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Document Control Desk
US Nuclear Regulatory Commission
Washington, DC 20555

Attention: Dr. Thomas Murley, Director

APPLICATION FOR WITHHOLDING PROPRIETARY
INFORMATION FROM PUBLIC DISCLOSURE

Subject: WCAP-13494 "Catawba Unit 1 Technical Support for Steam Generator Interim Tube Plugging
Criteria for Indications at Tube Support Plates” (Proprietary)

Dear Dr. Murley:

The proprietary information for which withholding is being requested in the above-referenced letter is
further identified in Affidavit CAW-92-356 signed by the owner of the proprietary information,
Westinghouse Electric Corporation. The affidavit, which accompanies this letter, sets forth the basis on
which the information may be withheld from public disclosure by the Commission and addresses with
specificity the considerations listed in paragraph (b)(4) of 10 CFR Section 2.790 of the Commission’s
regulations.

Accordingly, this letter authorizes the utilization of the accompanying Affidavit by Duke Power Company.

Correspondence with respect to the proprietary aspects of the applicat.on for withholding or the
Westinghouse affidavit should reference this letter, CAW-92-356, and should be addressed to the
undersigned.

Please note that WCAP-13494 contains information for which withholding is being requested by the
Electric Power Research Institute (i.¢., all information bracketed and identified by a superscript (g) within
the subject report). Please see the September 17, 1992 letter, A. Kenny, EPRI, to Marv Hazeltine (Duke
Power Company). Correspondence with respect to the proprietary aspects of the Electric Power Research
Institute (EPRI) information should be directed to Mr. Arthur Kenny of EPRI, 3412 Hillview Avenue,
P.O. Box 10412, Paio Alto, CA 94303).

Very truly yours,

Nicholas J. Lipartld, Manager
Nuclear Safety and Regulatory Issues
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Proprietary Information Notice

Transmitied herewith are proprietary and/or non-proprietary versions of documents furnished to the
NRC in connection with requests for generic and/or plant-specific review and approval.

In order to conform 1o the requirements of 10 CFR 2.790 of the Commission's regulations concerning
the protection of proprietary information so submitted to the NRC, the informaticn which is proprietary
in the proprietary versions is contained within brackets, and where the proprietary information has been
deleted in the non-proprietary versions, only the brackets remain (*he information that was contained
within the brackets in the proprietary versions having been deieted). The justification for claiming the
information so designated as propristary is indicated in both versions by means of lower case letters (a)
through (g) contained withiu parentheses located as a superscript immediately following the Lrackets
enclosing each item of information being identified as proprietary or in the margin opposite such
information. These lower case letters refer to the types of information Westinghouse customarily holds
in ¢onfidence identified in Sections (4)(ii)(a) through (4)(ii)(g) of the affidavit accompanying this
transmittal pursuant to 10 €< "90(b)(1).
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one half to one third of the SCC depth. Patches of cellular
IGA'ODSCC formed by combined axial and circumferential
orientation of microcracks are freguently found in pulled tube
examinations. Axial cracl segments have been the dominant flaw
feature affecting the structural integrity of the pulled tube
specimens as evidenced by results of burst tests performed for
17 of the pulled TSP intersections prior to sectioning.

Technical Specification 4.4.5.4,a.6, Plugging or Repair Limit,
regquires that tubes with imperfections exceeding 40% of the
nominal tube well thickness be repaired by sleeving or removed
from service by plugging. This repair criterion would result
in unnecessary removal of significant numbers of SG tubes from
service, The interim plugging criterion is proposed to
preclude this.

Duke Power’s August 24, 1992 letter requested interim
modifications to the tube repair limit and primary-to-seccndary
leakage limit in the Technical Specifications for the 7th
operating cycle only. The proposed modifications to the tube
repair limits include a one volt repair criterion for flaws
confined to the thickness of TSP in lieu of the currently
applicable depth-based limit of 40%., This repair criterion is
more restrictive than the present limit. This criterion would
only apply to ODSCC degradation confined to within the
thickness of the TSPs.

