NRC / Exelon
Working Level Meeting

OTSG Kinetic Expansions

February 16, 2005




TMI-1 Draft RAIs re: Kinetic Expansions

e Information:

» TMI-1 Planning for SG Replacement in Fall, 2009 Outage.
(2005 and 2007 planned refueling outage exams)

» April, 2005 scheduled Exelon Board review

» Background

« TMI-1 installed kinetic expansions (IKE’s) in 1982-1985

* TMI-1 created and first used KE MRPC inspection criteria in
1997

* Significant Scope Commitments

o Summary:
» Plug circs in pressure boundary
» 100% scope each outage
» Plug new indications
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Several Staff Issues to Discuss

Excerpt:

Suitability of leaving circumferential flaws in-service

Leakage assessment including thermal hydraulic analysis
model

Basis for assumption of no growth/no initiation of new flaws
Structural integrity assessment
a. Basis for steam line break axial load
b. Determination of the limiting accident
Consistency with recent industry experience
Inspection practices/techniques
Other issues ...”

Also, issues listed in “TMI-1 MSLB ANALYSIS FOR GENERATING
INPUTS TO DEFINE THE OTSG TUBE LOADS (RAls FROM SRXB)”



1. . Suitability of Leaving Circumferential Flaws In Service

o Jssue:

« “...a. The large-break loss-of-coolant accident (LBLOCA) issue applies to TMI-1,
(based on request for additional information (RAl) responses provided in the
October 4, 2002 submittal) and circumferential flaws are of particular concern in
this event due to the increase in axial loads. This issue is not currently
addressed in the August 16, 2004, TMI-1 KE report, ECR #02-01121, Revision 1,
“Inspection Acceptance Criteria and Leakage Assessment Methodology for TMi
OTSG [once-through steam generator] Kinetic Expansion Examinations,” which

is inconsistent with industry practice for joint repairs, therefore this issue remains
unresolved.”

» Exelon Response:

— Exelon proposes to plug all circumferential flaws in the kinetic
expansions’ required lengths upon detection (--including circumferential
flaws that were detected during prior 1997 through 2003 outage exams
that remain in service in the kinetic expansions’ required lengths).

— Thisis $1.5M and 1 day duration commitment.




1.(cont’d) Suitability of Leaving Circumferential Flaws In
Service

Issue:

“...b. For a 0.64-inch long circumferential crack, what is the factor of safety
against tube severance under a main steamline break (MSLB), based on elastic
analysis? For this same crack, does the axial thermal stress behave as a
primary or secondary stress? (For design in accordance with Section il of the
American Society for Mechanical Engineers (ASME) Boiler and Pressure Vessel
Code (Code), axial thermal stress is always considered secondary. For
circumferentially cracked tubes, if the crack is large enough such that
deformation occurs largely at the crack rather than being relatively evenly
distributed along the length of the tube, then the net section stress at this
location is not "self limiting" and should be treated as primary. Industry
representatives (e.g., NEI) have stated they are developing guidance for when
thermal loads should be considered primary versus secondary). If the licensee
has an alternative justification for the 0.64-inch circumferential crack criterion
other than elastic analysis, the licensee is requested to provide that justification

including justification for the value of the safety factor assumed to the applied
load.”



1. (cont’d) Suitability of Leaving Circumferential Flaws In

Service

* Exelon Response:

1997 analyses were elastic
Thermally-induced axial stresses were secondary

Safety factor for structural (i.e., tube severance) is at least 1.8 based on axial tube loads
(1310 Ibs. by analysis versus 2400 Ibs. assumed for KE analyses) A

Recent scoping calcs. indicate that strain concentration at circ. cracks will not prevent {ull
load relaxation of the secondary MSLB thermal loads. The calculations indicate that the
strain concentration for a 0.64" circumferential flaw is approximately 3%.

As previously described, Exelon proposes to plug all circumferential flaws in the kinetic
expansions’ required lengths upon detection (--including circumferential flaws that were
detected during prior 1997 through 2003 outage exams that remain in service in the
kinetic expansions’ required lengths).

Recent work performed for the BWOG shows load relaxation under displacement control
for 90 degree/100% TW cracks in OTSG tubes. An elastic load of 2920 bs. relaxed by
454 1bs. under displacement control at maximum load. This is an effective factor of safety
of approximately 1.18 with respect to maximum load. The self limiting characteristic of

the secondary, displacement controlled, load is maintained in the presence of a TW
circumferential crack. :




1. (cont’d) Suitability of Leaving Circumferential Flaws In
Service

o |[gsue:

- “...c. Based on recent industry operating experience, circumferential flaws are
likely to initiate in the KE expansion region at TMI-1. The staff's concerns
related to the "no growth" and "new initiation" statistical assessments have not
been resolved and are discussed in more detail in Item 3 below.”

. Exelon Response:

— Exelon plO])OSCS to plug all circumferential flaws in the kinetic
expansions’ required lengths upon detection (--including circumferential
flaws that were detected during prior 1997 through 2003 outage exams
that remain in service in the kinetic expansions’ required lengths).

—~ Will address further in Item 3.



1. (cont’d) Suitability of Leaving Circumferential Flaws In
Service

e Issue:

» “...d. No other domestic plant leaves circumferential flaws in service in the
steam generator (SG) tube pressure boundary. Based on this and other issues
associated with circumferential cracks (identified above), the staff would like the

licensee to discuss the suitability of its proposal to leave circumferential flaws in
service.” :

» Exelon Response:

— Exelon proposes to plug all circumferential flaws in the kinetic
expansions’ required lengths upon detection (--including circumferential
flaws that were detected during prior 1997 through 2003 outage exams).




