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DUKE POWER

Noveniber 13,1992

U, S. Nuclear Regulatory Conunission
A'lTN: Document Control Desk
Washington, D. C. 20555

Subject: McGuire Nuclear Station Units 1 and 2
Docket Nos. 50-369, 370
Catawba Nuclear Sation Unit 1
Docket Nos. 50-413
hiethodology for Analysis of the Primary Coolant Loops for
Steam Generator Replacement, Supplement 1

Gentlemen:

Oe: original letter dated Octeber 15,1992, described the proposed methodology for the analysis
e fbe primary coolant loops at McGuire Nuclear Station Units 1 & 2 and Catawba Unit 1 forr

steam generator replacement. Since the B & W replacer sent steam gercratore. have a :dightly
nerer center of gravity and a greater mas thaq the original Westinghouse steam generators, the
NSSS primary coolant loops must be reanalyzed.

)n a telecon on October 28,1992, with your Mr. R. E. Martin and Mr. A. Lee, it was requested
that certain clarifications be made to the original letter. Please find Attachment I which contains
the clarifications incorporated into the original letter along with references as indicated on page
5. In addition, the questions with Duke's responses during the course of the conversation are
included on pages 6-9.

As requested in our previous letter m support af our current steam generator replacement
schedule, a response indicating acceptance is desired from the NRC by December 1,1992, since
the development of analysis models are aheady underway by B & W Nuclear Services. Should
there be any questions concerning this proposal or if additional information is required,
please contact David V. Ethington at (704) 382-6633.

Very truly yours,

r' n ,

k I
o

D. L. Rehn, General Manager
Nuclear Services
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Attachment 1 l

l
'

Duke Power Company
Methodology for Analysis of the Primary Coolant Loops at McGuire Nuclear
Station Units 1&2 and Catawba Unit 1 for Steam Generator Replacement

IDitoduction
The existing Westinghouse model D2/D3 steam generators installed in McGuiro
Nuclear Station Units 1 & 2 and Catawba Unit 1 are suffering from tube degradation
problems. Duke Power has decided that the most coat effective solution to these
problems is to replace the steam generators in each unit. Accordingly, an order has

,

'

been placed with B&W Intemational for twelve replacement steam generators. The
B&W replacement steam generators have a slightly higher center of gravity and a
greater mass than the~ original Westinghouse steam generators. These changes
require that the NSSS primary coolant loops be reanalyzed. The reanalysis effort
consists of a parametric study of the reactor coolant system response before and after
steam generator replacement. The parametric study will be performed by Babcock &
Wilcox Nuclear Services Inc. (BWNS) The intent of this parametric study is to show that
the original design basis analysis of the reactor coolant loop is conservative and
therefore is still valid. A new design basis will not be created for the reactor coolant
loop.

Reactor Coolant Looo Analysis
The loading analysis of the primary coolant loop will be divided into two phases with
each using a different loop model. The first phase involves constructing a loop model
with the original steam generator similar to that used by Westinghouse. Gravitu and
seismic loads will be applied to this model consistent with those used by
Westinghouse. The stiffnesses of the component supports provided to Westinghouse
for the original loop analysis will be used in this model. Seismic excitation will be
provided by the floor response spectra at the various elevations at which the NSSS
component supports are attached to the Reactor Building :nterior Structure. Structural
damping in the NSSS math model will be the sams as that used by Westinghouse in
the original analysis. The analytical results from this model will be used to
" benchmark" the analysis assumptions and input data by comparison of the output
results with the original Westinghouse results. The intent of this analysis is to show
that the structural properties of the reactor coolant loop model (mass, stiffness, and
boundary conditions) and the analytical techniques applied to it will give results
comparable to those provided by Westinghouse before the next phase of the NSSS
analysis. Exact duplication should not be expected due to differences in modeling
techniques, analytical methods, computer codes, etc. The loop model will be checked
for only one of the three units which will undergo steam generator replacement. This
will be sufficient to validate the analysis approach as the three reactor coolant systems
are nearly (but nnt exactly) identical.

