
August 24, 2001
Mr. Mark E. Warner
Vice President - TMI Unit 1
AmerGen Energy Company, LLC
P.O. Box 480 
Middletown, PA  17057  

SUBJECT: ASSESSMENT OF THE THREE MILE ISLAND NUCLEAR STATION, UNIT 1
(TMI-1) ONCE-THROUGH STEAM GENERATOR KINETIC EXPANSION
INSPECTION AND REPAIR CRITERIA (TAC NO. M99388)

Dear Mr. Warner:

During the 11R refueling outage at TMI-1, Nuclear Regulatory Commission (NRC) inspectors
identified that the steam generator tube inspection practices of GPU Nuclear Corporation, the
licensee, name later changed to GPU Nuclear, Inc. (GPUN), were atypical from general  
industry approaches.  Specifically, GPUN was applying a voltage-based repair criteria to
disposition indications of intergranular attack (IGA) from the inside diameter of the tubing.  In
addition, GPUN did not appear to have a program in place to ensure the continued structural or
leakage integrity of upper tubesheet kinetic expansion joints containing IGA indications.  The
NRC staff and GPUN representatives held meetings on November 26, 1996, and July 25,1997,
to discuss GPUN inspection practices with regard to criteria established to address the IGA
degradation.  During the meeting held on July 25, 1997, GPUN representatives agreed to
provide the NRC staff the technical basis for inspection and repair criteria that were to be 
applied to indications in the upper tubesheet kinetic expansion joints in the 12R outage for 
TMI-1.  The NRC staff received the GPUN structural assessment of degraded tubesheet
expansions on August 8, 1997, in accordance with the NRC staff�s request.  The leakage
integrity assessment was provided to the NRC staff following the 12R outage on November 26,
1997.

The NRC staff has conducted a review of the repair criteria applied in the 12R outage including
an in-depth assessment of the regulatory requirements applicable to the degradation in the
upper tubesheet region.  In a letter from the NRC to GPUN, dated June 17, 1999, the NRC staff
explained that they had determined that the repair criteria implemented by GPUN required
regulatory approval.  In a letter dated July 30, 1999, which also provided additional information 
responding to NRC staff questions, GPUN stated that they disagreed with this conclusion.  The
NRC staff has reassessed the regulatory requirements and reached a final determination as
specified in the �Summary of Nuclear Regulatory Commission�s Position,� Enclosure 1, that the
repair criteria implemented by GPUN require regulatory approval.  As a result of the sale and
license transfer of TMI-1 to AmerGen Energy Company, LLC (AmerGen), on December 20,
1999, and as documented by letter from AmerGen to the NRC on January 26, 2000, AmerGen
engrosses all issues and requests that were pending with the NRC at the time of the TMI-1
license transfer.

The NRC staff has reviewed the licensee�s inspection acceptance criteria (structural and
leakage) and the leakage assessment methodology and cannot approve the kinetic expansion 



repair criteria at this time.  Additional technical justification must be provided.  In addition, there 
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are inconsistencies within the submitted documents which result in unclear acceptance criteria
and related technical bases.  We request that you modify the supporting documents
accordingly.  The kinetic expansion inspection acceptance criteria and leakage assessment
methodology should be resubmitted at that time for NRC staff review and approval.

Open issues that require resolution are clearly identified in the safety assessment, Enclosure 2. 
Upon receipt and review of this assessment, we request that you contact the NRC staff within 
30 days to provide your proposed schedule for resubmitting the kinetic expansion inspection 
and repair criteria for approval.  In addition, we recommend that you plan to have this review
completed prior to submitting the technical specification change package associated with the
ongoing NRC/industry steam generator efforts, so that this alternate repair criteria can be
implemented in the associated technical specification change request at that time.  This will be
necessary since the proposed definition of tubing in the NEI 97-06 regulatory change package
includes the tubing inside the tube sheet.

The staff would like to bring to your attention the poor quality of the submitted documents in
that they failed to address certain issues as well as contained inconsistencies and a lack of      
clarity.  While the NRC staff acknowledges that the documents were initially provided for
information rather than as a request for regulatory approval, we ask that you ensure that all
unresolved issues are addressed, and that the proposed inspection acceptance criteria are
clear and unambiguous and technically well-supported before resubmitting the inspection
acceptance criteria and leakage assessment methodology for approval.  It should be noted that
although the NRC staff expects to gain a better understanding of the technical basis for the
inspection acceptance criteria when we receive your resubmittal, additional questions may arise
as part of the staff�s review of the resubmittal.

If you have any questions related to the enclosed safety assessment or �Summary of Nuclear
Regulatory Commission�s Position,� please contact me at (301) 415-1402.

Sincerely,

/RA/

Timothy G. Colburn, Senior Project Manager, Section 1 
Project Directorate I
Division of Licensing Project Management 
Office of Nuclear Reactor Regulation

Docket No. 50-289

Enclosures:  1.  Summary of NRC�s Position
         2.  Safety Assessment

cc w/encls:   See next page



M. Warner -2-

are inconsistencies within the submitted documents which result in unclear acceptance criteria
and related technical bases.  We request that you modify the supporting documents accordingly. 
The kinetic expansion inspection acceptance criteria and leakage assessment methodology
should be resubmitted at that time for NRC staff review and approval.

Open issues that require resolution are clearly identified in the safety assessment, Enclosure 2. 
Upon receipt and review of this assessment, we request that you contact the NRC staff within 
30 days to provide your proposed schedule for resubmitting the kinetic expansion inspection 
and repair criteria for approval.  In addition, we recommend that you plan to have this review
completed prior to submitting the technical specification change package associated with the
ongoing NRC/industry steam generator efforts, so that this alternate repair criteria can be
implemented in the associated technical specification change request at that time.  This will be
necessary since the proposed definition of tubing in the NEI 97-06 regulatory change package
includes the tubing inside the tube sheet.