2. Leakage Assessment Including Thermal Hydraulic

Issue:

Analysis Model

“...a. Did the leak tests, performed in éupport of this inspection/repair cfiteria,
use deoxygenated water? Recent industry experience indicates tests not
performed with deoxygenated water may be non-conservative.”

Exelon Response:

Leak testing performed for this 1997 KE criteria did not use deoxygenated water.

WCAP for CE Explansions, Sect 4.7: “...tests demonstrated that a difference in

water chemistry (deionized-oxygenated water and deoxygenated primary water) did
not affect leak rate.”

Room temperature leak rate testing very conservative due to lack of flashing (l.e.,
choking) at the crack.

The TMI-1 leak testing was very conservative:

» The tubes were not even expanded into the tubesheet mockup. (They were
only clamped, with no plastic deformation of tube sample or tubesheet
mockups). This method was conservative because the tubing sample was not
expanded into the clamp; thus, “flattened contact” was not attained.

» Leak rates were calculated for freespan tubing (i.e., no tubesheet present),
which is conservative and maximizes the delta P across a tube flaw.

» Leak testing was only used to determine a single leak reduction factor (LRF)
to apply to the calculated freespan rates. 10



2. (cont’d) Leakage Assessment Including Thermal Hydraulic
Analysis Model

e JIssue:

- “..b. The proposed leakage model assumes zero leakage from flaws located above the
region of the tubing which is inspected and evaluated in accordance with the structural
integrity criteria (i.e., the SG tube pressure boundary). This is inconsistent with industry
practice for similar repair criteria. Recent industry experience indicates the leakage from
this region may not be minimal, when assumed for all in-service tubes. Therefore, the
assumption needs to be modified to reflect this.”

» Exelon Response:

» Exelon will revise wording in the report and revise its approach:
» Negligible leakage vice zero leakage

» The KE’s were designed to be leak-limiting, vice leak-tight (--sum of leakage
from all KE’s less than 1 Ib./hr during normal operation.

» The test block qualification leak test results in Section 2.6.3.2 of BAW-1760,
Rev 1, indicate a measured average leak rate equal to 44.72E-6 Ibs/hr at an
internal pressure of 1400 to 1500 psig. This pressure difference corresponds
to the maximum pressure difference for the MSLB as evaluated using the
TMI specific thermal /hydraulic analysis model. The total leakage per OTSG
is <0.7 Ibs/hr. 1t is conservative to use this value for leakage from above the
KE minimum required contact length because the effect of the added
tubesheet hole constriction is not included. '



2. (cont’d) Leakage Assessment Including Thermal Hydraulic

Issue:

“Analysis Model

“«..c. lIsthe leakage assessment conservative for volumetric intergranular attack (1GA),
given that the axial and circumferential extents (i.e., components) are independently
assessed? Is there experimental and/or analytical evidence which indicates that summing
the leak rates from projected axial and circumferential crack components of volumetric IGA
indication give conservative leak-rate estimates?”

Exelon Response:

This is a very conservative treatment of possible leakage from volumetric IGA

TMI-1 has in-situ pressure tested more than 60 volumeltric 1IGA flaws in the
freespan, without leakage, as part of its freespan ARC

This method was chosen for its conservatism. There was no evidence that
summing the leak rates from axial and circumferential components was necessary.
(There is quite a bit of evidence to the contrary.)

Volumetric {law, if parted, would part in a single direction in response to the
maximum stresses.

The backing of the tubesheet prevents a volumetric flaw from becoming a “hole”.




2. (cont’d) Leakage Assessment Including Thermal Hydraulic
Analysis Model

Issue:

-..d. Laboratory tests were performed by the licensee to develop a leakage
reduction factor (LRF). Information from other sources indicate lower reductions
in leakage due to pressure. 1) The licensee calculated the LRF by putting a
clamp over an electro-discharge machined (EDM) notch and measuring the A
reduction in leakage. To account for internal pressure, the licensee used the
zero-applied contact pressure results as the basis. Clarify how these
adjustments (relative to the zero-applied contact pressure) were made and the
basis for concluding they are conservative. 2) Discuss whether use of a notch

is conservative when the results are applied to cracks/volumetric IGA given that
cracks have much lower leak rates.”

Exelon Response:

— The clamping pressure was achieved by adjusted torques of clamp bolts.

— This method was conservative because the tubing sample was not expanded into the clamp; thus,
“flattened contact” was not attained.

— The use of notches is conservative since the delta P across the “expansion” is maximized. (delta P
across a crack is greater than delta P across an open notch.)

— The LRF is applied to both small and larger leakage cracks only when the resistance through the
annulus is larger than through the wall. The issue of whether a different LRF should be derived and
used for smaller cracks is addressed by requiring that the LRF can only be applied when the
resistance through the annulus is greater than the resistance through the wall. In this way, the LRF is
independent of the size of the crack. A leaking, through-wall, crack must have a lower delta P than
two expanded surfaces in contact over a %" minimum length.

13



2. (cont’d) Leakage Assessment Including Thermal Hydraulic
Analysis Model

o [ssue:

“..e. Based on the information submitted, the NRC staff understands the following: 1)
Flaws are assumed to be 100% through-wall for the entire measured (via eddy current)
extent for the structural analysis. 2) Flaws less than 67% through-wall are assumed not to
leak for the leakage assessment. 3) Flaws exceeding 67% through-wall are assumed to be
100% through-wall for the entire measured (via eddy current) extent for the leakage
assessment. Please confirm the above understanding. [Please note: Table {lI-6 of the
1R14 SG Outage Report implies that the length of assumed 100% through-wall crack length
is less than the measured (via eddy current) crack length. Please clarify this discrepancy.]”