The second phase of the analysis involves modification of the math model constructed
in phase one to incorporate the replacement steam generators. In this model, more
advanced analytical techniques will be used. The NSSS primary coolant loop wili be
linked to the structural model of the Reactor Building Interior Structure using springs
which represent the individual component supports. Seismic excitation will be
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provid:d by the ground response 1 spectra rather than from the floor response spectra
at the various elevations at whl0h the component supports are attached to the Interior
Structure. This will ret.'uce the seismic input through the elimination of some of the
effects of spectra broadening in floor response spectra.2 ASME Code Case N 411-1,
" Alternative Damping Values for Responso Spectra Analysis of Class 1,2 and 3
Piping" will be used as allowed by Regulatory Guide 1.84 to reduce the seismic input
into the primary coolant loop even further. This code case was previously evawated for
McGuire and Catawba and is includod in the plant FSARs (Section 3.7.1.3) to provide
acceptable altemativo damping values for piping.3 Steady state thermal loads and
gravity loads reflecting the now steam generator will also be considered.

The analysis of the phase two model will be performed using all applicable loadings
and load combinations. New displacements, forces and moments, piping stresses, and
response spectra will be calculated. The static and seismic analysis results will be
compared to those from the phase one model with the original Westinghouse steam
generators (referred to hevein as the " baseline analysis"), in order to show that the
pipe stresses, component loads and component support loads are still valid. If the
results of the loop piping containing the replacement steam generators are less than
that of the baseline analysis model, the stress reports need only be updated to
reference the BWNS calculations. If the results of the loop piping containing the
replacement stoam generators are greater than those in the baseline analysis, the
original Westing.1ouse design reports will be reviewed and updated es necessary.

A flow chart which shows the basic steps that will be followed in the reactor coolant
system analysis is included as Attachment 2.

Pipe rupture loads due to a double ended guillotine break in the primary loop are to
be eliminated due to the use of leak before-break criteria which was previously
approved by the NRC for the reacter coolant systems at both McGuire and Catawba.4
Pipe rupture loads due to breaks on the residual heat removal, accumulator, and
pressurizer surge lines will still be considered cn the model, as well as loads due to a
break in the main feedwater, main steam, and any other applicable secondary side
systems.

The pipe rupture analysis results for the component suppons will be compared to the
original component support loads, if the new loads are bounded by the original results,
the original stress reports will be considered valid. It is considered likely that this will
be the case due to the margins introduced by the use of leak-before-break critoria. If
the component support loads calculated by BWNS exceed the original support loads,
then the component stresses will be shown to satisfy the requirements of the
app!! cable component Design Specification, the ASME Code edition to which the
component was procured, and the plant specific rdAR and either new or revised
stress reports will be issued. A final check will be made to verify that the analyses
supporting the use of leak-before-break criteria are still valid for the revised loop
analysis results.

1 The Reactor Building basomats for both McGuire and Catawba are founded on rock, consequently,
soll/ structure interaction is not a consideration.
2 Refer to NRC Question #7 at end of this. document for additionalinformation,
3 eference 10 and NRC Question #5 at the end of th!s document provide additional information.Ri

( References 11 and 12 provide documentation of NRC staff acceptrance of leak-before-break for4

|- McGuiro and Catawba.
I

Page 2

_ - - . - - .



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

*
.

' McGuire and Catawba are similar plants but they are not identical. Therefore the
modeling and analysis approaches oescribed above must be performed for each

*

plant. The basic techniques tu be used in the analysis are consistent with those
already described in the FSAR for each plant. Some changes may be required due to
the use of different computer pr^ grams, etc. The FSARs will be updated to reflect those
and any other changes.

Reactor Coolant Looo Comoonents
The replacement steam generators will be designed, fabricated, and tested by B&W to
meet the requirements of Duke Power Company Design Specifications MCS 1201.01-
00 0005 and CNS 1201.0100 0004, Section 111 of the 1986 ASME Code, and Chapter i

5 of the plant specific FSARs. All existing piping and components of the NSSS will be
reviewed based on the Code edition to which they were procured.