The staff would like to bring to your attention the poor quality of the submitted documents in
that they failed to address certain issues as well as contained inconsistencies and a lack of      
clarity.  While the NRC staff acknowledges that the documents were initially provided for
information rather than as a request for regulatory approval, we ask that you ensure that all
unresolved issues are addressed, and that the proposed inspection acceptance criteria are
clear and unambiguous and technically well-supported before resubmitting the inspection
acceptance criteria and leakage assessment methodology for approval.  It should be noted that
although the NRC staff expects to gain a better understanding of the technical basis for the
inspection acceptance criteria when we receive your resubmittal, additional questions may arise
as part of the staff�s review of the resubmittal.

If you have any questions related to the enclosed safety assessment or �Summary of Nuclear
Regulatory Commission�s Position,� please contact me at (301) 415-1402.

Sincerely,

/RA/

Timothy G. Colburn, Senior Project Manager, Section 1 
Project Directorate I
Division of Licensing Project Management 
Office of Nuclear Reactor Regulation

Docket No. 50-289

Enclosures:  1.  Summary of NRC�s Position
         2.  Safety Assessment DISTRIBUTION:

                   PUBLIC ACRS OGC     
cc w/encls:   See next page PDI-1\SC(A) PDI-1RF CKhan   

ESullivan WBateman EAdensam
B. Platchek, RI MO�Brien T. Colburn

Accession Number:  ML012050185 *see previous concurrence
OFFICE PDI-1\PM PDI-2\LA EMCB\SC PDI-1\SC(A)
NAME TColburn MO�Brien* ESullivan* PTam
DATE 8/20/01     8/10/01     8/20/01 8/21/01



OFFICIAL RECORD COPY
SUMMARY OF NUCLEAR REGULATORY COMMISSION�S POSITION

During the 11R refueling outage at TMI-1, Nuclear Regulatory Commission (NRC) inspectors
identified that the steam generator tube inspection practices of GPU Nuclear, Inc., (GPUN)
were atypical from general industry approaches.  Specifically, GPUN was applying a voltage-
based repair criteria to disposition indications of intergranular attack (IGA) initiating from the
inside diameter of the tubing.  In addition, GPUN did not appear to have a program in place to
ensure the continued structural or leakage integrity of upper tubesheet kinetic expansion joints
containing IGA indications.  The NRC and representatives from GPUN held meetings on
November 26, 1996, and July 25, 1997, to discuss GPUN inspection practices with regard to
criteria established to address the IGA degradation.  During the meeting held on July 25, 1997,
GPUN representatives agreed to submit the technical basis for inspection and repair criteria
that were to be applied to indications in the upper tubesheet kinetic expansion joints in the 12R
outage for TMI-1.  The NRC staff received the GPUN structural assessment of degraded
tubesheet expansions on August 8, 1997, in accordance with the staff�s request in the July 25
meeting.  The leakage integrity assessment was obtained subsequent to the TMI-1 refueling
outage on November 26, 1997.

In a letter from the NRC to GPUN, dated June 17, 1999, the NRC staff explained they reviewed
the regulatory requirements applicable to the degradation in the upper tubesheet region and
had determined the repair criteria implemented by GPUN require regulatory approval.  In a 
July 30, 1999, supplement, GPUN responded to this conclusion.  Below is a summary of this
exchange, and the basis for the staff�s final conclusion which is that the repair criteria
implemented by GPUN require regulatory approval.

According to the GPUN August 8, and November 26, 1997, submittals, the steam generator
tube repair criteria included in the surveillance requirements of the TMI-1 technical
specifications (TSs) do not apply to the upper and lower tubesheet regions.  The basis for this
conclusion stems from the requirements in TS 4.19.4.a.8 which indicate that the bounds for
inspections are from the secondary face of each tubesheet.  Therefore, indications of
degradation identified outside of this region do not appear to be subject to the depth-based
repair criteria included in TS 4.19.4.a.6, that is, plug or repair degradation with depths
exceeding 40 percent of the nominal tube wall thickness.

In the June 17, 1999, letter, from the NRC to GPUN, the NRC staff indicated the NRC agrees
with GPUN that the TMI-1 TSs do not appear to apply to degradation within the tubesheet
regions.  However, in the absence of inspection and repair criteria in the surveillance
requirements (SRs), the licensee is required to default to criteria established for the reactor
coolant pressure boundary (i.e., American Society of Mechanical Engineers Boiler and Pressure
Vessel Code [ASME Code]) in accordance with Title 10 of the Code of Federal Regulations 
(10 CFR) Section 50.55a.  IWB-3521.2, �Allowable Flaws for Straight-Tube Steam Generators,�
within Section XI of the ASME Code, currently contains no established acceptance criteria
applicable to the tubes in the TMI-1 or other once-through steam generators.  In the absence of
flaw acceptance criteria, the licensee should develop and submit the basis for the acceptance
criteria applied at TMI-1 in accordance with IWB-3630, �Acceptance Criteria For Steam
Generator Tubing.�

By letter dated July 20, 1999, GPUN indicated the ASME Code states that repair criteria for
straight-tube steam generators are �In the course of preparation� and therefore, the licensee
has the responsibility for development of acceptance criteria.  GPUN stated that these 
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acceptance criteria do not appear to represent alternatives to 10 CFR 50.55a requirements, and
therefore do not require formal NRC approval.

The NRC staff reviewed the regulatory requirements including GPUN�s response.  The NRC
staff notes that IWA 3100(b) of ASME Code, Section XI, states, �If acceptance standards for a
particular component, Examination Category, or examination method are not specified in this
Division, flaws that exceed the acceptance standards for materials and welds specified in the
[ASME Code] Section III edition applicable to the construction of the component shall be
evaluated to determine disposition.  Such disposition shall be subject to review by the
enforcement authority having jurisdiction at the plant site.�  

ASME Code, Section III, NB-2550 contains, in part, requirements regarding examination and
repair of seamless tubular products (e.g., steam generator tubes).  The section that discusses
eddy current examination (NB-2554) states that products with defects that produce indications in
excess of the reference standards are unacceptable.  The reference standards must contain, in
part, reference notches with a depth not greater than the larger of 0.004 inches or 5 percent of
the wall thickness.

