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Septembter 28, 1992

United States Nuclear Regulatory Commission
Attention: Document Control Desk
Washington. D. C. 20555

Serial No.
NL&P/CGL
Docket Nos.

92-211 B
R2
50-338.
50-339

License Nos. NFP-4
NFP-37

Gentlemen:

VIRGINIA ELECTRIC AND POWER COMPANY
NORTH ANNA POWER STATION UNITS 1 AND 2.UPPLEMENT TO RESPONSE TO GENERIC LETTER 92-01
REACTOR VESSEL STRUCTURAL INTEGRITY

In a Juno 29, 1992 letter (Serial No. 92-21 1A), Virginia Electric and Power Company
provided the response to Generic Letter 92-01 for North Anna Units I and 2. This
information was documented in B&W Nuclear Service Company Report BAW-2168,
dated June 1992 and entitled fResponso to Generic Letter 92-01 for Virginia Electric
and Power Company North Anna Unit I and North Anna Unit 2."

During a September 18, 1992 conference call, Mr. Barry Elliott of the NRC requested a
copy of B&W Report BAW-1911 Revision 1, which is referenced in Report BAW-2168.
In reply to that request, enclosed is a copy of B&W Report DAW-191 I Revision 1. dated
August 1986 and entitled "Reactor Pressure Vessel and Surveillance Program
Materials Licensing Information for North Anna Units 1 and 2."

Also related to our June 29. 1992 transmittal, the following information is provided.
During a follow-up review of the supporting calculations for Report BAW-2168, B&W
determined that a discrepancy existed in the Units I and 2 Table 10 Columns 3 and 6.
This discrepancy consisted of B&Ws use of the reported copper and nickel chemistry
contents for the bollline materials for Forging 03 (Unit 1) and Forging 04 (Unit 2) in the
calculation of the predicted ARTNDT + 2a and the predicted CvUSE in lieu of the
Contents for the surveillance materials. Since the chemical composition differences
between the beltline forgings and the surveillance materials are small, the resulting
changes are insignificant. Specifically. the resulting changes are:
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0 In the North Anna Unit I Table 10 for Forging 03, the Column 3 values of Predicted
ARTNDT + 2a changed from 106"F and 143'F to 1 10F and 1500F. respectively.

0 In the North Anna Unit 2 Table 10 for Forging 04, the Column 3 values of Predicted
ARTNDT + 2a changed from 70TF and 91rF to 81 OF and I I0F, respectively.

a In the North Anna Unit 2 Table 10 for Forging 04. the Column 6 values of Predicted
CVUSE Drop changed from 9 ft-lb and 12 ftllb to 10 ft-lb and 14 ft-lb. respectively.

Revised pages reflecting these changes are attached for temporary insertion into the
North Anna report. A future transmittal will provide a Revision 1 version of Report
SAW-2168 including those changes. The conclusion reached In our response to
Generic Letter 92-01 for North Anna remains valid and is that North Anna continues to
be in compliance with applicable regulations governing reactor vessel integrity.

If you have questions or require additional information, please contact us.

Very.truly ours.

Senior Vice President - Nuclear

'nclosure - B&W Report BAW-1911 Revision 1. 'Reactor Pressure Vessel and
Surveillance Program Materials Licensing Information for North Anna
Units I and 2

Attachments: Revised Table 10 from BAW-2168 for North Anna Unit 1
Revised Table 10 ftrm BAW-216B for North Anna Unit 2

cc: U. S. Nuclear Regulatory Comm'ssion
Region II
101 Marietta Street, N. W.
Suite 2900
Atlanta, Georgia 30323

Mr. M. S. Lesser
NRC Senior Resident Inspector
North Anna Power Station

Mr. A. W. Robinson
B & W Nuclear Service Company
3315 Old Forest Road
P. 0. Box 10935
Lynchburg, VA 24506-0935
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COMMONWEALTH OF VIRGINIA )
)

COUNTY OF HENRICO )

The foregoing document was acknowledged before me. in and for the County and
Commonwealth aforesaid, today by E. W. Harrell. who is Vice President - Nuclear
Engineering Services, for W. L. Stewart who is Senior Vice President - Nuclear. of
Virginia Electric and Power Company. He is duly authorized to execute and file the
foregoing document in behalt of that Company. and the statements in the document
are truo to the best of his knowledge and belief.

Acknowledged before me this ., day of , i,.19.