The reactor vessel and reactor coolant pumps will be reviewed in a manner similar to'

the reactor coolant loop piping. The baseline (phase one piping math model described
above) analysis nozzle loads on each piece of equipment will be commtred with the
nozzle loads from the original Westinghouse primary loop analysk .ro that the s

baseline analysis is valid. The nozzle loads from the analysis contali. ; the
replacement steam generators are then compared to the nozzle loads from the
baseline analysis, if the nozzle loads from the analysis containing the replacement
steam generators are less than the baseline analysis nozzle loads, the _ existing stress
reports will be updated to referenco the BWNS calculations and no further work will be
required. If the nozzlo loads from the analysis containing the replacement steam
generators are greater than the baseline analysis nozzle loads, the original
Westinghouse stress reports wi!! be reviewed and updated as necessary.

| All existing reactor coolant loop components will be reviewed to determine the impact
of the new thermal transients associated with the replacement steam generators. A
fatigue evaluation will be included in this review if necessary, based on a comparison "

between the new and original design transients.

Reactor CoolanLLona_Camoonent suonorts .

The loads from the BWNS ar.alysis of the reactor coolant loop on the component
! supports will be compared to the Duke Power design loads fer each support, if the now

loads are less than the design loads, the calculations will only be opdated to refererce
'

the BWNS calculations. The supports will be analyzed to evaluate any loads which
increase beyond the design loads. Any necessary support modifications will be made.

| lhactor Buildino Structure
j If the loads from the BWNS analysis of the reactor coolant loop on any of the
i component supports increase beyond the design !oads for that support then the
t support will be reanalyzed as stated above. The embedment loads and building

structure loads obtained from the support reanalysis will be compared to the design
loads for the embedment and structure. If the new loads are less than the design,

| loads,- the calculations will only be updated to reference the BWNS calculationsi Any
of the new icads on tne NSSS support embedments and building structures w...ch
increase beyond the design loads will require that the embedment and building
structure be evaluated.

Page 3

|
- _. -- . .- - .-



-
.

'The increased weight of the replacement steam generators will be incorporated into
'

tho solamic analysis of the interior sfructure for each plant._New Reactor Building f!oor
rbsponse spectra will be generated using methods described in Sect!on 3,7 of the
plant FSARs, These spectra, along with the associated frequencias and mode shapes,
will then be compared to the design frequencies, modo shapes and spectra to ensuro
no significant changes have occurred in the building response. -

i
Branch _P_[pina Linqs
The displacements, rotations and responso spectra at branch lino nozzio locations on
the reactor coolant loop and components from the BWNS analyses will be compared '

to those movements and spectra used for the design of the branch piping systems if
the movements and spectra are less, the piping analysis calculations need only be
updated to reference the BWNS calculations, If the movements or spectra increase,
the branch lines will be ovaluated and roanalyzed as necessary,

Any branch lines off of the reactor coolant loop or secondary side lines which are '

rorouted to accommodate the steam generator replacement will be roanalyzed. "

Conclusion
A parametric analysis of the reactor coolant piping at McGuire Nuclear Station Units
1 & 2 and Catawba Nuclear Station Unit 1 provides adequate assurance that the -
design of tha primary coolant loop, major components, component supports, branch
piping systems and the building structures remain bounded by the original plant
design bases after the cteam generator replacement,
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' Questions from 10/28362 Duke Pawer-NRC Tele Conference*

A telephone conferenco call was held on October 28,1992 between representatives
of Duke Power Company and the NRC. Several questions were brought up by the
NRC during the course of this conversation. Answers to those questions are provided
below.

1) Question: Are pipe rupture loads included in the " baseline" analysis?

Response: No. The purpose of the " baseline" analysis is to dernonstrate that the
analysis assumptions and structural proporties of the primary loop
model (mass, stiffness, boundary conditions) will produce seismic
results comparable to those obtained by Westinghouse. Therefore only
gravity and seismic loads will be applied to the " baseline" model.

