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.- g NUCLEAR REGULATORY COMMISSION
Y

. WASNINGTON, D.C. 3000be001

* ...

. August 2,1999
,

. . ORGANIZATION: Babcock r* Wilcox Owners Group (B&WOG)
|

SUBJECT: SUMMARY OF JULY 19,1999, MEETING WITH B&WOG TO DISCUSS
OPEN ITEMS IN THE DRAFT SAFETY EVALUATION (DSE) FOR
BAW-2248-REACTOR VESSEL INTERNALS

On' July 19,1999, representatives of B&WOG and Duke Energy Corporation (Duke) met with the
' Nuclear Regulatory Commission (NRC) staff to discuss the open items in the DSE for topical
report BAW 2248-Management of Aging Effects for the Reactor Vessel Intemals. A list of
meeting attendees is provided as Enclosure 1. The meeting notice provided a list of issues to be
discussed at the meeting. B&WOG presentation materials discussed at the meeting are

- provided as Enclosure 2.

The staff on May 26,1999, issued a DSE for BAW 2248 Reactor Vessel Internals. This DSE
identified five Topical Report Open items and six Renewal Applicant Action items. By letter

. dated June 29,1999, the B&WOG addressed each topical report open item and recommended
changes to the appropriate sections of BAW-2248. In the meeting, B&WOG discussed DSE'

Open item No.1 concerning a change in dimension that would be required before the reactor'

vesselinternals would not be able to meet its intended 1Jnction. For reactor vessel internals
citems that will receive high fluence, such as the baffle plates and baffle bolts, the B&WOG
representatives stated that any significant effect of void swelling would most likely lead to

': cracking of the baffle bolts. .B&WOG discussed the aging management programs proposed for
baffle bolts and baffle plates that will provide adequate assurance that the void swelling will not
compromise the ability of the reactor vessel intomais to perform its intended function in the

- period of extended operation. The staff provided a report to B&WOG prepared by the Argonne
National Laboratory dated August 31,1998, concerning a preliminary assessment for the review
of void swelling of reactor internals for license renewal. This is provided as Enclosure 3. The

i E B&WOG requested that the staff redirect this issue to the Nuclear Energy Institute and resolvet
the issue on an industry wide basis. In addition, B&WOG committed to revise their response on
void swelling based on the discussion with the staff at the meeting.

Duke provided a table which addressed the six renewal applicant action items. This is attached
as Enclosure 4. Duke discussed the proposed Oconee responses to BAW-2248 renewal

h applicant action items concoming reactor vessel internals and cast austenitic stainless steels [
| |(CASS).i Duke requested a separate meeting with the staff to discuss the management of the I

"- < aging effects of thermal'embnttlement, and possibly synergistic effects with neutron
: embrittlement, on the fracture toughness of CASS reactor vessel components. The staff agreed

', ,.(' to expedite issuing a position on generic renewal issue 98-0030 " Thermal Aging Embrittlement ofdD
" Cast Austenitic Stainless Steel Components". Duke provided a table giving a comparison of yi.- -

g

renewal applicant action items and open items listed in BAW-2248 to open items on the Oconee
,

Y License Renewal Safety Evaluation Report. This table also contains proposed Oconee-specific
0* rssponses to these open items. The staff stated Id provide feedback to Duke on the
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sufficiency of Oconee-specific responses contained in the table. This table is attached as
Enclosure 5.

WWW
Raj K. Anand, Project Manager
License Renewal and Standardization Branch
Division of Regulatory improvement Programs
Office of Nuclear Reactor Regulation

Project No. 683

Attachments: As stated

Distribution: See next page

DOCUMENT NAME:G:\RLSB\ANAND\sumjuly19mtg.wpd
/

OFFICE :LAj' RLSB DEpp,LQpyv RLSB:BC , _ i

NAME pff ' RKAnand RAM RMs'sMan CIGrimes[ ' kr[
DATE 9 AP /99 7 /26 /99 7Cb99 8 /1 /99 '

OFFICIAL RECORD COPY



c
-

)
r- g

Project No. 683 Babcock & Wilcox Owners Group*

Generic License Renewal Program
b

Mr, Rick Edwards Mr. James J. Fisicaro
Framatone Technologies Director, Licensing
1700 Rockville Pike Entergy Operations, Inc.
Suite 525 Route 3, Box 137G
Rockville, Maryland 20852 Russelville, Arkansas 72801

3

Mr. Michael Laggart Earnest L. Blake, Jr., Esq
Manager, Corporate Licensing Shaw, Pitman, Potts
GPU Nuclear Corporation and Trowbridge
One Upper Pond Road 2300 N. Street, N.W.
Parsippany, New Jersey 07054 Washington, DC 20037

l
Chairman Regional Administrator, Region i j
Board of County Commissioners U.S. Nuclear Regulatory Comrnission

]of Dauphin County 475 Allendale Road 1

Dauphin County Courthouse King of Prussia, Pennsylvania 19406
Harrisburg, Pennsylvania 17120

B. Gutherman, Manager !
Mr. J. W Hampton Florida Power Corporation, (GA2A) i

Nuclear Generation Vice President Crystal River Energy Complex |Duke Energy Corporation 15760 W. Power Street !