My Commission Expires:

Notary Public

I



TABLE 10. -GENERIC LETTER 92-01 RESPONSE: SECTION 3. ITEM c

Subject: Generic Letter 88-11 Response Co=,itrzents; Difference Between Measured and Predicted
(Requlatory Guide 1.99. Revision 2) Erbrittlement Effects

Plant: torth Anna Unit I

Ouestion 1. Does measured !RT,,. exceed ART, + Zo predicted by Requlatory Guide 1.99. Revision 2?

Question I1. Does measured CRUSE drop exceed that obtained from Regulatory Guide 1.99. Revision 2.
Figure 2?

CoitinI I Columr.n 2 Colum-n 3 Column 4 Column 5 Column 6 Colu-m 7,,eri , J RT , 2 CUS C S
BeltMite Measured Predicted ouenstion I Measured Predicted Ouest ion iMaterial ARTID ART#7 -, 20 CRUSE C,,USl

Yes/t1o Drop Drop Yes/NIo

Forging 05 No 14O NIA No NO NA
Forging 04 ND ND NA No fin NA
forging 03 39(1) 110 ?to 25(l) a, Yes(4)

65(2) 150 Ito 0(2) 20 Ito
Weld OSA Nio No NA No inD NA
Weld 058 Ho in HA ND ND 1A
Weld 04 18(l) 64 Yes(3) 3(1) 15 tNo

798 No 3(L ,21 ?to

40TES FOR TABLE 10 ARE ON Tie FOLLOWtiIG PAGE.



TABLE 10 (CONTINULO)

N•OTES 10 TABLE 10:

(1) BAW-1638

(2) WCAP-11771

(3) The only instance where a measured "shift* exceeds that predicted by calculation perforred in
accordance with Regulatory Guide 1.99, Rc-vision 2. is for weld -etal . This result was obtained for
surveillance material representing Weld 04 irradiated to 2.49x40' nvt. This result was not
observed for surveillance material Irradiated to 8.28x13 n.t. Since the iaeasured shift of the
material irradiated to a higher neutron fluence did not exceed the predicted value, It is safe to
conclude that the conservativeness of the Regulatory Guide method was not compromised.

(4) The only instance the measured *drop' in C USE exceeded that predicted by calculation performed in
accordance with Regulatory Guide 1.99, Revision 2 Is for forging 03. This result was not found for
the same material (Forging 03) at a higher fluence and the requirements of IOCFRSO, Appendix G,
were not violated. Because the Odropo datd did not violate regulatory requirerments, and because
there is no further application of the .drop" data, it is concluded that the effect of these
surveillance results is not significant.



TABLE 10. GENERIC LETTER 92-01 RESPONSE: SECTION 3. ITEM c
Subject: Generic Letter 88-11 Response Cor,=itments; Difference Between Measured and Predicted

(Regulatory Guide 1.99. Revision 21 (wbrittlement Effects

Plant: fNorth Anna Unit 2

Question 1. Does measured ART., exceed ART, + Zo predicted by Regulatory Guide 1.99. Revision 2?

Question I1. Does measured CRUSE drop exceed that obtained from Regulatory Guide 1.99, Revision 2,
• Figure 2? _

0 o1umn I Coau:n 2 Column 3 Column 4 Colurn 5 Column 6 Column I

Heltline Measured Predicted Ouest ion I Measured Predicted otestion 11Material ART•i IRTo 01 [US" VU ,
Yes/rio Drop Drop Yes/No

Forging 05 ,ID ND NA" IDo No NA
Forging 04 9(I) 81 No 13(1) 10 Yes(3)

60(2) 110 No 0(2) 14 No
Forging 03 NiD ND A No ND IIA
Weld 05A ND ItD NA Nd "D NA
Weld 058 fnD Ito NA 'ND ND NA
Wreld 04 2(1) 60 Ito 23(I) 18 Yes(3)

13f2) 96 Ito N0o) 25 110

140rES FOR TABLE 10 ARE 0N14 1~E FOtLOWING PAGE.



fABL[ 10 (CONTINdUED)

tNOTES 10 TABLE 10:

(1) BAW.1794

(2) WCAP-12497

(3) the only instances the measured 'drop" in CVUSE exceeded that predicted by calculation performed
In accordance with Regulatory Guide 1.99, Revision 2. is for Forging 04 and Weld 04. This result

was not found for the same material (Forging 04 and Weld 04) at a higher fluence and the
requiirements of IOCFR5O, Appendix G, were not violated. Because the "drop" data did not violate
regulatory requirements, and because there Is no further application of the *drop* data. It is
concluded that the effect of these surveillance restlts is not significant.
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RECOR12-OE REVISIONS