A notch the depth of 0.004 inches is approximately 10 percent of the thickness of the TMI-1
steam generator tubes.  Industry experience has shown that steam generator tube flaws are
typically not detectable by eddy current examination until they are significantly deeper than 10
percent through-wall.  In addition, the licensee has not shown that the eddy current technique
used can reliably depth-size these flaws.  Therefore, the licensee must assume that all flaws
identified exceed the ASME Code, Section III standards.

It is stated in 10 CFR 50.55a(b)(2)(iii) that if the TSs include SRs for steam generators different
than those in Article IWB-2000, the inservice inspection program for steam generator tubing is
governed by the requirements in the TSs.  IWB-2000 contains examination requirements as well
as references to acceptance standards.  TMI-1 TSs do contain examination requirements and
acceptance standards for steam generator tubing; however, it is limited to the tubing from the
secondary face of the tubesheet on the hot leg to the secondary face of the tubesheet on the
cold leg.  Therefore, the TSs are silent with respect to the steam generator tubing located in the
tubesheet (which is still considered part of the pressure boundary), and the examination
requirements and acceptance standards for this region revert to the ASME Code requirements.

Therefore, the NRC staff concludes that the repair criteria implemented by GPUN require
regulatory approval.  Any future modifications to the subject acceptance criteria shall be
submitted to the NRC for review and approval prior to implementation.

Enclosure 1
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SAFETY ASSESSMENT BY THE OFFICE OF NUCLEAR REACTOR REGULATION

THREE MILE ISLAND NUCLEAR STATION, UNIT 1

ONCE-TROUGH STEAM GENERATOR TUBE

KINETIC EXPANSION REPAIR CRITERIA

AMERGEN ENERGY COMPANY, LLC

DOCKET NO. 50-289

1.0 INTRODUCTION

By a letter dated August 8, 1997, with supplements dated September 8 and November 26, 1997,
and July 30, August 20, and October 22, 1999, GPU Nuclear Corporation, (the licensee, name
later changed to GPU Nuclear, Inc.) (GPUN) provided to the Nuclear Regulatory Commission
(NRC) the Three Mile Island Nuclear Station, Unit 1 (TMI-1), �Once-Through Steam Generator
(OTSG) Kinetic Expansion Inspection Acceptance Criteria and Leakage Assessment
Methodology.�  As a result of the sale and license transfer of TMI-1 to AmerGen Energy
Company, LLC (AmerGen), on December 20, 1999, and as documented by letter from AmerGen
to the NRC on January 26, 2000, AmerGen engrosses all issues and requests that were pending
with the NRC at the time of the TMI-1 license transfer.  The above document defines the flaw
acceptance criteria for indications identified in the kinetic expansion region of the upper tubesheet
of the TMI-1 OTSGs.  In addition, it describes the methodology to be used for leakage
assessment. 

2.0 BACKGROUND

Inside diameter intergranular attack (IGA) was identified in the early 1980's in the upper end of
the tubes at TMI-1.  The licensee determined that the degradation was due to a chemistry
excursion.  The damaged tubes were repaired in 1982-1985 by forming a new tube-to-tubesheet
joint within the upper tubesheet using a kinetic expansion process.  The kinetic expansions were
periodically inspected during refueling outages.  During the 11R refueling outage at TMI-1, NRC
inspectors identified that the steam generator tube inspection practices of GPUN were atypical
from general industry approaches.  Specifically, GPUN was applying a voltage-based repair
criteria to disposition indications of IGA initiating from the inside diameter of the tubing.  In
addition, GPUN did not appear to have a program in place to ensure the continued structural or
leakage integrity of upper tubesheet kinetic expansion joints containing IGA indications.  (This
does not conflict with the TMI-1 Technical Specification (TS) steam generator tube repair limit,
because the TSs state that the bounds for inspections are from the secondary face of each
tubesheet.)  However, in accordance with ASME Code, Section XI, review and approval of the 
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licensee�s evaluation and disposition of flaws in this region are within the jurisdiction of the NRC. 
The NRC staff and representatives from GPUN held meetings on November 26, 1996, and 
July 25, 1997, to discuss GPUN inspection practices with regard to criteria established to address
the IGA degradation.  During the meeting held on July 25, 1997, GPUN representatives agreed to
submit the technical basis for inspection and repair criteria that were to be applied to indications
in the upper tubesheet kinetic expansion joints in the 12R outage for TMI-1.  The NRC staff
received the GPUN structural assessment of degraded tubesheet expansions on August 8, 1997,
in accordance with the NRC staff�s request in the July 25th meeting.  The leakage integrity
assessment was obtained subsequent to the TMI-1 12R outage on November 26, 1997.

The NRC staff issued a request for additional information (RAI) dated June 17, 1999, and the
licensee responded to the RAI in a letter dated July 30, 1999.  The NRC staff has reviewed the
proposed inspection acceptance criteria and the leakage assessment methodology and has
identified several issues that need to be resolved prior to completion of the review.  The following
assessment documents the NRC staff�s review and identifies the additional technical justification
and inconsistencies in the submittals that must be addressed for the NRC staff to complete its
review.

3.0 LICENSEE�S PROPOSAL AND NRC STAFF�S EVALUATION

3.1 Structural Integrity

3.1.1 Licensee�s Proposal

The licensee developed inspection criteria for use during the non-destructive examination (NDE)
inspection of the steam generator tubes within the kinetically expanded region.  MPR Associates,
Inc.�s, report, MPR-1820, Revision 1, �Three Mile Island Nuclear Generating Station OTSG
Kinetic Expansion Inspection Criteria Analysis,� dated September 1997, documents the
evaluation performed to develop proposed tube inspection acceptance criteria for the upper
tubesheet kinetic expansion region.  The evaluation methodology and proposed inspection and
acceptance criteria are summarized below.