Oconee Nuclear Station Crystal River, Florida 34428 6708
MC: ONO 1VP
P. O. Box 1439 Mr. William Dornsife, Acting Director
Seneca, South Carolina 29670 Bureau of Radiation Protection

Pennsylvania Department of ;

Mr. John R. McGaha, Vice President Environmenta Resources j
Operations Support Licensing P. O. Box 2063 i

Entergy Operations, Inc. Harrisburg, Pennsylvania 17120 !
P. O. Box 31995 j
Jacksonville, Mississippi 39286 Chairman j

Board of Supervisors j
Regional Administrator, Region 11 of Londonderry Township
U. S. Nuclear Regulatory Commission R.D. #1 Geyes Church Road |
Atlanta Federal Center Middletown, Pennsylvania 17057 i
61 Forsyth Street, SW, Suite 23T85

i
Atlanta, Georgia 30303 Mr. J. E. Burchfield

Compliance Manager
,

Robert L. Gill, Jr. Duke Energy Corporation |
Duke Energy Corporation Oconee Nuclear Site i
Mail Stop EC-12R P. O. Box 1439 l

P. O. Box 1006 Seneca, South Carolina 29679
Charlotte, North Carolina 28201-1006 i
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'Nuclear Energy Institute
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AGENDA LIST
|

,

JULY 19.1999
"

NRC MEETING WITH BABCOCK AND WILCOX OWNERS GROUP (B&WOG)
BAW-2248

(10 CFR PART 54)

NAME ORGANIZATION
|

1. Raj Anand NRC/NRR/ DRIP /RLSL
2. Keith Wichman NRC/NRR/DE/EMCB
3. Allen Hiser NRC/NRR/DE EMCB
4. Joe Sebrosky NRC/NRR/ DRIP /RLSB
5. David Terao NRC/NRR/DE/EMEB
6. Francis Grubebch NRC/NRR/DE/EMEB
7. Stephen Fyfitch Framatone Technologies, Inc.
8. Jeff Gilreath Duke Energy Corporation (Duke)
9. Greg Robison Duke

j10. Bob Gill Duke 4

11. David Forsyth Westinghouse Electric Company
12. Bill Gray Framatone Technologies, Inc.
13.. Bill Macay Energy Operations, Inc. I

.

14. David Whitaker Duke
15. Frank Gregory Framatone Technologies 1

16. Mark Rinkel Framatone Technologies
]17. Dick Wessman NRC/NRR/DE )

18 Lois Lambros NRC/NRR/DSSA/SRXB I

19. Sam Lee NRC/NRR/ DRIP /RLSB

t

!

Enclosure 1

. . _ . _ _ _ . _ -
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9700 SOLITH CASS AVFNIX, AROO!OGi, IWNOls 60439
Tsu: PHONE 630/252 5127

fax 630/252-3250(
.

August 31,1998 '

PC2783 -

'

Dr. C. M. Regan
NRR/DRPM/PDLR
U.S. NRC - Mail Stop 012 015
11555 Rockville Pike
Rockville, MD 20852-2738

Subject: Preliminary Assessment and Ust of Queries for Task Order No.13 of Job Code Number
J-2076 entitled " Review of Vold Swelling of Reutor Internals for Ucense Renewal"

Dear Dr. Regan:

Enclosed for NRC review and comment is a preliminary assessment and a list of queries prepared
by Dr. M. C. Billone on the " Review of Vold Swelling of Reactor Intemals for Ucense Renewal,"
Task Order 13 of J-2076. .

( Please contact either Dr. Billone (x7146) or me If you have any questions reg ~arding the
preliminary assessment and the list of queries.

Sincerely,

c'

Yung Y. Uu
Energy Technology Division

xc: R. Brady
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Preliminary Assess.nent and List of Queries
for Task Order No.13 (JCN J-2076)

' REVIEW OF VOID SWELLING OF REACTOR INTERNALS FOR
LICENSE RENEWAL

.

Industry Position .

