 0".

6 A-24-94 34.0 100% 100% 0'.

7 A-133-74 32.0 100% 90% 10'.

t 8 A-133-74 33.0 100% 100% 0~.:

9 A 11-66 11.6 100% 100% 0".

i 10 A-146-6 3.5 100 100% C".;

! 11 A-13-63 26.8 1 00% 100% 0%

; 12 A 10-29 7.6 100% 931 - 7 *.

i 13 A 111-13 f.2 20% 23% + 3*.

!
14 A-112-05 1.4 100*. 100% 0'

]
15 A 112-05 2.4 100% 100?. 0"

16 A 112-05 2.9 100". 100% C'

.

17 A 112-05 4.1 100'. 100* O'.
'

la A-112-05 5.8 1207. 100% 0".
'

j

| .([0lf*i . 1.67 n no, of ecservations
| Mean of Offf mean n
! Offference

Sample . fL0ifft - Otffmean 3,31Stancard 3 "-3
Deviation of
Sample

.

|

!
t

|'

!
!
i
i

|
.

E-3 2'3' 23

.. . . .

. ..
. _ _ _ _ _ _ _ _ .
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t

Figure E-2 j
iComparison of Metallurgical Results,

f_

i

To *Me Fddv Ftirrent Prodle'so !
iData Set I

Includes Data Points With Metallurgical !

Depths GE 20% and LE 70%
'

SAMPLE ACTUAL ECT' ;

08S ID LOCATION DEPTH DEPTH OIFF.
'

) i

' I Sample 23 4.0 38% 41% - 3%

| 2 Sample 24 4.8 54% 51% - 3%,

! 3 A-112-7 10.7 66% 68% + 2% ,

'

! 4 A-146-8 4.0 70% 82% + 12*.

! 5 A-24-94 12.3 70% 100% 30% (

! 6 A-ll 1 1.3 1.2 20% 23% 3%
i

| I
.

. a[0iffi 41 . +7.83 n - no. of ceservations !
Mean of Otffmean n 6

|

!

Otfference
__

;

|

| Standard e 53,gi, 1E0t ffi - Otffmean . 11.89
"-I

l Deviation of
,

|

I~ Sample

|
t

;. .

i

I
|
,

i

'
.

t

|

1

|

,

'I'l' !a tE.J
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