» FExelon Response:

+ The staff’s understanding is correct for the KE indications.

» Table ITI-6 of the 1R14 SG Outage Report was for freespan volumetric 1D
IGA indications, not KE indications.

14




2. (cont’d) Thermal Hydraulic Model for the Leakage
Assessment

e [ssue:

.« ~.a. The NRC staff has determined that the thermal hydraulic model used for the
leakage assessment is different than that used for the structural assessment and has not
been reviewed by the staff. Considering the resulting axial loads are significantly lower
(i.e., 1310 pounds (Ibs)) than those used for the structural assessment (i.e., 2400 1bs.),
the staff has concluded that the thermal hydraulic model used for the leakage assessment
must be reviewed.”

o Exelon Response:

* The thermal-hydraulic leak modeling used for leakage assessment used actual plant
design responses, rather than assumptions.

« [Exelon can provide these documents to the staff.

» Conservatisms of thermal hydraulic model for leakage assessment (driving RCS
temperature down): High RCP flow, Maximum MS line break {low, lower primary temp,
maximum secondary inventory, failure of feedwater reg, valve, rapid HPI actuation, actual\
performance of turbine-driven EFW pump.

» Lower RCS and tube temperature -> Maximum axial loads on tubes -> Maximum crack
opening displacement of a hypothetical flaw -> maximum leakage

15



2.(cont’d) Thermal Hydraulic Model for the Leakage
Assessment

o |ssue:

»..b.  The leakage assessment is performed for a MSLB using revised tube loading
conditions (based on use of a different thermal hydraulic model as discussed above).
The loads on the tube for the revised MSLB analysis are lower than for other accidents
(e.g., small and large breale LOCA). As aresult, it is not clear whether the MSLB is still
the most limiting accident in terms of assessing the consequences of leakage {rom these
joints given the differences in loading conditions between the accidents and the different
assumptions for assessing the radiological consequences of these accidents.”

» FExelon Response:

+ The MSLB condition results in the most limiting nuclear-safety related consequence with
respect to the joints.

» LOCAs result in decreased primary pressure and, therefore, decreased pressure
differences across the joints.

 Consistent with original design of the KE, and other industry expansion repairs.

16



2.(cont’d) Thermal Hydraulic Model for the Leakage
Assessment

e Issue:

- “...c. In the thermal hydraulic analysis for the leakage assessment, the licensee appears
to have tried to maximize the cooldown rate to increase the axial tube loading.
However, it is not clear whether this results in an overall conservative result given it
may have decreased the differential pressure across the tubes (and the driving force (or
the leakage). In addition, it appears that the leakage assessment was performed based on
the actual loads on the tube at various time intervals and the leakage over these intervals
were summed. Regarding this approach, it is not clear how the licensee accounted for
all of the uncertainties in all of the models (e.g., thermal hydraulics, tube material
properties, PICEP, elc.) to ensure that the leakage estimates have high confidence (e.g.,
a 95% prediction interval at 95% confidence). Provide the details of how the leakage
calculations are performed.”

» Exelon Response:

» Conservative estimates of operator action and general plant response were key factors in
evaluating axial tube loads. No attempt was made to decrease the pressure difference
across a tube. Best estimates of thermal-hydraulic conditions, material properties, and
PICEP properties were applied in the absence of information in the literature regarding
range of variation of key parameters. 17




3. Assumption of No Growth/No Initiation of New Flaws

e [ssue:

« “..:a Statistical tests performed to determine whether flaws are growing compare data
from the current outage to data from the prior outage. The NRC staff believes the licensee
should use data from the outage during which the first rotating probe examination was
performed of each KE. This would ensure that potential slow flaw growth rates would be
more evident. Discuss your plans to perform the statistical tests in this manner.”

» Exelon Response:

» Exelon agrees to revise its acceptance criteria to implement this requirement.

» Some early data may only have useable +Point data. (The pancakes weren’t
required if no ID IGA was identified.) Exelon will use the earliest acceptable
data for determining axial and circumferential extents.

18




- 3. (cont’d) Assumption of No Growth/No Initiation of New
Flaws

Issue:

\
*...b. Anextreme value test is performed to identify possible outliers or erroneous data. Erroneous data
is corrected prior to using that data in the subsequent statistical tests. Outliers (i.e., indications with large
apparent growth rates) are used in the subsequent statistical tests. Industry experience indicates that when
a population of flaws grow, some grow faster than others. Therefore, the staff would like to discuss why the
outliers are not, in and of themselves, considered evidence of flaw growth, and therefore, an invalidation of
the no-growth assumption used to calculate the flaw acceptance criteria.”

Exelon Response

Outliers are considered evidence of flaw growth if they are “real”. (Outliers may be due (o such things
as typographical error.)

» Oultliers, if real, will be plugged.

« Exelon proposes to revise its acceptance criteria to plug any K.E.’s with new indications in their required
expansion length that were not detected during the 1997 through 2001 examinations. “Lookbacks™ will
be used to determine whether indications were present in the earlier outage data.

*  “No-growth assumption” based on actual results, conservatism of analytical methods, and capture of
K.E.’s within tubesheet.