The Industry
document TRposition on the issue of void swelling of reactor intemals is summadzed in|

107521 prepared for EPRI in April 1998. Twelve references are cited: the
first four are used to acknowledje the issue of "...' change in dimension' that must be
considered in the license renewa application for baffle /former assembl,y components in
Westinghouse and B&W plants, and core shroud assembly components m CEplants"t the

,

| other eight references are technical references which address the modeling and dstabase for -void sweh
references, g of austenitic stainless steels. Based on the information presented in these '

the Industry concludes that void swehg (dimensional changes) is
" insignificant for the license renewal term, and that no further evaluation is required."...

They add that this conclusion "...is paru'cularly true for plants that have adopted a low-
leakage fuelloading pattern,in lieu of an in-out fuel replacement strategy, that teduces the
end-of-life exposure by about 50%." The Industry conclusion is based on the following
four points listed on page 4-66 of TR-107521:

(1) absence of evidence from current service expedence that void swelling is significant

(2) the results from laboratory studies of Foster, et al.

( (3) the uncertainty of applying LMFBR data to predict void sehg in LWR
environments

(4) continuing studies

Preliminarv Assessment

During the past 30 years of material science and engineering research on the swelling of
austenitic stainless steels (particularly Types 304 and 316), theories and models have
lagged the evolution of the database. Each new set of data, as well as re-interpretations of
previous data, generates new physical interpretations, models and correlations for the
swelling behavior of these matenals. In TR-107521 Ref. 5, Gamer discusses in detail
(over 60 pages) the evolution of the theories, models and database associated with stainless
steel swelling. In particular, he re-interprets previous data to demonstrate why !

i

misconceptions persisted in this area. In subsequent publications (e.g., TR-107521 Ref.
9), he uses newer data to contradict some of the conclusions he documented in Ref. 5. In j

ing to assess the degree of importance of the swelling issue for austenitic stainless steel !

iL reactor intemal components, it is essential to disunguish what is well established in
this area vs. what is pure speculation and/ar large extrapolation from the existing database. j

j

Garner [5] presents convincing evidence that the steady-state swehg rate of Types 316
I

and 304 stainless steels is al vol.%/dpa within a temperature range which may bedependent on the dose rate. This cone
usion appears to be valid for a wide range of

i

elemental impurities and/or solute additions, heat treatments, damage rates, temperatures i

within the swelling temperature window, and temperature history. Based on fast-reactor i

i
data. the steady state swelling rate is characterized by three regimes: an increase from zero |( swelling at =350'C to =l vol.%/dpa at 430*C; uniform steady-state swelling rate of al

1
|

I
. m

_
. . _ . . . . _ _ ._ . . .. -



' '
. .

,

.

..
,

vol.%/dpa from =430*C to =700*C: and a decrease in swelling from =1 vol.%/dpa at
-

=700*C to =800*C. In a subsequent publication 19], Garner suggests that there may be a
j

( downward shift of the swellms temperature boundaries for LWR austrritic steel
components exposed to low damage rates over long periods of time. The acady-state
swelling rate vs. temperatute in a low damage rate environment remains an area of
speculation because the current database is not extensive enough, particularly for the Type
316 and 304 alloys used in commercial U.S. LWRs.

.

More urw "is involved in predicting austenitic stainless steel swelling in the transition
agion (also calIed transient agtme and incubation regime) from zero swelling to steady-
state swelling. Small variations of impurities / solute addidons (e.g., Ti, Si, Zr, and P),

-

heat treatments, operating temperatures, and transmutadon products can have a large irn>act
on the transition region swelling vs. dpa. Combining data from different heats and 3 eat.
treatments of Types,316 and 304 stainless steels in erder to determine swelling trend curves
in the transinon region ca.n lead to invalid conclusions and inaccurate extrapolations.

With the background established in the previous two paragraphs, a preliminary assessment
of the technical basis for the Industry position on void swelling (dimensional change) ispresented as follows:

'

(1) Absence of evidence from current service experience that void
swelling is significant ,

The results of field service experience are encouraging in that only limited swe!!ing (< 1%
hnear change, < 3% volumetric change if swelling is isotro ac) has been observed in
austenitic steel PWR internal components (e.g., Type 304 e/former plates and Type316 baffle former bolts) for damage levels u( experience is limited to visual examinations,p to about 50 dpa. However, the fieldalong with feeler gauge measurements.
Because the components are in service, no destructive examinations have been performed
to detemine the extent of helium bubble and void fonnation which would give some
indicatior of the components to increase in swelling rate per dpa at higher damage levels.
The extraylation of the field experience from 50 to 150 dpa is not meaningful. Other) uncenaint es associated with the field experience have to do with the dpa level, the dose rate'

history, a.id the temperature history of the examined components. If the Indus'.ry
estimations are conect, the shift from an "in-out" fuel replacement to a " low-leakage" fuel
management system may have resulted in lower gamma heating rates, lower dese. rates, and
lower dpa values. Without explicit values for the temperature history, dose rate history and
dpa level, it is difficult to correlate the field service observations with swelling-dependent
operating parameters.