The design-basis performance requirements for the kinetically repaired tubes are that, as a result
of a main steamline break (MSLB), no OTSG tube shall break within the kinetically expanded
region or separate from the tubesheet.  The licensee applied these performance requirements by
assuring the tube is not permitted to slip with respect to the tubesheet, and that an OTSG tube is
not permitted to part within the kinetically expanded joint.  The repaired tube is expected to
sustain a design-basis axial load of 3140 lbs, with no slippage.  For axial flaw acceptance criteria,
a finite element analysis model of the kinetically expanded tube-to-tubesheet joint was developed. 
Test results from the original kinetic expansion qualification program were used as the basis for
benchmarking the finite element analysis model results.  The licensee utilized existing hand-
calculation model results from the original qualification of the kinetic joints to determine the
allowable extent of circumferential defects in the kinetic-expansion region.

Analyses were performed with the finite element model to confirm that the model can capture the
following key effects for the joint:

� Residual contact pressure due to kinetic expansion.
� Influence of the �edge� of the expansion in locally reducing contact pressure.
� Reduction of contact pressure from Poisson contraction due to the axial tube load.
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� Tightening due to applied pressure.
� Tightening due to differential thermal expansion between the tube and tubesheet.
� Change in contact pressure due to tubesheet bowing.

Inspection and acceptance criteria were developed for OTSG tubes at the center, mid-radius and
peripheral tube bundle locations.  The inspection and acceptance criteria were also affected by
the lengths of the kinetic expansions (i.e., the kinetic expansions installed were either 17 inches
or 22 inches in length from the hot leg tube end).  The inspection and acceptance criteria vary
depending on both the location of the tube within the tube bundle as well as the length of the
kinetic expansion.  This is due to the effects of tubesheet bow.  Tubesheet bow is caused by tube
axial loads and primary-to-secondary pressure differential during an MSLB which opens the
tubesheet holes below the tubesheet center plane and closes them above.  This effect is greatest
for a center tube where bowing is maximum.  There is no effect for a peripheral tube.  As a result
of the tubesheet bowing inward, the applied axial tube load on the tubing is reduced, with the
minimum occurring at the center.  However, as another result of the tubesheet bow, the contact
pressure of the tube-to-tubesheet joint is reduced due to enlargement of the tubesheet hole in the
area of the joint.  The licensee believes that the effect of tubesheet bow was not evaluated during
the original kinetic expansion qualification program, but it is accounted for in this submittal.

The licensee states that the kinetic expansion inspection criteria identify the minimum required
defect-free kinetically expanded tube that must be present within the inspected distance (for axial
flaws) as well as the largest acceptable flaw, or combination of flaws, allowable within the
inspected distance (for circumferential flaws).  Typically, the inspected distance is the bottom 
6 inches of the kinetic expansion.  However, there are two exceptions:

1) The inspection may continue above the nominal qualification length, if necessary, in order
to demonstrate the presence of a satisfactory joint since the tubes were kinetically
expanded over the entire length of the tubesheet above the original 6-inch qualification
length.

2) The 6-inch inspected distance for center and mid-radius tubes with a 22-inch expansion is
the expanded region from 11 inches to 17 inches (not the bottom 6 inches).  This is due to
the tubesheet bow effect discussed above.

In the cases where the inspected distance is the bottom 6 inches, the structurally required
distance is composed of 5.5 inches of fully expanded tubing and the expansion transition region
which is 0.5 inches.

3.1.2 NRC Staff�s Assessment

The NRC staff has reviewed the licensee�s structural integrity assessment.  In order for the NRC
staff to complete its review, one issue identified by industry as potentially generic, �Misapplication
of the Leak-Before-Break Approach to the Design of Steam Generator Repairs,� must be
addressed by the licensee.  The licensee should ascertain whether the issue affects the design
and inspection and acceptance criteria of the kinetic expansion.  Below, the NRC staff has
identified several related questions that should be addressed.  In addition to the leak-before-
break issue, the NRC staff has identified several inconsistencies in the submitted documents
related to the structural integrity assessment.  These inconsistencies lead to confusing inspection
and acceptance criteria that are not easily understood.  The NRC staff suggests the supporting
documents be revised in order to provide clear and unambiguous criteria.  The NRC staff has
identified several examples of these inconsistencies below.
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Misapplication of the Leak-Before-Break Approach to the Design of Steam Generator Repairs

On December 12, 1985, the NRC staff issued a safety evaluation which approved a Babcock and
Wilcox (B&W) topical report, BAW-1847, �Leak-Before-Break Evaluation of Margins Against Full
Break for RCS [reactor coolant system] Primary Piping of B&W Designed NSS,� Revision 1,
September 1985, which addresses leak-before-break (LBB)  approval for all B&W facility main
coolant loops.  This approval did not apply to the removal of thermal loads resulting from the
large break loss-of-coolant accident (LBLOCA) from steam generator tubing or repair designs.  In
March 2000, the NRC staff discovered that at  least one vendor had incorrectly credited main
coolant loop LBB approval when developing steam generator repair designs.

It is not evident from the submitted documents whether main coolant loop LBB approval was
credited at TMI-1 when the design of the kinetic expansion was developed.

1) Explain whether LBB was credited at TMI-1 when the design of the kinetic expansion was
developed.  If so, this is inappropriate.  Explain why the joints are acceptable for operation
given the possibility of an LBLOCA in the candy cane region of the main coolant loop.

2) Recently, the B&W Owners Group submitted a risk-informed analysis to the NRC which
included a topical report BAW-2374, �Risk Informed Assessment of Once-Through Steam
Generator Tube Thermal Loads due to Breaks in Reactor Coolant System Upper Hot Leg
Large Bore Piping,� dated March 2001, supporting, in part, the LBLOCA aspect of the
licensing basis for steam generator tube loading in B&W plants.  Is TMI-1 covered by this
topical report, especially for the kinetic expansion joints?  Is the licensee planning to submit a
risk-informed amendment request to revise TMI-1's licensing basis, referencing this topical
report?

3) Describe the analyses that have been performed to demonstrate that the kinetic expansion
joints and the potential defects identified and left in service in this region are acceptable for
the range of design basis accidents (including LOCA and MSLB).