TECHNICAL SPECIFICATION CHANGES

Catawba Unit 1 Technica.i Specification 4.4.5.4.a.6, Plugging or
Repair Limit, and Bases 3/4.4.5, Steam Generators, are revised
to specify that the repair limit at the TSP intersections for
the seventh operating cycle is based on the analysis in WCAP-
13494 to maintain G tube serviceability as described below:

a. An eddy current inspection using a bobbin of 100% of the hot
leg TSP intersections and down to the lowest cold leg SG TSP
intersections with known outside diameter stress corrosion
cracking will be performed for tubes in service.

b. Degradation with:n the bounds of the TSP with a bobbin
voltage less than or egqual to 1.0 volt will be allowed to
remain in service.

c. Degradation within the bounds of the TSP with a bobbin
veltage greater than 1.0 volt will be repairea or plugged
except as noted in d. below.

d. Indications of potential degradation within the bounds of
the TSP with a bobbin voltage greater than 1.0 volt, but
less than or egqual to 2.5 volts, may remain in service if a
rotating pancake coil probc (RPC) inspection does not detect
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degradation. Indications of degradation with a bobbin
voltage greater than 2.5 volts will be plugged or repaired.

Catawba Unit 1 Technical Specification 3.4.6.2 and Bases
3/4.4.5 are revised to swecify that, for the seventh operating
cycle only, primary-to-secondary leakaqe through all SGs shall
be limited to 0.4 gpm total reactor to secondary and 150 gpd

throughk any one SG Primary~-to-secondary leakage during a
steamline break (£ 3) will rot exceed one gpm.
Inspection Issues

With the exception of a probe wear standard, eddy current test
guidelines were utilized which ensure that the field bobbin
indication voltage measuroments were obtained in a manner
consistent with hew the voltage limit was developed for the
I1PC. These guidelines define the bobbin specification,
calibration requirements, sp2cific acguisiti~n and analyses
criteria, and flaw recording guidelines to be used in the

inspection of the steam generators. To supplement these
guidelines, all voltage indications less than .0 volt were
recorded. All flaw indications, regardles of voltace

amplitude, have been recorded.

The proposed bobbin inspection program is consistent with the
development of voltage-based repair limits; namely, the
establishment of the relationship between burst pressure and
bobbin voltage. In addition, an RPC sample inspection of tubes
at TSP intersections was performed. Catawba inspecced most
dents, a sample of indications with unusual phase angles, and
all artifacts. The RPC can provide improved resolution of flaw
indication as compare. to the bobbin probe in the presence of
dents and artifacts, and is sensitive to both axial and
circumferential flaws. In addition, tubes in the RPC sample
program, which exceed the 1.0 volt bohbin IPC limit and had RPC
ce.firmed indications were plugged or repaired.

Catawba 1 RPC inspected TSP intersections exhibiting bobbin
indications exceeding 1.0 volt, but less than 2.5 volts. The
RPC inspections permitted characterization of the indications
found by the bcbbin to confirm or deny the existence of any
actual tube degradation. The proposed repair limit is based on
axially oriented ODSCC as "he dominate degradation mechanism
with some IGA involvement. The proposed limit is also based on
the nremise ~ 't any significant degradation is confined to the
T3P. Ther -~ no unforeseen RPC findings relative to the
characteris .s of the flaws at the TSPs. Unforseen finiings
would have included any detectable circumferential indication
or detectable indications extending outside tne thickness of
the TSP.
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Structural Integrity
Burst Integrity

A burst strength/voltage correlation has been developed to
demonstrate that bebbin indications satisfying the proposed 1.0
volt interim repair criterion will retain adequate structural
margins auring Cycle 7 operation, consistent with the criteria
of Regulatory Guide 1.121, The burst strength/voltage
correlation for 3/4"™ tubing includes the burst pressure versus
field bobbin voltage data (pre~pull values for 8 pulled tubes
{10 TS8P intersections) including 2 TSPS from Catawba Unit 1.
This pulled tube data is supplemented by 47 data points from
laboratory tube specimens containing ODSCC flaws produced in
model boiler tests under simulated field conditions. The
bobbin voltage data uged to construct the burst
pressure/voltage correlation has been normalized to reflect
calibration standard voltage set-ups and voltage measurement
procedures oconsistent with the NDE Data Acquisition and
Analysis Guidelines in WCAP~13494, This normalization ensires
consistency among the voltage  data in the burst
pressure/voltage correlation and, in addition, ensures
consistency between the voltage data in the correlation and
field voltage measurements at Catawba Unit 1.