(2) The results from laboratory studies of Forter, et al. [12]

The Foster et al. [12] data are based on cw316SS thimble tubes irradhted in a PWR for
eleven effective full power years at 310 5'C to a damage level of 35 dpa and a helium level
of 208 appm.. While small cavities (= 1 nm in diameter) were observed, which were most
likely finely distributed He bubbles, the swelling was estimated from thin foil samples to be
0.03 vol.%. This estimation has a high degree of uncertainty. The data from this study are
at too low a damage level to allow meardngful extrapolation to damage levels of 100-150
dpa. The authors combine their data with HFIR (nuxed spectrum). FFTF (fast spectrum)
and EBR-II (fast spectrum) data on 20%cw316SS, along with data on a Ti modified
20%cw316SS (PCA). The two alloys differ considerable in Ti content and Si content, as
well as in levels of Ni and Cr. The mixing of the data from different alloys, along with the

C use of higher temperature HFIR and EBR-Il data, to formulate their corniation for
extrapolation of swell.ing at 100 dpa is not convincing, although the authors have done the

.
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best that they could with the data cynilable. In summary, the use of the Foster, et al.
.

.( correlation to extrapolate from damage levels of 35 dpa to 100150 dpa is neither
convincing nor meaningfal.

i

i(3) The uncertainty of applying LMFBR data to predict void sell!ng in
|LWR environments
|

The reviewer agrees that there is a high degree of uncertainty'in ex lating higher-
tem. peramre/ higher-dose-rate LMFBR swehg data to lower-tempera owendose-rate iLWR environments. However, this point underminns item 3 above, as Foster, et al. telied i

heavily on EBR-II data and 400440*C HFIR dr,ta in the formulation of their correlation I
relating swellir:g to dpa. In essence, the data of Foster, et al. at =310*C and 35 dpa and the
HFIR data at 300340*C and 40-60 dpa arpresent a data set with very low values of

{

,

swelling,large scatter,aml relatively high uncertainty. The reviewer believes that data on
the specific types of cw316SS and 304SS used in commercial power plants are needed at
lower damage rates, higher datnage levels, and relevant temperamres (300-400*C). %e
use of data from different heats and types of austenitic stairdess steel irradiated et a wide
range of damage rates, damage levels, and temperamres to form a master swelling curve for
the transient swehg regime does not lead to a correlation which can be extrapolated with
any degre : of confidence to the 100-150 dpa range.

(4) Continuing studies

This reviewer is in agreement with Indusay's recommendation for continued studies:
"However, given the uncertainties involved in predicting the eventual amount of void
swehg for the most affected intemals components, the industry wottld be prudent to
follow or participate in research and development activities that may produce information

( that will determme whether or not swelling would be a potentially significant issue for
PWRs in the future." Given this statement, it is not clear how a recommendation for
closure can be made at this time: " Reference 4 should be modified to find that the effect of
void swelling, which is referred to as "dimenConal changes"is insignificant for the license
renewal term, and that no further evaluation is required."

List of Oueries and Reauests for Additional Information

1. The following information are needed to assess the application of the swehg
database to the LWR reactor intemals:

1.1 What was the composition and amount of cold work of the cw316SS used by
Foster, et al.?

1.2 What is the level of cold work and what is the composition of the 316SS used
for PWR baffle /former plate bolts?

1.3 What is the composition of the 304SS used in the baffle /former plates?

2. For the "in-out" fuel replacement management previously used, Garner, et al. [8]
c&nt* peak metal temperatures of baffle / barrel /former components under steady
state op: ration in the range of 329-393*C. They also calculate 40-year damage levels
as high as 90 dpa, along with He levels of 1350 appm for the cw316SS baffle bolt.
What are the Industry-calculated opdrating conditions (including uncertainties) for
these components?

C '

,

-
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3. Please provide a draft copy of Reference 10 which is listed as "in press" in TR-
*

:( 107521 (April 1998). Please also provide a draft copy of Reference 11, which has
|neither been presented nor published.t
!

4. If the current database is insufficient to extrapolate to a 40. year lifetime, what is the
basis for concluding that void swelling is a non-issue for operation up to 60 years? .