4) Notwithstanding the above discussion, has the potential for thermal loads during the bounding 
LBLOCA been considered when evaluating the potential defects identified and left in-service
in this region?

Examples of Inconsistencies

� The licensee initially states that the kinetic expansion inspection criteria identify the minimum
required �defect-free� kinetically expanded tube that must be present within the inspected
distance for axial flaws.  However, Table 3-5 in MPR-1820, Revision 1, which contains a
comprehensive summary of the inspection acceptance criteria, identifies the inspection
acceptance criteria for the OTSG kinetic expansion region in terms of �allowable defect
length.�  These two criteria are utilized in discussions throughout the documents.  During
discussions with the NRC staff, the licensee has stated that the criteria do not conflict and are
simply two different ways of expressing the same concept.  The licensee also indicated that
the �defect-free� concept is that which is used in the field.  The NRC staff believes that without
adequate explanation, this issue leads to confusion.  In addition, when this issue is combined
with the other inconsistencies identified below, the intended inspection and acceptance
criteria are even less clear. 
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� The licensee states that the structural criteria are based on 6 inches of the kinetic expansion. 
This would imply that inspection data is routinely collected and assessed on 6 inches of the
kinetic expansion.  However, the licensee has verbally stated that the actual field practice is to 

only inspect/assess the minimum distance necessary to identify adequate �defect-free� tubing. 
This is not clearly documented.

� Footnote (4) to Table 3-5, in MPR-1820, Revision 1, states that the inspection acceptance
criteria are only applicable for the fully-expanded region from 0.5 inch to 6 inches above the
bottom of the kinetic expansion joint.  The staff identified two issues with this statement:

A) The table identifies �allowable defect length.�  Is the allowable defect length within the 
6-inch distance or within the 5.5-inch distance.  For example, the allowable defect length
for an axial flaw in a tube in the periphery is 4.4 inches.  Therefore, when applied in the
field, is the �defect free� length 1.6 inches or 1.1 inches?

     B) Do the criteria apply to the entire 6 inches if the inspection region does not include the
expansion transition region (e.g., 22-inch kinetic expansion located in the mid-radius or
center of the bundle)?

� Based on several references in documented material, it is not clear if the inspection criteria
apply to the 6 inches beginning at the bottom of the expansion transition region, or from the
point beginning at which the tube is fully expanded.  The licensee verbally stated that the
structural criteria were developed with the 6 inches beginning at the bottom of the expansion
transition region.  However, in the field they conservatively measure the 6 inches beginning at
the fully expanded region.  The docketed information alludes to two different inspection areas;
however, this distinction is not clearly identified.

� A statement is made in the August 8, 1997, submittal that requires clarification.  On page 7 of
13, in Attachment 1, the licensee states: �The 6" qualification length of the 22" expansion at
center and mid-radius locations does not contribute to slip resistance under postulated MSLB
conditions due to the tubesheet bowing.  Possible indications in the 6" qualification length of
the 22" expansions in these locations will be dispositioned using more stringent free span
criteria, since this length of expanded tubing loses contact with the tubesheet as a result of
postulated tubesheet bow.�  This statement requires clarification because other docketed
material implies that the bottom 5 inches of the 22-inch kinetic expansion does not contribute
to slip resistance, not the bottom 6 inches as implied above.

� The licensee submitted a document, dated October 22, 1999, which corrected an error they
identified in their July 30, 1999, submittal.  The licensee stated that the July 30, 1999,
submittal incorrectly noted an additional conservatism associated with the structural flaw
acceptance criteria.  The paragraph that was deleted read as follows: �Also, the practical
implementation of the inspection acceptance criteria introduced another conservatism.  The
acceptance criteria were applied from the point of full expansion at the bottom of the
expansion and above.  The analytical model representation of the six-inch kinetically
expanded region included the transition where it was less than fully expanded.  The load
carrying capacity given by the analytical model was based on a reduction to the six-inch
qualification length equal to the length of the transition region (about 0.5").  The analysis
model results depend on about 0.5" less than the full qualification length as contributing to the
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pull-out capacity due to the presence of this transition.  Therefore, the implementation of the
acceptance criteria required approximately 0.5" more defect free expanded tube length than
was required analytically.�  This paragraph agreed with the NRC staff�s understanding (based
on verbal discussions with the licensee) of the analytical requirements versus implementation
practices.  Therefore, the reasoning behind the deletion of this paragraph is not understood.

� In the context of the preceding issues, the licensee needs to specify what actions would be
taken if insufficient defect-free tubing is identified in the full qualification length.  For example,
would the inspection for sufficient defect-free tubing be allowed to continue higher in the
tubesheet?  The NRC staff requests that the licensee provide the technical basis for
continued inspection or for other actions that would be taken.

3.2 Flaw Growth Rate

3.2.1 Licensee�s Proposal

The licensee stated that following each inspection, it is only necessary to evaluate the impact of
as-sized defects that are found in the kinetic expansion without considering safety factors for
growth during the next operating cycle, and that the structural integrity and leakage assessment
methodologies assume no flaw growth.  This assumption was based on several factors.

� No defect growth has been observed over the course of a few operating cycles for about a
dozen kinetic expansion defects that have been reviewed with the same eddy current testing
(ECT) technology.  The finding of no defect growth is the same finding as that for the larger
degraded tube sample population as described in the refueling outage ECT results reported
as required in the TSs.

� The kinetic expansion joints, under normal operation, have compressive residual stresses in
both axial and circumferential directions.  Mitigation of stress corrosion cracking, both for new
damage and propagation of existing damage, is accomplished by maintaining these
compressive residual stresses within the kinetically expanded regions.

� The analytical structural integrity model assumes that all defects are 100-percent through-
wall, and the circumferential defects are assumed to result in a full relaxation of the tube-to-
tubesheet contact pressure over 360 degrees of the tube circumference.