19




3. (cont’d) Assumption of No Growth/No Initiation of New

Flaws

» Exelon Response (continued):

Growth of ID Kinetic Expansion VOLs

Measured Delta Circ Length
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3. (cont’d) Assumption of No Growth/No Initiation of New

Flaws

+ Exelon Response (continued):

Measured Delta Circ Length
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3. (cont’d) Assumption of No Growth/No Initiation of New
Flaws

e Jssue:

. ...C. The NRC staff is not confident the threshold value of 0.05 new indications per kinetic
expansion examined is truly indicative of an active degradation mechanism. In addition,
different criteria for circumferential and volumetric degradation may be appropriate since
they are potentially two different populations. Industry guidance on this subject would
indicate that one new crack results in a declaration of active degradation. Discuss why the
size of the indication is not a consideration or why comparisons to prior data are not
sufficient (i.e., if it cannot be seen with hindsight, it is new). Lastly, based on the information
provided in Table B in Section 3.2.1.9 of the August 16, 2004 submittal, it could appear that
degradation is active with an initiation rate of 0.03 indications per kinetic expansion. Please
provide a discussion of the above issues.”

» Exelon Response:

» [Exelon proposes to revise its acceptance criteria to plug any K.E.’s with new indications
in their required expansion length that were not detected during the 1997 through 2001
examinations. “Lookbacks” will be used to determine whether indications were present in
the earlier outage data.

« TMI-1 intends to revise the report to require 100% of the inservice kinetic expansions in
both generators be examined during each planned steam generator examination. TMI-1
will revise the subject report section as necessary to dovetail with this revision.




3. (cont’d) Assumption of No Growth/No Initiation of New
Flaws

Issue:

“...d. The licensee indicated that some KE indications "drop out", or disappear, each
outage. These should be discussed in more detail, including: examples of several
indications (e.g., largest, smallest, theory on reason for disappearance, etc.); if threshold-of-
detection is ascribed to be the cause of disappearance, be prepared to discuss the criteria
for the threshold-of-detection.

Exelon Response:

— Exelon proposes to revise its acceplance criteria to plug any K.E.’s with new
indications in their required expansion length that were not detected during the
1997 through 2001 examinations. “Lookbacks” will be used to determine whether
indications were present in the earlier outage data.

23




3. (cont’d) Assumption of No Growth/No Initiation of New
Flaws

» New indications (“drop-ins™) and “drop-outs” are small:
Typical New Indication (Tube A 82-24; 2003 data). Note Horizontal Plot
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3. (cont’d) Assumption of No Growth/No Initiation of New
Flaws |

* New indications (“drop-ins”) and “drop-outs” are small
Typical New Indication (Tube A 82-24: 2003 data). Note Vertical Plot
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3. (cont’d) Assumption of No Growth/No Initiation of New
Flaws

* New indications (“drop-ins”) and “drop-outs” are small:
Typical New Indication (Tube A 82-24; 1997 data). Nole Horizontal Plot
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3. (cont’d) Assumption of No Growth/No Initiation of New
Flaws

» New indications (“drop-ins”) and “drop-outs” are small:
Typical New Indication (Tube A 82-24; 1997 data). Note Vertical Plot
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3. (cont’d) Assumption of No Growth/No Initiation of New

Flaws

Horizontal Plot From Calibration Standard 20%, 40%, and 60% TW ID Circumferential

Notches
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3. (cont’d) Assumption of No Growth/No Initiation of New
Flaws

» Vertical Plot From Calibration Standard 20%, 40%, and 60% TW ID Circum/erential
Notches
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3. (cont’d) Assumption of No Growth/No Initiation of New

Flaws

» Horizontal Plot From 1997 Tube Pull ID 1GA (0.030” Axial x 0.018” Circ Length by

Metallography)
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3. (cont’d) Assumption of No Growth/No Initiation of New
Flaws

« Vertical Plot From 1997 Tube Pull ID IGA (0.030” Axial x 0.018” Circ Length by
Metallography)
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3. (cont’d) Assumption of No Growth/No Initiation of New
Flaws

» Largest drop out was due to change in location in tube:
Tube B 14-48; 2003 data (AKELmin =5.2")
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3. (cont’d) Assumption of No Growth/No Initiation of New

Flaws

» Largest drop out was due to change in location in tube:

Tube B 14-48; 1997 data (AKELmin =5.2")
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Note: 1997 data was acquired on the push to comply with “Points of Light” issued by EPRI. All subsequent

KE data has been acquired on the pull and similar locating deltas have not been identified.
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3. (cont’d) Assumption of No Growth/No Initiation of New
Flaws

* Largest 2003 “drop in” was due to previous 1999 MCI called as 2 SCI’s in 2003:
Tube B 101-9; 2003 data
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3. (cont’d) Assumption of No Growth/No Initiation of New
Flaws

\

» Largest 2003 “drop in” was due to previous 1999 MCI called as 2 SCI’s in 2003:
Tube B 101-9; 1999 data
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4. Structural Integrity Assessment

Basis for MSLB Axial Load

e Issue:

“...a. The licensee’s August 16, 2004, report states that the 3140 pound axial load corresponds
to an axial membrane stress of 49.5 ksi (thousand pounds per square inch) and a design-
basis tube strain of 0.16%. The licensee further states that tubes with a lower bound yield .}
strength and nominal geometry will experience load relaxation (from 3140 Ibs.) due to

yielding, resulting in an axial load of 2400 pounds. This load is used to determine the size of
the needed "defect free zones" in the KE.