5. Please provide more information on plans for the use of " low-leakage" fuel .
management for PWRs during the license renewal period? What will be the mix of ;

"in out" vs. " low leakage" fuel management schemes during the license renewal
|period?

6. 'Whether void swelling is an issue or not depends greatly on the operating I
temperatures and damage rates during the license renewal period. Please supply-
Industry-calculated damage rates, belium generation rates and temperatures for )

;

austenitic steel intemals of PWRs with the " low-leakage" fuel management system. l

References Listed in TR-107521 for Evaluation of Swelline issue for
Austen1tle Sieel LWR Internals

[5] F.A. Garner, " Irradiation performance of claddh9. and structural steels in liquid metal
reactors," Chapter 6, Nuclear Materials defence and Technolonvr A
Comorehensive Treatment. Volume 10A, VCH Publishers,1995, pp. 419-
543.

[6] F.A. Garner, L.R. Greenwood, a% D.L. Harrod, " Potential High Fluence Response
of Presstre Vessel Intemals Constructed from Stainless Steels," Proceedines.( Sixth Intemational Symposium on Environmental Degradation of Materials in Nuclear
Power Reactors - Water Reactors, San Diego, August 1993, pp. 783 790.

!
[7] F.A. Garner, " Materials Issues Involving Austenitic Pressure Vessel Intemals

Arising from Void swelling and Irradiation Creep," Transactions. American |
Nuclear Society, Volume 71,1994, pp.190-191. l

,

[8] F.A. Garner, M.B. Toloczko, S.I. Porollo, A.N. Vorobjev, A.M. Dvoriashin, and
Yu. V. Konobeev, " Potential hradiation Creep and Void Swelling of Stainless Steel
in PWR Intemals," Proceedines, Eighth inc ational Symposium on
Environmental Degradation of Materials in Nucles. Power Reactors - Water
Recctors, Amelia Island, August 1997, pp. 839-845.

[9] F.A. Garner and M.B. Toloczko, "hradiation Creep and Void Swelling o Austenitic
Stainless Steel at Low Displacement Rates in Light Water Energy Systems," Journal
of Nuclear Materials. Vol. 2 51,1997, pp. 252 261.

[10] S.I. Porollo, A.N. Vorobjev, Yu. V. Konobeev, A.M. Dvoriashin N.I. Budylkin,
E.G. Mironova, and F.A. Garner, " Void Induced Embrittlement of Austenitic
Stainless Steel Irradiated to 73-82 dpa at 335-365'C," Journal of Nuclear
Materials. in press.

[1I) V.S. Neustroev, V.K. Shamardin, Z.E. Ostrvsky, A.M. Pecherin, and F.A. Garner,
' Temperature Shift of Void Swelling Observed at PWR Relevant Temperatures in
Annealed Fe-18Cr-10Ni-Ti Stainless Steel Irradiated at High and Low dpa Rates in
BOR-60," to be presented at the Intemational Symposium on Contribution of
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(12] J.P. Foster, D.L. Porter, D.L. Harrod, T.R. Mager, and M.G. Burke. "316 l
Stainless Steel Cavit
214,1995, pp. 207y Swelling in a PWR,",Igurnal of Nuclear Materials. Vol.215.
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Comparison of
Renewal Applicant Action Items and Open Items of DSE to BAW-2248 ;

To j
Open Items on the Oconee License Renewal SER l

BAW 2248 Oconee License Renewal 5 I
Draft Safety Evaluation items SER Open items h

RENEWAL APPLICANT ACTION |TEMS

1

|

1. Verify BAW 2248 bounds Oconee
|V-

2. Provide UFSAR Summary 3.0 1 v
3. Verify Intended Function of Thermal v-

Shield

4. Provide Baffle Bolt inspection Details 3.4.3.3-4 v
5. Provide plant specific evaluation of 4.2.5.3 2 v
flaw crowth TLAA,

6. Provide plan to obtain data 4.2.5.3-1 v
|

BWOG OPEN ITEMS

3.4.3.2-1 (CASS v-

Pressurizer Spray Head)

1. Void Swelling 3.4.3.2-2 v
2. Commit to Enhanced VT-1 on non- 3.4.3.3-3 V
bolting components

3. Commit to Enhanced VT-1 en RVI 3.4.3.3-5 (also applies to v
CASS components CASS Valve Bodies in

the RCS)
'

3.4.3.3-6 (CASS Vent v v-

Valves)

3.4.3.3-7 (CASS RCP v-

Casings)

4. Fluence estimation See 3.4.3.3-5 above v
5. Neutron Embrittlement See 3.4.3.3-3 above v

Enclosure 5

'
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