3.2.2 NRC Staff� Assessment

Minimal details were provided by the licensee regarding their no-growth-rate assumption.  The
licensee should provide additional details regarding the basis for concluding that no defect growth
has been observed and the statistical methods and criteria used to verify this assumption.  The
NRC staff�s concerns regarding the reliability of the ECT technique for length and depth sizing
(see Section 3.4) should be considered when responding to this issue.  In addition, the NRC staff
believes it is necessary that the licensee continue to monitor the no-growth-rate assumption
supporting data each cycle to ensure that this assumption continues to remain valid.  The
licensee should summarize their plans in this regard.
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3.3 Leakage Assessment Methodology

3.3.1 Licensee�s Proposal

3.3.1.1 Overview of Methodology

The licensee developed a methodology to evaluate the total primary-to-secondary leakage that
may occur in the event of a postulated MSLB as a result of flaws in the kinetic expansion region
of the OTSG tubes.  The leakage limits were determined based on assessing the maximum
leakage that would meet the offsite dose criteria of 10 percent of the Title 10 of the Code of
Federal Regulations (10 CFR), Part 100 limits for the 2-hour Exclusion Area Boundary and 
30-day Low Population Zone.  The dose consequences, and hence the total allowable leakage,
were approved by the NRC on October 2, 1997, in Amendment No. 204 to the TMI-1 operating
license, and the results are as follows:

1) Integrated Primary Coolant Leakage @ 2 hours = 3228 gallons
2) Total Integrated Primary Coolant Leakage = 9960 gallons

The licensee developed a method for calculating the theoretical crack opening area which is
evaluated separately for circumferential and axial components of cracks.  The crack opening area
varies with the applied load and crack length.  The licensee also developed a method to
determine the theoretical leakage flow as a function of the crack area.  The total mass released
from the crack is obtained by integrating the leakage flow over the first 2 hours and over the
entire transient interval.  The integrated leakage flow for each of the cracks assessed is summed
based on crack size and radial position.  The total is compared against the limits specified above. 
If the total leakage exceeds these limits, the licensee would begin repairing tubes such that the
leakage contribution from the repaired tubes can be eliminated from the total leakage.

The crack area determination is based upon the methodology provided in NUREG/CR3464, �The
Application of Fracture Proof Design Methods Using Tearing Instability Theory to Nuclear Piping
Postulating Circumferential Through-wall Cracks,� September 1983, and establishes a method for
calculating the crack opening area for through-wall cracks in tubes.  Primary-to-secondary
leakage is calculated using potential crack orientations in combination with a specific applied
load.  These are:

1) circumferential through-wall cracks in tension
2) axial through-wall cracks subjected to internal pressure

The leakage flow for a given crack opening area is determined by the PICEP (Pipe Crack
Evaluation Program) computer code developed by the Electric Power Research Institute  (EPRI). 
The licensee stated that the code was validated with experimental data.  The crack area, as a
function of time for a given crack length and orientation, is provided from the analysis described
above.  The PICEP code utilizes a crack area, the reactor coolant system (RCS) pressure, RCS
temperature and OTSG pressure at a single point in time and calculates a leakage rate for that
specific time.  In order to develop a leakage rate as a function of time, the code has to be run
numerous times throughout the transient duration.  The result is a leakage rate as a function of
time which can be integrated to provide total leakage.  This process must be repeated for each
crack indication that is assessed for leakage.  



-8-

Not all flaws identified in the kinetic expansion inspection region are assessed for leakage.  This
determination is made based on the measured depth of the flaw and the location within the
kinetic expansion inspection region.  The volume of leakage attributed to each flaw is also
variable.  These issues are further discussed in the following sections.

3.3.1.2 Elimination of Flaws Based on Depth Measurements

The licensee stated that only flaws which are 100-percent through-wall are assessed for leakage. 
Cracks which have eddy current through-wall depth indications measured at greater than 67.4
percent are assumed to be 100-percent through-wall cracks.  The 32.6-percent difference
accounts for technique, analyst and equipment uncertainties.  (See Section 3.4 for further details
on the eddy current technique.)

3.3.1.3 Leak Rate Tests and the Leakage Reduction Factor

The contact pressure between the expanded tube and the tubesheet causes a significant
reduction in leakage.  This �leakage reduction factor� (LRF) was determined empirically by the
licensee through the use of primary-to-secondary leak rate tests using a bolted split clamp
assembly.  The licensee determined the general trend of the primary-to-secondary leak rate  test
results showed a reduction in leakage for a minimum applied contact pressure equal to 500 psi
and a minimum leak path length equal to 0.25 inches.  There was little or no benefit derived from
increasing the contact pressure above 500 psi to as much as 3,000 psi.  The leak rate for a
contact pressure equal to 500 psi is about 1/36 of that for zero contact pressure.  The NRC staff
believes the licensee is using ASME Code criteria for allowable stresses for faulted conditions as
a basis for establishing a leakage safety factor; only 70 percent of the maximum capability is
being used.  Therefore, the licensee determined that a minimum LRF of 1/25 (i.e., 70 percent of
1/36) was appropriate.

The licensee stated that �The results also suggest that less remaining contact pressure than that
used in the test will be equally effective in reducing leakage since there is no benefit from
increasing contact pressure to reduce leakage.  Leakage reduction is not proportional to the
magnitude of remaining contact pressure but is achieved by establishing and maintaining minimal
contact pressure, independent of magnitude.  In order to account for uncertainties in the method
used for calculating contact pressure, it was decided that a threshold for using a LRF should be
250 psi at a minimum.�  Therefore, the criteria used by the licensee for application of the LRF in
the field are that the defect must be located at an elevation at which structural analysis results
identify a remaining contact pressure at least equal to 250 psi and a leak path length of at least
0.25 inches from the expansion transition.  Defects that are not clamped by at least 250 psi over
a leak path of at least 0.25 inches were evaluated without an LRF.