« The "design basis" tube strain of 0.16% was determined assuming that all tubes were
behaving elastically (Topical Report BAW-10146). The corresponding axial membrane
stress of 49.5 ksi exceeds the nominal yield strength of the tubing at a MSLB temperature of
235 degrees F. Had the actual stress strain properties of the tubes been assumed in the
licensee's analysis, rather than elastic properties, the resulting tube strain could exceed
0.16% since the tube bundle and tubesheet would provide less resistance to the desire of
the SG shell (with temperature in the range of 520 to 575 degrees F) to expand axially
relative to the tubes. If credit is taken for load relaxation in the tubes due to yielding (as is
the case for TMI-1), why is it not necessary to also consider the corresponding increase in
tube end displacements (and, thus, tube strain) when determining the axial loads in the
tubes? What are the tube end displacements and tube strains under MSLB temperatures if
a realistic distribution of stress/strain properties are assumed to exist within the tube
population? What would be the effect on the axial loads and minimum required defect-free

lengths assuming use of the realistic distribution of stress/strain properties?  (Continued
on next slide) 36
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4. (cont’d) Structural Integrity Assessment

Basis for MSLB Axial Load
Issue: (Continued from previous slide)

What factors of safety are applied to the axial loads to ensure the joints don't slip when
determining the necessary size of the "defect-free zones? What is the technical basis for
the safety factors? [Note, a factor of safety of 1.0 is reasonable for thermal loads behaving
as secondary, as acknowledged in the structural performance criteria in the latest Technical
Specification Task Forcer (TSTF) submittal from NEI of the generic license change package
and in the forthcoming revision to NEI 97-06, “Steam Generator Program Guidelines”. But
this safety factor criterion is based on the assumption of elastic analysis, recognizing that
load relaxation will take place prior to failure. A safety factor of 1.0 is not appropriate if oney
is taking explicit credit for load relaxation, since components at the point of incipient failure

under design-basis loadings would be contrary to ASME Code, Section Il and Section XIi
philosophy.].”
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4. (cont’d) Structural Integrity Assessment

Basis for MSLB Axial Load

* Exelon Response:

e Recent scoping calculations addressing tube end displacement for a
tube bundle with only low yield strength tubes show an increase of
10.5%. Strain hardening for low yield strength material is negligible
for this increase in tube end displacement. The resulting load increase
is negligible.

* The factor of safety against slip is at least 1.8. This factor of safety
would increase as the axial load is reacted in the tube joint.
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4. (cont’d) Structural Integrity Assessment

Basis for MISLB Axial Load

e Jssue:

“...b. The licensee states that the design-basis MSLB load for the SG tubes of 3140
pounds was determined by assuming that all tubes remain fully elastic. It was
necessary to adjust the results obtained for the high yield strength tubes and
greater wall thickness for consideration of minimum yield strength and nominal
wall thickness tubes that may be present in the steam generators. Additional
details are required for the staff to fully understand this adjustment.

» Exelon Response:

*  The adjustment refers to two issues:

— The first is to bring the analysis model that was developed to benchmark the pre-qualification
test results into alignment for use with a low yield strength tube having nominal wall thickness.

— The second adjustment involved developing a representative low yield strength stress/strain
curve from aclual stress/strain data obtained using a TMI OTSG tube specimen. This
adjustment was accomplished by shifting the tube specimen stress/strain characteristic
downward for the same permanent off-set. Using the design basis tube strain (0.16%) and the
stress/strain curve for the lower bound yield strength material, the maximum axial load that
must be considered is 2400 Ibs. This result adjusts the 3100 Ibs design basis load to 2400 Ibs.

™~
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4. (cont’d) Structural Integrity Assessment

Basis for MSLB Axial Load

o [ssue:

« What are the dimensional tolerances for the nominal 0.625" diameter, 0.034 "
thick tubing?...”

» Exelon Response:
— Allowable tolerances (based on tubing Purchase Order)
— Outside diameter 0.625” plus 0.005”, minus 0.000”
— Wall thickness 0.034” plus 0.005”, minus 0.000”
— Min. wall and min. yield strengths were used for analyses

~ Tube pulls have validated these dimensions (e.g., 1997 tube pull samples typical
0.D.’s were 0.625” to 0.629”; typical 1.D.’s were 0.554” to 0.555”.)
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4. (cont’d) Structural Integrity Assessment

o [ssue:

Basis for MISLB Axial Load

“...What are the estimated nominal, upper bound, and lower bound yield strengths of
the tubing at room temperature and at the temperature associated with the

maximum MSLB load (i.e., 235 degrees F as reported in BAW-10146) ?”

» Exelon Response:

» Section 2.2.3.1 of GPUN TR 007, “Three Mile Island Unit 1 Once-Through
Steam Generator Repair: Kinetic Expansion Technical Report”, (March, 1983)
provides TMI-1 tubing yield strength information that was used to develop the
KE acceptance criteria.

»

»

»

“...Tubes that are positively traceable as being in the TMI-1 stcam
generators have 0.2% offset yield strength values from 41.0 to 61.1
ksi. Tubes that may be in the generators, but which are not
individually traceable as such, have 0.2% offset yield strength
values from 41.0 to 64.9 ksi.”

41 ksi tubing was assumed for the derivations/calculations of the
KE acceptance criteria.

The reduction in yield strength at MSLB temperature should not
exceed approximately 5%. This is compensated by not including
thermal tightening in the structural analysis model, and other
conservatisms.