Date -Revision NIJMber

March 1986 0

August 1986 Revision I

Description-

Original Issue

Table 2-2 Corrected
Table 2-7 Corrected
Table 2-14 Corrected
Table 3-1 Corrected
Table 3-2 Corrected
Paragraph '.4 New Paragraph
Paragraph 4.5 flew Paragraph
Table 4-1 Updated
Table 4-2 Updated
Section 7 New Section
Appendix A New Appendix
Appendix B New Appendix
Minor rewrites and corrections
were zade throughout Rovision 1
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1. INTRODUCTION

This report provides a review and update of the materials data
and information for the reactor pressure vessels of North Anna
Units 1 and 2 to ensure that they are in compliance with the
requirements of lOCFRSO, Appendix G. 1 In addition, the reactor
pressure vessel surveillance programs were reviewed for compli-
ance with 10CFRSO, Appendix H. 2  The reactor pressure vessel
surveillance capsule withdrawal schedule was modified to meet
the intent of ASTM E185-823 as referenced by 10CFR50, Appendix

H.

As a result of this review and update the reactor vessels
materials data bases for North Anna Units I and 2 were found to
be in compliance with 10CFRSO, Appendix G. The surveillance
program materials properties data bases are in compliance with

10CFR50, Appendix H and will provide the material data necessary
to ensure continued licensibility of the reactor vessels.

A new reactor vessel surveillance capsule withdrawal schedule
was developed to meet the requirements of ASTM E185-82 as
referenced by 10CFRS0, Appendix H. This now schedule will
provide needed irradiation materials data in a timely manner.

The reason for this review and update is that the reactor

pressure vessels were fabricated and the corresponding surveil-
lance programs were developed prior to the implementation of
1OCFRSO, Appendixes G and H. These regulations recognized that
the older plants could not meet all the requirements and
established guidelines to meet the intent, if not the letter

of -the regulations. In addition, these regulations have boon
revised as experience, new data and analysis capability related
to reactor vessel integrity have developed. A periodic review
and update is necessary to ensure continued compliance with the

regulations.

1-1 Babcock £ WIcoz
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2. REACTOR VESSEL DATA BASES

The establishment of the mechanical and toughness properties of
reactor pressure vessels in accordance with applicable
regulations and standards is an essential aspect of the licens-

ing process. As those rules are improved it is necessary to
ensure that the data used for licensing of the reactor vessels

are representative of the best information and materials

properties available for each specific reactor vessel. The data

are also essential in establishing the normal pressure-tempera-
turo operating limitations as required by lQCFR50, Appendix G.

~J!rthAnna Unit

The materials and chemical composition data for the Nlorth Anna
Unit 1 reactor vessel are presented in Tables 2-1 through 2-6.
These data represent an accumulation of inforzation from various
sources (References 4, 8 and 9) and are complete except for the
limited amount of data for the weld metals. The current
essential data for the weld metals are available. in addition,
the initial reference temperature data represents the best
available data as defined in Section 2.4.

The location and identification of the fo:-ings and welds within
the bolt-line region of the North Anna Unit 1 reactor pressure
vessel are shown in Figure 2-1.

22 , hAnna UnLt 2

The data for North Anna Unit 2 reactor vessel are presented In
Tables 2-8 through 2-13. These data represent an accumulation
of information from various sources (References 4, 10 and 11)
and are complete except for the limited amount of data for the

weld metals. The current essential data for the weld metals are

available. In addition, the initial reference temperature data
represents the best available data as defined in Section 2.4.

2-1 Babcock AWf1cox
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The location and identification of the forgings and welds within
the beltline region of the forth Anna Unit 2 reactor pressure

vessel are shown in Figure 2-2.

2.3. S Ueillanceg ata Bases

Each reactor vessel has a surveillance program to monitor the
neutron radiation damage of the materials in the beltline
region. These data for each reactor vessel at North Anna were
tabulated separately from the main data base as a convenience
for easy reference. The data are presented in Tables 2-7 and
2-14.

Puj_ Initial Value of~ Iefgrence TepCrature

The initial value of reference temperature is not always
available for the materials used to fabricate older reactor
vessels because it was ot an established requirement of the
ASHE Code. Even for reactor vessels completed after the
establishment of the requirement, the value was often unat-
tainable because no suitable material was available. The
necessary drop weight test data were usually obtained for both
plate and forging materials and this provided a reliable data
base to establish the initial reference temperature for these
materials.