The licensee indicated that any leakage contribution due to possible defects located further into
the expansion than the �minimum required inspection distance� was considered negligible.  (The
�minimum required inspection distance� is the required �undefected� length which assures
structural integrity.  This value is variable dependent on the length of the kinetic expansion and
the location of the tube within the tubesheet.)  The licensee stated that this conclusion is
supported by the leak rate test results which show a 20-percent leakage reduction for an
additional leak path length of 0.125 inches.
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3.3.1.4 Leakage Volume

The volume of leakage attributed to each flaw identified is dependent on the remaining contact
pressure within the kinetic expansion.  The remaining contact pressure is variable depending on
the length of the kinetic expansion (i.e., 17 or 22 inches in length), the radial location of the tube
within the bundle, and the axial location of the flaw within the tube.

17-inch Kinetic Expansion

For purposes of the leakage assessment, the licensee indicated that analysis shows that the
minimum contact pressure equal to 250 psi is established and maintained at all times throughout
the expansion regardless of location within the tube bundle.  The licensee provided the following
table to identify the leakage assessment method to be used for 17-inch kinetic expansions.

17-INCH KINETIC EXPANSIONS

LENGTH OF KINETIC EXPANSION LEAKAGE ASSESSMENT METHOD

A)  ETL TO ETL MINUS

B)  ETL TO ETL + 0.25"

C)  ETL + 0.25" to ETL + REQUIRED*

D)  ABOVE REQUIRED

CALCULATIONS REQUIRED

USE TABLES

USE TABLES AND LRF

NO LEAKAGE

* REQUIRED - Relates to length required for structural integrity

A)  Flaws located in this area of the tube maintain no contact pressure and are assumed to be
freespan and freespan leakage values are calculated and assigned.

B)  Flaws located in this region maintain some contact pressure and are assigned a leakage
value based on the size of the flaw (axial and circumferential extent).  Tables assigning leakage
values for various sized flaws were provided by the licensee.

C)  Flaws located at this point maintain at least 250 psi remaining contact pressure through the
�minimum required inspection distance� and are assigned the leakage value determined using the
same tables discussed in B (above), but are reduced by the LRF.

D)  Flaws located above the �minimum required inspection distance� are assumed to contribute
negligible leakage and are not assigned any leakage.

22-inch Kinetic Expansion

For purposes of the leakage assessment, the licensee indicated that analysis shows that minimal
contact pressure (less than 250 psi) is established and maintained at all times beginning at the
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center of the tube bundle (0.0R to 0.2R, R = radius) at an elevation above the transition equal to
0.86 inches.  The tubesheet radial location at which minimal contact pressure (less than 250 psi)
is established at the transition begins at 0.2R (0.2R to 0.36R) and the radial location at which
greater than or equal to 250 psi contact pressure is maintained at the transition begins at 0.36R
(0.36R to 1.0R).

The licensee provided a table for 22-inch kinetic expansions, similar to the one provided for 
17-inch kinetic expansions; however, the regions in which the different �Leakage Assessment
Methods� apply differ depending on the radial location of the tube.

3.3.2 NRC Staff�s Assessment

The NRC staff reviewed the proposed leakage assessment methodology and identified several
issues that must be addressed by the licensee.

� The licensee stated that they performed leak rate testing beginning with remaining contact
pressures of 500 psi and above.  However, when determining at what threshold to begin using
an LRF, the licensee concluded that 250 psi was the appropriate threshold due to
uncertainties in the calculation of contact pressure.  There does not appear to be a rigorous
basis for utilizing a lower contact pressure threshold (250 psi) than that used in the leak rate
tests (500 psi). 

� The licensee stated that �the defect must be located at an elevation at which structural
analysis results identify a remaining contact pressure at least equal to 250 psi and a leak path
length of at least 0.25 inches from the expansion transition.  Defects that are not clamped by
at least 250 psi over a leak path of at least 0.25 inches were evaluated without a LRF.� 
These two statements made by the licensee are not identical, and it is not clear which
interpretation is intended (i.e., there must be a 0.25-inch leak path clamped at a minimum of
250 psi below the area where an LRF is applied, or the LRF is applied when there is a 
0.25-inch leak path and a minimum of 250 psi in the area the LRF is being applied).  This
issue must be clarified.  In addition, if the second interpretation is the one intended (i.e., a
minimum of 250 psi is only necessary in the region the LRF is applied), provide the technical
basis for this considering the laboratory tests maintained a 250 psi over the 0.25-inch leak
path in addition to where the LRF is applied.

� The licensee indicated that any leakage contribution due to possible defects located further
into the expansion than the �minimum required inspection distance� was considered
negligible.  The NRC staff verbally questioned during a conference call whether analysis or
calculations were performed to determine the minimum-required length of tubing that would
be required, such that any flaws located above this distance would contribute negligible
leakage.  This is of particular interest to the NRC staff because the �minimum required
inspection distance� is variable.  (Section 3.1 provides more details on the �minimum required
inspection distance�.)  The licensee indicated that analyses were not performed to determine
the minimum-required length.  Perform an analysis to determine the minimum-required length
or provide a justification to explain why this is unnecessary.  Provide an expanded discussion
quantifying �negligible� so that these values can be put in perspective.
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� The licensee stated that the circumferential and axial components of the volumetric inside
diameter (ID) IGA  are evaluated separately, and indicated that this is a conservative
representation of a volumetric indication for the purposes of total leakage evaluation.  The
technical basis supporting this assumption is not clear.

In addition, the licensee stated that the leakage flow for a given crack opening area (for a
given crack) is determined by the PICEP computer code and that the code was validated with
experimental data.  The licensee should provide technical justification for the use of  PICEP, a
crack code, for IGA (crack and IGA typically have very different flaw morphologies).  Describe
the various inputs used for PICEP, if necessary, for this technical justification.  In addition, the
licensee should provide a brief summary of the PICEP code validation that was performed,
including a brief description of the actual flaws that were used for the validation.