The most limiting burst pressure criterion of Regulatory Guide
1.121 is that degraded tubes shall retain a margin of three
against burst at normal operating differential pressure across
the tube. For Catawba Unit 1, this translates to a limiting
burst pressure criterion of 3750 psi. From the burst
pressure/voltage correlation, the maximum veltage which will
satisfy this burst pressure criterion at a 95% confidence
intervals is 4.1 volte. The 2.5 volt IPC limit, specified in
WCAP~13494 includes a 22% allowance for NDE measurement
uncertaincty and for a 45% increase during the next operating
cycle. The NDE measurement uncertainty estimates considered
uncertainties stemming from bobbin design characteristics,
bobbin wear (which affects centering), vari bility in American
Soc.ety of Mechanical Engineers (ASME) ca .ibration standards,
and variability in the analysts’ interpretation of the signal
voltage. The NDE Data Acquisition and Analysis Guidelines were
used to minimize the uncertainties as they apply to the interim
criteria, Based on implemantation of these guidelines, a
cumulative probability distribution of the residual measurement
uncertainty (applicable to each bobbin indication) has been
developed. The assumed 22% uncertsinty in the voltage
measurements is conservative with respect to the upper 90%
cumulative probability value as determined from the cumulative
probability distribution.

Potential flaw growth between inspections has been evaluated
based on observed voltage amplitude changes during Cycles 5 and
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Staff generic risk assessment for SGs (NUREG~0844). Over time,
the number of indications found betweer 0 and 3.5 volts can be
expected to increase.

Therefore, the IPC proposal (invelving the 1.0 volit repair
criterion) includes a provision for determining the probability
of burst at SLB conditions following each outage for
indications left in service to confirm the continued adequacy
of the repair criterion.

WCAP-13494 demonstrates that the proposed 1.0 volt interim
criterion will provide adeguate assurance that tubes with
indications which are accepted for continued service will meat
the burst pressure criteria of Regulatory Guide 1.121 The
bounding value of voltage growth/cycle at Catawba Unit 1 has
not exceeded 2.77 volts including an adjusted increase over
Cycle 6 for the longer operation planned for Cycle 7. This
2.77 volts represents a bounding value assuming no increase in
corrosion rates over what has been obscrved previously at
Catawba Unit 1. Assuming a 22% voitage measurement uncertez . nty
(90% cumulative probakility value ) for a 1.0 velt indication
.eft in service, the EOC voltage is expected to be bounded by
4.0% volts. This is below the 4.1 voltage limit evaluated as
the lower 95% confidence limit for meeting the most limiting
burst pressure criterion (i.e., three times normal operating
pressuire differential).

As part of the interim repair criteria, indications with bobbin
voltages greater than 1.0 volt, but less than or equal to 2.5
volts will remain in service if RPC inspection does not confirm
the inaication, fhort and/or relatively shallow cracks that
are detectable by the bobbin may sometimes not be detectable by
RPC, although the RPC ieg considered to be more sensitive to
longer, deeper flaws which are of structural significance.

Burst strength is not a unigue function of voltage, rather, tor
a given voltage, there 1s a statistical distribution of
possible burst strengths as indicated in the Dburst
pressure/voltage correlation, Burst pressures for bobbin
indications which were not confirmed by RPC will tend to be at
the upper end of the burst pressure distribution., The 2.5 volt
cutoff, at which all bobbin indications would be plugged or
repaired (with or without confirming RPC indications), provides
additional assurance that all excessively degraded tubes will
be remnoved from service.

Combined Accident lLoadinas

The effects of combined safe shutdown eartnquake (SSE) and
loss~of-coolant accident (LOCA) loads and SSE plus SLB loads on
tube integrity, consistent with the General Design Criterion 2
(GDC=1) of 10 CFR Part 50, Appendix A have been evaluated. A
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dynamic blowdown analysis is performed to obtain the system
hydraulic forecing functions assuming an instantaneous (1.0 msec
break opening time), double-ended guillotine break, The
hydraulic forcing functions are, when applied along with the
digplacement time~history of the reactor pressure vessel
fobtained from a separate reactor vessel biowdown analysis) to
a system structural model that includes the 8G, the reactor
coolant pump, and the primary piping. This analysis yields the
time~history displacements of the SC at its upper lateral and
lower support nodes. These time-history displacements
formulate the forcing functions for obtaining the tube stresses
due to LOCA shaking of the SG.