4. (cont’d) Structural Integrity Assessment

- Basis for MISLB Axial Load

Issue:

“...Itis not evident to the NRC staff, based upon its review of BAW 10146, that the
3140-Ib. MSLB load is based on a larger than nominal tube wall thickness as is
suggested in the licensee’s words above. For a nominal 0.625" outside diameter,
(OD) tube with a nominal 0.034" thick wall, the cross-sectional area of the tube is
0.0631 square inches. BAW-10146, Table 5-6, indicates that the 3140-lb. load is
based on this same nominal cross-sectional area. Provide an explanation for this
apparent discrepancy. Provide a description of tube wall dimensions assumed in
the calculation of the 3140-Ib. MSLB load.”

Exelon Response:
» Exelon assumes the words that the staff is referring to are in the sentence on Page 8 of the KE report that
reads:

““..It was necessary to adjust the results obtained for high yield strength tubes and greater wall
thickness for consideration of minimum yield strength and nominal wall thickness tubes that may
be present in the steam generators.”

* The load resulfs were not adjusted. What was adjusted were the results of the original 1980°s pull

testing. (What was adjusted was the finite element analysis model so that it was applicable to minimum

wall thickness and lowest yield strength tubing. Pull testing was not done with minimum wall thickness
or lowest yield strength tubing.)

» [xelon did not intend to suggest that a larger than nominal tube wall thickness was used in BAW 10146.
What was intended was to point out that it was necessary to adjust the results of the pre-qualification
tube pull tests because those tests involved both higher-than-minimum yield and larger-than-nominal
wall thickness tubes.

» Exelon will revise the report to clarify as necessary.




4. (cont’d) Structural Integrity Assessment

Basis for MSLB Axial Load

o Jssue:

.. The pullout resistance of the tube from the tube sheet is a function of the contact

pressure caused by the expansion process, the effects of thermal tightening
(differential thermal expansion between the tube and the tube sheet), tube internal
pressure, and tube sheet bow. During a steam line break transient, the tube
internal pressure and the tube temperature are changing. In addition, the yield
strength of the tube changes with temperature. The yield strength of the tube
affects the system response (e.g., the applied load due to load relaxation). ltis
not clear whether the analysis provided truly represents the most-limiting
conditions of the transient. The licensee should confirm that the most-limiting
point of the accident was evaluated for the most-limiting situation (high-yield
strength tubing/low-yield strength tubing) using the most-limiting input parameters
(lowest contact pressure/pullout resistance of any of the test data). This approach
is consistent with how we have assessed other similar amendments. The goal is

that all tubes have adequate integrity so worst-case assumptions are generally
made.”

» Exelon Response:

MSLB transient analysis was performed over time, including primary-to-secondary delta P, tube axial
loads, etc. Leakage was calculated over the duration of the transient, assuming minimum tube yield
strengths, elc.. A single point in time (i.e., a “most-limiting point of the accident”) was not used;
transient analyses were performed up to a 1410 minute duration.

Most limiting primary-to-secondary delta ' and tube axial loads do not occur at the same moment during
the MSLB transient.

Low yield strength material results in the lowest pullout resistance. High yield strength material results
in proportionately higher pullout resistance.

Refer, as necessary, to Slide 15 conservatisms.




4. (cont’d) Structural Integrity Assessment

Determination of the Limiting Accident

e [ssue:

“...In determining the limiting accident, it is not clear what factors of safety were
applied under all events considered (e.g., LOCA, normal operating, feedwater
line break conditions, etc.). Question 4a., above, focuses on the factor of safety
used in assessing the MSLB accident; however, it is not clear whether another
event may be more limiting if appropriate safety factors were used (this question
assumes the correct safety factors were not applied).”

» Exelon Response:

» The MSLB condition results in the most limiting nuclear safety consequence with respect
to leakage through the joint.

» Slippage at the upper expansion does not result in unlimited tube displacement due the
presence of the lower tube end expansions and weld. \
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Consistency with Recent Industry Experience

° ]ssue:

..Analyses of kinetically expanded joints in other designed steam generators has

indicated that "defect free" lengths greater than what is being proposed for TMI-1
are needed to ensure structural and leakage integrity. In addition, the contact
pressures for the TMI-1 kinetic expansions appear to be significantly larger than
those at other plants with KEs. Therefore, please compare and contrast the
expansion process used at TMI-1 to the KE processes used at other plants to help
the NRC staff understand the potential differences (e.g., joint tightness, resistance
to cracking, etc.).”

» Exelon Response:

The kinetic expansions were detonated twice to maximize their contact pressure.
(Transition designs were investigated to minimize residual stresses.) The first of the two
detonations was intended to expand the tube into contact with the tubesheet. The second
detonation was intended to maximize the interference and, hence, the residual contact
pressure.

1980’s achieved design objective was 99% confidence that 99% of the kinetic expansions
had pullout strengths of greater than 3140 Ib. tensile load.

45




5. Consistency with Recent Industry Experience

Exelon Response (Cont’d):

« Comparison with hydraulic expansions at an Exelon plant:
Hydraulic expansion:
Avg. force to displace 0.25” was 541.16 Ibs/inch of expansion

KE:
Avg. force for “initiation of tube pull motion” for low-yield tubes at
330F was 4310 Ibs for 6 inch expansion, or about 720 Ibs./inch of expansion

» Comparison with explosive expansions at some other U-tubed plants:

— Structural-required length was 2.25 to 4.25 inches from the secondary face ol the
tubesheet. (Minimum yield strength at these plants is 35 ksi). These are similar to
TMI-1 required expansion lengths.

— MSLB is also the limiting transients at those plants.

— Required lengths to assess leakage are much longer (i.e., up to about 11”) at these
plants because “...the greatest dilation is at the secondary face of the tubesheet
reducing linearly until the tubesheet flexure results in a compressive force below
the axial mid-plane of the tubesheet.”