� Four regions (A, B, C and D) were used above to describe the different methods used by the
licensee to calculate leakage volume.  Provide further information and/or support for the
following:

A - Provide a more detailed discussion on the calculations, leakage values and supporting
basis for flaws identified in this region.  How does this leakage assessment methodology
differ from that used for freespan flaws identified outside the tubesheet?  The NRC staff
assumes that the region where �calculations� are necessary encompasses the region from the
secondary face of the upper tubesheet to the height indicated in each of the tables.  Please
indicate whether this assumption is correct.

B - Identify how the calculations performed to create the tables used in this region differ from
the calculations used for region A.  If the difference in calculational methods is due to the
difference in contact pressure (i.e., no contact pressure in region A versus minimal contact
pressure in region B), discuss the contact pressure that is utilized as it appears to vary from
tube to tube depending on location within the tube bundle.

� The attachment to the licensee�s November 26, 1997, submittal, �GPU Nuclear Topical
Report #116, Revision 0, Leakage Assessment Methodology For TMI-1 OTSG Kinetic
Expansion Examination,� November 6, 1997, provides the leakage assessment methodology. 
Page 33 of the topical report states that the �minimum inspection length was 1.8 inches from
the transition for peripheral tubes.�  The basis for this statement is not clear, as it appears to
conflict with the structural integrity inspection acceptance criteria.

� The NRC staff has concerns whether the elimination of flaws from the leakage assessment
methodology based on depth measurements is appropriate and conservative.  This issue is
further discussed in Section 3.4.

� The licensee uses �ETL� to describe the location at which to apply different leakage
assessment methodologies.  This acronym in not defined in the docketed information.

3.4 Non-Destructive Evaluation Technique

3.4.1 Licensee�s Proposal

The licensee eliminates flaws from the leakage assessment methodology based on depth
measurements.  Flaws which have eddy current through-wall depth indications measured at less
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than 67.4 percent are assumed to be less than 100-percent through-wall, and, therefore, are
eliminated from the leakage assessment.  The 32.6-percent difference (100 percent - 67.4
percent) accounts for technique, analyst and equipment uncertainties.  

The licensee stated that the uncertainties were developed based on a performance study
performed by the licensee to determine if an existing Appendix H primary water stress corrosion
cracking (PWSCC) sizing qualification was applicable for the OTSG�s smaller diameter, thinner
walled tubing.

The performance study consisted of samples containing machined electro-discharge machining
notches, laboratory grown pits representing IDIGA and PWSCC samples from the original EPRI,
Appendix H, qualification data set.  The licensee used these samples to evaluate the analyst,
equipment, and technique variability for sizing.

The licensee determined that the depth sizing accuracy for the OTSG tubing defects was within
previously-defined Appendix H parameters for a qualified technique.  The licensee concluded that
the existing Appendix H qualifications for PWSCC were also applicable to OTSG-sized tubing and
inside diameter IGA.

3.4.2 NRC Staff�s Assessment

The method used by the licensee to determine acceptability of the eddy current technique for use
on the IDIGA identified at TMI-1 is not sufficiently rigorous for NRC staff�s approval of an
alternate repair criteria.  There are inherent weaknesses in the information provided by the
licensee.  Resolution of this concern is crucial to the NRC staff�s review of the proposed
inspection criteria.

Three examples of the weaknesses are as follows:  the NRC staff does not typically accept
machined notches as a substitute for corrosion-induced steam generator tube degradation for
eddy current testing qualification purposes; flaws that are utilized in the data set should be shown
to be representative of the IDIGA at TMI-1; discussion of the eddy current technique qualification
which supports length sizing of flaws was not provided. 

The NRC staff suggests the licensee develop a plant-specific performance demonstration which
includes a statistically valid sample set shown to representative of TMI-1 IDIGA, and blind data
acquisition and analysis.  Alternatively, the licensee may consider documenting a convincing
technical justification for why industry and TMI experience with IDIGA indicates that the current
technique qualification and related uncertainties are bounding for TMI-1.

4.0 SUMMARY OF ACTIONS REQUESTED OF THE LICENSEE

The NRC staff reassessed the regulatory requirements associated with this inspection
acceptance criteria and reached a final conclusion that the repair criteria implemented by the
licensee require regulatory approval.  Any future modifications to the subject acceptance criteria
should be submitted to the NRC for review and approval prior to implementation.

One issue identified by industry as potentially generic, �Misapplication of the Leak-Before-Break
Approach to the Design of Steam Generator Repairs,� must be addressed by the licensee.  The
licensee should ascertain whether the issue affects the design and inspection and acceptance
criteria of the kinetic expansion.  
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The NRC staff has identified several inconsistencies in the submitted documents related to the
structural integrity assessment.  These inconsistencies lead to confusing inspection and
acceptance criteria that are not easily understood.  The NRC staff suggests the supporting
documents be revised in order to provide clear and unambiguous criteria.  The NRC staff
identified several examples of these inconsistencies; however, the licensee should review the
documents closely to identify any additional inconsistencies that may be present.  The NRC staff
review also identified several issues related to the proposed leakage assessment methodology
that must be addressed by the licensee prior to resubmitting this proposal.  Lastly, the NRC staff
identified concerns related to the nondestructive evaluation technique (i.e., eddy current testing)
that must be addressed.

5.0 CONCLUSIONS

The NRC staff has reviewed the proposed inspection acceptance criteria (structural and leakage)
and the leakage assessment methodology and cannot approve the proposal at this time. 
Additional technical justification must be provided.  In addition, there are inconsistencies within
the submitted documents which result in acceptance criteria and related technical basis that are
unclear.  We request that you modify the supporting documents accordingly.  Upon receipt and
review of this assessment, the licensee needs to discuss with the NRC staff its proposed
schedule for resubmitting their kinetic expansion inspection and repair criteria.  In addition, it
would benefit TMI-1 to have this review completed prior to submitting the TS change package
associated with the ongoing NRC/industry steam generator efforts, so that this alternate repair
criteria can be implemented in its TSs at that time.  This will be necessary since the proposed
definition of tubing in the NEI 97-06 regulatory change package includes the tubing inside the
tube sheet.

Principal Contributor:  C. Khan

Date:  August 24, 2001
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