In calculating a combined TSP load, the LOCA rarefaction and
LOCA shaking loads were combined directly, while the LOCA and
SS8E loads were combined using the square root of the sum of the
squares. The o.erall TSP load was transferred to the SG shell
through wedge groupe located at discrete locations around the
plate circumference.

The radial loads dvue to combined LOCA and SSE could potentially
result in yielding of the TSP at the wedge supports, causing
some tubes in the vicinity of the wedge supports to be
deformed. Utilizing results from recent tests and analysis
programs, Catawba has shown that tubes will undergo permanent
deformation if the change in diameter evceeds a minimum
threshold value. This threshoid for tube deformation is
related to the concern for tubes with preexisting tight cracks
that could potentially open during a combined LOCA plus SSE
event ., For Catawba Unit 1, the LOCA plus SSE lecads (using
large break forces) were determined to be of such magnitude
that a limited number of the tubes (which are assumed to
contain preexisting tight cracks) are predicted to exceed this
deformation threshold value and, therefore, can lead to
significiant tube leakage. The IPC will not be appliea to these
tubes.

The effoct of SSE bending stresses on the burst strength of
tubes with axial cracks has been assessed, Tensile stress in
the tube wall would tend to close the cracks while compressive
stress would tend to open the cracks, On the basis of
previcusly performed tests, it has been concluded that the
burst strength of tubes with through-wall cracking is not
affected by an SSE event,

Base® on information provided it can be concluded that, at
Catawba Unit 1, limited tube deformation can occur during an
SSE plus LOCA event. However, the potential for in-leakage is
nullified by not permitting the IPC to be applied to the
subject tubes. In additionrn, burst strength of tubing with
through-wall cracks is not affected by an SSE event.



Leakage Integrity

As discussed earlier, a number of the indications satisfying
the proposed interim 1.0 volt repair limit can be expected to
have or to develop through-wall and/or near through-wall crack
penetrations during the next cycle, thus creating the potential
for primary-to-secondary leakage during normal operation,
transients, or postulated accidents. Adegquate leakage
integrity during normal operating conditions is assured by the
proposed restrictive Technical Specification limits on
allowable primary~to-secondary leakage. Adequate leakage
integrity during transients and postulated accidents is
demonstrated by showiny that, for the most limiting accident,
the resulting leakage will not exceed the total primary to
se~ondary leak rate assumed in the FSAR.

The Catawba Nuclear Station Final Safety Analysi  <eport
(FSAR), Chapter 15, identifies accidents which r 4lt in
secondary eteam release causing the consequences of these
accidents to be affected by the amount of primary to secondary
leakage. Of these accidents, the SLB was determined to be the
most=limiting. 1In this case, since the SG in the faulted loop
is subject to dryout, the active release path is conservatively
assumed to be direct to the environment, without any mitigation
resulting from mixing with secondary liquid coolant in the 8G.

For the purpose of supporting the interim ropair limit
proposal, Catawba has proposed that the maximun allowable
primary-to~secondary leak rate during SLB be 1.0 gpm. The
offsite dose using the IPC is bounded by the current FSAR dose
for SLB.

The SLB leakage calculation model uses a correlation between
leakage test data obtained under simulated SLB conditions (at
a given TSP lcnration), and tne corresponding normalized bobbin
voltage (SLB leakage/voltage correlation). The 3/'" tubing SLB
leakage data includes 32 data points from the wodel boiler

specimens described earlier. Inclusion of the evaluated
pulled tube data in the leakage correlation has been shown to
result in negligible change to the correlation. The

calculation method involves establishing the voltage
distribution of the indications being accepted for continued
service. Probability distributions of voltage measurement
uncertainty voltage growth/cycle, and SLB leak rate versus
voltage are accounted for by Monte Carlo techn.¥ .s in
predicting the distribution of EOC voltages. One hundred
thousand Monte Carlo simulations of tle EOC distribution of
indication are performed. SLB leakage is evasiated at the 90%
cumulative probability level utilizing a 2.0 volt threshold for
SLB leakage. Under the extreme assumption c¢f no leakage
threshold, the potential SLB leakage would be 0.67 gpm.
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Based on the voltage distributions found during previous
inspection (1991) at Catawba Unit 1, and assuming
implementation of the 1.0 volt repair criterion, the estimated
leakage during a postulated SLB at EOC7 was 0.54 gpm at the 90%
cumulative probability level.