— The TMI-1 KE are located near the mid-planes of the tubesheets. Minimum yield

strength at TMI-1 is 41 ksi. 46




6. Inspection Practices/Techniques

o Issue:

“...a. On page 23 of the August 16, 2004, report, the licensee indicates that if
"localized" degradation occurs at a KE, then the scope of the inspection will not be
expanded to 100%. The specific example given was damage from a maintenance
tool. If growth or new degradation is occurring, the scope should be expanded to
100%. It is not clear what other "localized" degradation could be occurring.
Discuss the intent of this statement.”

- Exelon Response:

— TMI-1 intends to revise the report to require 100% of the inservice kinetic
expansions in both generators be examined during each planned steam generator

examination. TMI-1 will revise the subject report section as necessary to dovetail
with this revision.

— This is an approximately $1.5M and 3-day duration commitment during the next
2005 outage. Similar additional costs are expected to be incurred for the 2007
scheduled inspection.
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6. (cont’d) Inspection Practices/Techniques

e Jssue:

“...b. On page 23 of the August 16, 2004, report, the licensee states that if growth of
existing degradation or initiation of new degradation in the KE region is detected,
then an examination of 100% of the KEs in the affected generator(s) will be A
undertaken. However, the proposed statistical tests combine data from both
steam generators because there is a limited data population in the "B" steam
generator. Therefore, the NRC staff assumes the 100% scope expansion would

occur in both steam generators. Please confirm this assumption.”

* Exelon Response:

— TMI-1 intends to revise the report to require 100% of the inservice kinetic
expansions in both steam generators be examined during each planned steam
generator examination. TMI-1 will revise the subject report section as necessary (o
dovetail with this revision.
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» Jssue:

6. (cont’d) Inspection Practices/Techniques

.c. The licensee states that the eddy current measurements always result in

conservative overestimates of the flaw size. This is attributed to lead in and lead
out affects and the flaw being small in comparison to the coil field. How did the
licensee confirm that measurement uncertainty is not a function of flaw size (i.e.,
is there a flaw size beyond which the flaw size could be underestimated (at a 95%
confidence level))? In addition, did the licensee confirm that the 95% confidence
levels on uncertainty for cracks and for volumetric IGA (i.e., non-notch specimens)

when analyzed separately from the notch data still result in overestimates of the
flaw size?”

-+ Exelon Response:

The average measured length for the sizing study actual PWSCC and ID 1GA flaws still
indicated an overestimate of flaw length.

TMI did not do a study to determine where eddy current measured length may become
non-conservative due to probe coil size because the flaws encountered at TMI are
relatively small and the sizing study results generally bounded the in-generator conditions.
There has not been a great deal of industry study on ECT performance {or short PWSCC
flaws in expanded tubing.

During last outage (Outage 15R) no indications measured greater than 0.60” axial or circ
length. Out of greater than 1100 indications measured only eight had a measured circ
length greater than 0.40” and none exceed 0.40” axial length.
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Exelon Response (continued):

- Not very important where the sizing error becomes non-conservative because TMI-1
K.E. flaws are relatively smali:

Measured K.E. Flaw Sizes During 2003 Outage

Inches Vol Axial Vol Circ  Circ Circ Ext

0.00 10 0.10 230 92 0
0.111t00.20 715 769 34
0.211t00.30 47 126 54
03110040 - 3 7 15
0.41 to0 0.50 0 1 4
0.51 10 0.60 0 0 3
Total 995 995 110 1105
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*Exelon Response (continued):

—Actual OTSG flaws in the sizing qualification are as follows:

. Six lab-grown PWSCC flaws ranged from 0.08” to 0.32” in length

. Nine TMI ID IGA flaws ranged from 0.02” to 0.066” axial length and
0.016” to 0.032” circ length. (Eddy Current generally measured 3 to 7
times larger than actual.)

Measured average of the actual OTSG flaws still indicated a conservative
measurement.
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6. (cont’d) Inspection Practices/Techniques

o [ssue:

“...d. Discuss the inspections performed of the parent tube/sleeve assembly in the
upper tube sheet region. Describe the flaw acceptance criteria utilized for the
portion of the sleeve/tube assembly located in the tube sheet.”

* Exelon Response:

* All TMI-I1 sleeves are 1-690.
« Flaws in TMI-1 sleeves are ‘plug-on-detection’.

« The parent tube, behind the sleeve in the kinetically-expanded region, has been removed
from service and is not examined.




7. Other Issues

Issue:

“...a. The~proposed reporting requirements should be supplemented to include the
KE length and the tubesheet radius associated with each tube with degradation in
the KE region.”

Exelon Response:.

» Exelon agrees to revise the report to require this information.
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7. (cont’d) Other Issues

e [ssue:

“...b. Discuss the axial loads simulated during insitu pressure tests for the purposes
of demonstrating structural and leakage integrity.”

e Exelon Response:

« Insitu pressure tests have not been performed on kinetic expansion flaws (--
due to the presence of the tubesheet ‘behind’ the flaws and questionable ability
to seal in the damaged tubing above the kinetic expansions.) ' A

* Numerous freespan flaws have been in situ pressure tested, including some
with additional axial loads.

* Axial loads, when applied, were consistent with loads resulting from the
thermal-hydraulic analyses for leakage.
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7. (cont’d) Other Issues

e Issue:

“...c. The number of tubes in Section 1.3.2.39 of the revised Updated Final Safety Analysis Report
pages does not add up (i.e., the number of tubes in-service versus the number of tubes plugged
do not correlate). Discuss this inconsistency.