2) Question: How will we obtain Westinghouse loads used in the original analysis if
they are required?

Response: Duke Power has negotiated an agreement with Westinghouse which
will give us access to information that we might deem necessary.

3) Question: What is the basis of comparison between the " baseline" analysis and the
Westinghouse analysis?

Response: The " baseline" analysis will be ccnsidered acceptable if the results are
within 110% of the West;nghouse results.

4) Question: How will discrepancies in the " baseline" analysis (the i10% variation
mentioned in question #3) be accounted for in the comparicon between
the " baseline" analysis and the final analysis?

Response: Duke Power and BWNS will reconcile any discrepancies in the analysis
results as needed. If the final analysis results are greater than the
" baseline" analysis results then the final results will be compared
directly to the original b~tinghouse results or to the ASME Code
design limits to certify acceptability.

5) Question: What is the justification for using ASME Code Case N-411-1 damping?
How was its use approved previously? Are the requirements of
Regulatory Guide 1.84 satisfied?

Response: ASME Code Case N-411-1 dampirig will be applied subject to the
restrictions of Regulatory Guide 1.84, Revision 28. The use of this
Code Case was previously approvmi for use with direct generation
methods for response spectra in Duke Power Company's snubber
reduction program. No conditions on the use of the Code Case other
than compliance with Regulatory Guide 1.84 were cited. The approval
of the Code Case for use with the direct generation of response sp3ctra

Page 6
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is documented in Reference 10. The restrictions of the Regulatory*

Guide are to be met as follows..

(1) The Code Case will be used consistently for all piping in the !

primary loop model. Regulatory Guide 1.61 damping vahes will
be usod for all other components and structures. Duke Po er 1.= in '

compilance with RG 1.61 per Section 3.7.1 of the Catawba JER
(Reference 4). The McGuire SER does not specifically address
this topic (Reference 3).

(2) The damping will be used only for response spectrum
analyses. The seismic design response spectra used for the
design of all seismic Category I structures, systems, and
components was reviewed in Section 3.7.1 of the Catawba SER
(Referenco 4) and found to comply with the recommendations of
Regulatory Guide 1.60.s The McGuire SER does not specifically
address this topic (Reference 3).

(3) Supports with existing gaps will be reviewed for the effects of
any increased piping movements.

(4) The piping systems to be analyzed using the Code Case do
not contain pipe supports desigred to dissipate energy by
ylolding.

(5) None of the piping systems to be analyzed are subject to
stress corrosion cracking.

.

6) Question: How will different damping values be applied to the different components
in the primary loop model?

Response: BWNS wl!! analyze the NSSS using response spectrum methods and
composite modal damping. Damping values used in the model will be
from Code Case N-411-1 for the piping elements and from Regulatory
Guide 1.61 for the remainder of the model elements. (Section 3.7.1 of
the plant specific FSARs permits the use of N 411-1 damping. See the
previous question for a discussion of Code Case applicability.) ,

Restrictions on the use of the Coda Case, given in Revision 28 of
Regulatory Guide 1.84, require the consistent use of N-411-1 damping
for the piping and the concurrent use of RG 1.61 damping for other
model elements.

The composite modal damping will be applied using the ' tar strain
energy damping method" in the BWNS proprietary computer code
BWSPAN (Reference 16J Damping for model elements other than
piping wth be assumed constant for all frequencies while damping for
piping will be frequency dependent per Code Case N-411-1. The bar
strain energy method of damping is recommended for use in Revision 2
of the Standard Review Plan for Section 3.7.3, " Seismic Subsystem

S atawba and McGuire woro licensed for the same design response spectra.C
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Analysis" through its refererice to SRP Section 3.7.2 (it is referred to as
composite modal damping in that section.) This same method is-

recommended in Section N 1233.2 of Appendix N of Section Ill of the
ASME Boiler and Pressure Vessel Code (Reference 9 - referred to as
subregional modal damping there.) In both the SRP and Appendix N
there are two techniques for applying this method: mass weighted

|
modal damping and stiffn' 's weighted modal damping. BWSPAN uses i

stiffness weighted modal oamping, l

i

1

7) Question: It was s;ated that the use of thc. ground (or basemat) spectra instead of
'

floor spectra will reduce seismic input through the elimination of the
effects of spectra broadening in the floor spectra. How or why is this
beneficial?