In support of the one volt interim repair criterion, the
above analysis will be updated to consider the distribution of
voltages for indications satisfying the one volt criterion
during the next refueling outage inspection if voltages deviate
from the original simulation and, therefore, are not bounded by
the original analysis. The analysis will also reflect the
distribution of voltage changes observed during Cycle 7 (i.e.,
1990 to 1992).

In addition to the above analysis, primary to secondary leakage
at EOC for SLB was verified to be below 1.0 gpm assuming a
deterministic calculation method. The method consisted of the
following:

Determine the end-of-cycle (EOC) voltage distribution in
termg of the number of indications falling intec each of the
following EOC voltage ranges:

<2.0 volts
»2.0 to 3.5 volts
»3.5% volts

Acceptable methods for determining the EOC voltage
distribution include:

= The methodology described in WCAP-13494. This involves
sampling of the cumulative probability distributions of
NDE measurement error and of voltage growth during the
most recent operating cycle using Monte Carlo techniques
and applying the results to the beginning-of-cycle (BOC)
voltage distribution,

A simplified approach may be used as an alternative (to
the WCAP-13494 approach) provided it provides for a
conservative treatment of the tails of the cumulative
probability distributions of NDE measurement error and of
voltage growth to the 100% cumulative probability values,

SLB leakage as a function of EOC voltage shall be determined
as follows:

EQC Voltage SLB _Leakage
<2.0 volts

»2.0 to 3.5 volts 1 liter/hour
»3.5 volts 10 liters/hour
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The Monte Carlo method for determining the EOC voltage
distribution was applied for the BOC 7 voltage distribution.
The analysis usging the above stepwise change in leak rate
resulted in a potential SLBP leak rate of about 0.01gpm.

Proposed Interim Leakage Limits
DRescription

An interim change to the reactor coolant primary to secondary
system leakage 1limit criteria in Technical Specification
3.4.6.2 that is applicable to the seventh operating cycle only
is also proposed. The current 500 gpd limit for primary-to-
secondary leakage through any one 8G is changed to 150 gpd.
In addition, the limit on total leakage through all 85Gs would
be reduced from 1.0 gpm to 0.4 gpm.

Discussion

The current 500 gpd limit per SG is intended to ensure that
through~wall cracks which leak at rates up to this limit during
normal operation will not propagate and result in tube rupture
under postulated accident conditions consistent with the
criteria of Regulatory Guide 1.121. The current 1.0 gpm limit
for total poimary-to-secondary leakage is consistent with the
1.0 gpm total leakage assumed for SLB analyses.

Development of the proposed 150 gpd limit per SG has utilized
the extensive industry data base regarding burst pressure as a
function of crack length and leakage during normal operation.
Based on leakage evaluated at the lower 95% confidence interval
for a given crack size, the proposed 150 gpd limit would be
exceeded before the crack length reaches the critical crack
length for SLB pressures, Based on nominal, best estimate
leakage rates, the 150 gpd limit would be exceeded before the
crack length reaches the critical length for three times normal
operating pressure.

The proposed interim change is more restrictive than the
existing limits and is intended to provide a greater margin of
safety against rupture. The proposed interim limits are also
intended to provide an additional margin to accommodate a rogue
crack which might grow at much greater than expected rates, or
unexpectedly extend outside the thickness of the TSP, and thus
pﬁozide additional protection against exceeding SLB leakage
limits,

summary

Based on the above evaluation, it can be concluded that the
proposed interim tube repair limits and leakage limits will
ensure adequate structural and leakage integrity of the SG
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tubing at Catawba Unit 1, consistent with applicable regulatory
1 \quirements.
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