» Exelon Response:

* The FSAR text reads:

“... Of the 31,062 tubes in both steam generators, 29,838 with no known defects
below 16 inches from the primary (top) surface of the UTS were repaired by
kinetic expansion and returned to service. A total of 347 tubes had been removed
from service by plugging prior to the start of the kinetic expansion repair program.
An additional 1195 tubes with greater than 40 percent through-wall indications 16
inches or more below the primary surface of the UTS were removed from service
by plugging after kinetic expansion. Additional tubes may be plugged each
refueling outage and a report filed with the NRC as required by Technical
Specifications....”

» Exelon proposes to revise these sentences to both clarify and update
them.

55




TMI-1 MSLB ANALYSIS FOR GENERATING INPUTS TO
DEFINE THE OTSG TUBE LOADS
(RAls FROM SRXB)

e [Issue:

.. 1) Please confirm that the methodology and input assumptions used for your

MSLB analysis for generating inputs to define the OTSG tube load are consistent
with that used in the MSLB analysis documented in Section 14.1.2.9. Identify any
deviations from the licensing basis methodology, analysis assumptions and initial
conditions and provide proper justification for such deviations.”

» Exelon Response:

MSLB analysis for OTSG tube loads was not the same as the MSLB analysis for
DNBR/Containment Response, which is described in the bulk of Section 14.1.2.9.

MSLB analysis for tube loads deliberately used conservative conditions for the steam
generator tubes.
— “MSLB Analysis for OTSG Tube Integrity”, GPUN Calculation C-1101-900-E610-
061
— “TMI Main Steam Line Break at 2569 MWt”, GPUN Calculation C-1101-900-
E610-043

There are a number of differences. For example, in MSLB for OTSG loads calculation,
BOL reactor kinetics are used to minimize the temperature of the primary. In MSLB for
DNBR/Containment response analyses, EOL reactor kinetics are assumed.
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TMI-1 MSLB ANALYSIS FOR GENERATING INPUTS TO
DEFINE THE OTSG TUBE LOADS
(RAIs FROM SRXB)

e Issue:

“...2) Provide the justification for why a reactor trip setpoint of 1900 psig plus a 30 psi
error will result in a conservative calculation with respect to SG tube temperature
for OTSG loads.”

> Exelon Response:

— Tube axial tensile loads are aggravated by a cooler primary and warmer secondary
(tube-to-shell delta T is maximized). '
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TMI-1 MSLB ANALYSIS FOR GENERATING INPUTS TO
DEFINE THE OTSG TUBE LOADS
(RAls FROM SRXB)

o Jssue:

“...3) In long term analysis, operator actions are credited in the analysis. Please
confirm that all operator actions credited in this analysis are consistent with the
plant emergency operating procedures (EOPs) at TMI-1 and that the reactor
operators are properly trained on the plant simulators for these operations. Justify
that the time allowed for operator action is adequate, and has been verified on the

plant simulator.”

» Exelon Response:

* Two types of operator action assumptions/credits were made in the analyses:
— (1) Operator actions credited in analysis for successful mitigation of the event, and

— (2) Analysis assumptions about operator actions which ensure that the analysis
produces a bounding conservative result.
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Exelon Response (cont’d):

Terminating EFW within 10 Minutes is clearly Type 1. Controlling SCM at 75F or
higher for RCP NPSH to ensure that OTSG tube leakage is maximized is clearly Type 2.

There are two Type | actions:
— Terminating EFW and controlling TSDT

— Terminating EFW with 10 minutes of a MSLB is accomplished IAW RULE 3 (part
of EOPs). The time critical aspect of this action is recognized in the EOP program
(1001E Encl 8), and the performance time is re-validated if any changes were made
to the EOP which could effect this performance. Controlling TSDT is required
TIAW Guide 14 (part of EOP). There is no specific time requirement for this action.

Operators are regularly traincd on the EOPs.
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e Jssue:

“...4) Please compare the transient curves between the new analyses for OTSG tube
load and the licensing analysis in Section 14.1.2.9 of FSAR. ldentify each
deviation and provide proper justifications. (We noted quite a few differences.)”

» Exelon Response:

— We assume the staff is referring to Figures 14.1-22A and 14.1-22B of the FSAR, .
and the differences between those transient curves and the transient curves in the -
Kinetic Expansion Acceptance Criteria.

— MSLB Analysis for OTSG theoretical tube loads/leakage versus MSLB Analysis
for DNBR and Containment response. (More than 1 MSLB analysis since worst
case for tube loads and dose is not always worst case for DNBR and containment
response)

— Ifthe above is the NRC issue, Exelon agrees to clarify the FSAR Section(s) as
necessary.
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o Issue:

“...5) In Section 14.1.2.9 of FSAR, it is concluded that the results of the analysis
confirm that the maximum temperature differential that occurs in the OTSG does
not produce excessive stress, and steam generator integrity is maintained.
Discuss why this 100 second analysis supports such a conclusion and you[r] new

analysis require[s] both 10 minutes and long term analysis to assess the SG tube
integrity.”

» Exelon Response:

 Original 100 second analysis supported the statements in the FSAR. This analysis was
performed for DNBR and Containment response.

* 1997 longer term analyses (L.e., 600 sec and 84600 sec) were performed to determine
OTSG tube stresses and tube leakage was assumed for the “Environmental
Consequences” section of the FSAR (Sect. 14.1.2.9, c).
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