Responso: BWNS routinely uses a coupled model in its NSSS analyses. This
approach is supported by Revision 2 of Standard Review Plan Section

!

3.7.2, " Seismic Systora Analysis", which states in Section ll.3.b that the
reactor coolant system "is considered a subsystem bat is usua!!y:

!
analyzed using a coupled rnodel of the reactor coolant system and
primary structure." Coupling of the interior structure and NSSS models
reduces selsmic input in the following ways.

| (1) The four synthetic time histories used to genercte the floor
spectra were developed such that a ground response spectra

'

generated from theso time histories envelopes the Regulatory
Guide 1.60 spectra at most frequenc!es (see Section 3.7.1 of
supplement 1 to the Catawba SER - Reference 4.) The smooth
RG 1.60 ground response spectra was generated to be
inherently conservative. The use of peak broadened ficor
response spectra, which would be reritired input for a
decoupled NSSS model, would Md unnecessary seismic
energy to the analysis.

| (2) The decoupled inoriel cannot account for the offsetting effects
| of the loop on the interior structure and vice versa: the interior *

'

structure model only accounts for the NSSS mass, net the NSS3
stiffness. Stated another way, if the NESS were included b the,

| decoupled interior structure model its stiffness would tend to
reduce the spe . at the floor elevatiors, thus reducing the inputc

i
'

spectra to the loop model. This " offsetting Mfect" is a natural part
of the coupled model.

,

8) Question: Will the generation of new floor spectra be a separate time history
analysis?

Response: The additional mass of the new steam generators will be incorporated
into the interior structure seismic model. New floor response spectra
will be generated for~compar' on witn the design floor response cpectra.

in order to ensure that no significant changes have occurred in the
building response. The new spectra will be generated by either time
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history or direct generation methods as permitted in Section 3.7 of the
'

McGuire and Catawba FSARs.-

9) Question: Provide supporting documentation on the approval of leak before-break '

by the NRC staff for McGuire and Catawba.

Response: Leak before break was approved for McGuire Nuclear Station in the
May 8,1986 correspt,ndence from B.J. Youngblood (NRC) to H.B.
Tucker (DPC), Docket Nos. 50-369 and 50 370. Approval for Catawba
Nuclear Station was granted in the April 7,1987 correspondence from
K.N. Jabbour (NRC) to H.B. Tucker (DPC), Docket Nos. 50-413 and 50- '

414. Both pieces of correspondenco recognize Duke Power
compliance with the April 11,1986 final rule (51 FR 12502) amending
10 CPR Part 50, Appendix A, GDC 4 (Reference 13).

10) Question: How will traceability be maintained for the plant design basis?

Response: Duke Power will ensure that all calculathns, specifications, stress
reports and any other items essential to the documentation of the plant
design basis are revised or updated to reflect any impact due to steam
generator replacement.

11) Question: Provide more specifics on the design specification, ASME Code edition-
and FSAR sections applicable to the design of the replacement steam
gen 6rators.

Response: The replacement stearn generators will be designed, fabricated, and
tested by B&W to meet the requirements of Duke Power Company
Design Specificatbns MCS 1201.01-00 0004 and CNS-1201.01-00-
0005, Section 111 of the 1986 ASME Code, and Chapter 5 of the plant _
specific FSARs. All existing piping and components of the NSSS will be
reviewed based cn the Code edi"on in form at the time of their
procurement.

12) Question: Provide more details on the loop models (i.e. boundary conditions,-
damping, etc ).

Response: BWNS is currently h the process of constructing the loop models and
writing a topical report describing the analytical procedures that they
intend to employ in their analysis. Further information will be available
when these activities are complete.
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Attachment 2

NSSS Primary Loop Analysis Methodology
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