The initial reference temperature of weld metals was not
obtained until after it was required by the ASME Code. At that
time an effort was made to re-evaluate the weld qualification to
obtain initial reference temperatures. Subsequently, a
statistical evaluation was made of weld metals fabricated after
the establishment of the ASMX Code requirement, plus reevalua-
tion of old weld metals, to provide a basis for a mean value and
standard deviation. A similar approach was used to establish
values for plate and forging materials for which the needed

actual test data were not available. An acceptable methcd for
establishing the initial reference tcmperature is presented in

the ?RC Standard Review Plan, Section 5.3.2.5. It is recognized

that the values recommended in the Standard.Review Plan are very

conservative.

2-2 Babcock A Wllcox
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Previous evaluations of the North Anna reactor vessels had
established reference temperatures for the base materials which
were representative of actual data. However, the weld metals

had no data for the submerged-arc weldments made by Rotterdam.
The initial value of Rotterdam welds wore established per the
NRC Standard Review Plan, Section 5.3.2.

A more recent development is the need to establish the standard
deviation of the reactor vessel materials to be used in deter-
mining the reference temperature shift as a result of irradia-
tion. Standard deviations for measured initial reference
temperature have been established from data obtained since the
ASME Code requirement for establishing the reference temperature
of all reactor vessel materials.

Listed below are the initial reference temperatures and standard
deviations used if actual measured values are not available:

Material
Description

SA508,CI. 2
RDM Welds

Initial
Rr#F

RTIIDT
Std. Dev. Reference

BAW-10046P 6

SECY 82-465'

I

3

0

-30F'

4-20F

2-3 Babcock VVilcox
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TAqj-!, •jv.ifioition of RAJ=tor Ve! l EltlirS Rxion Weld Mlp -

Weld

WOSA

WO5B

Hozzlo Shell to Intean.
Srhall so= (O.D. 94%)

N•ozzlo Shell to Int•rm.
Shell Seam (I.D. 6%)

Intem. Shell to LOcMr
Shell Seam

Wldiqn

Su. Am SHI 40 25295

-lux
Mm190

Smr 89 1170
Iodcat 1o:.

50-338e(8)

I,
Sub. Am S4 Wb 4278 S4IT 89

SKT 89

1211

1211W04t Sub. Arc SHIT 40 25531

A.

I - Denotes Ihiterial is lu3do in Peact-r Vcswl Survilllance Pragrr=

b

Im
A!
N



maiterial rmtga1zqUv%

WSb 0.10 1.50 10.0203 - 0.36 - 1 0.10 0.37 - 0.30 Doke:t: 10.50-338(a)

W05D 0.09 1.49 (0.020] - 0.33 -- tO.lo 0.37 - 0.11 H

W04t 0.06 1.29 0.020 0.012 0.35 0.25 0.11 0.49 0.001 0.086 H

P - tar mitlal Included in Roactor Vesal Survaillanco PrIogr

, [ - slato bas on crr;Iw of similar material

ii



wad4
T . Ft-tka WEZ±I Yield tilt.

E~l om P rout Weld
Boost Iroatlilp tlarom

0-

00

0'h

000 0'. - - -

Dx~at 016.
5o318

WIMa
W040

UE

al 6 - Dgtiimtal Per WCE StaniluU )Wvlcw Plan Sacticn 5.3.2
- ftimtaftt ;wir Smitan 2.4

* - tbmt aatozlal. lr"luwI n Pgoctor van. S~zv.1lai.iv nutgF

U
bb

p~1



990286/ SASGS CL.2 i.zzlo shell Forging 05 Mienist,•Ah D No.

295213 ltte 50-338 (B)

990311/ S5;508 CL.? Intcr. Sh1lw Forging 04 "
298244

990400/ SA508 CL.2 t•oor Sholl Forgirg 03

2923321

p!

i - ttes mtc.rial inchkkd in Paictor Vessel Surveil4are'o 1rmqra

ii
-I

c



Material -__

05 0.20 0.71 0.013 0.012 0.21 0.74 0.39 0.64 - 0.03 0.16 twjo t No.

50-338(8)

04 0.21 0.75 0.010 0.019 0.21 0.82 0.33 0.64 - 0 .05 0.12

031 0.19 0.68 0.009 0.014 0.22 0.80 0.30 0.63 - 0.02 0.15

*! - Dmtep.esitarial inclutxW In PRtictor vessel urvoillanom iqrp-m

I
0•

ag



Table 2-6. Mechanical Properties of Reactor Vessel Beltlino
SReIgon PanHaoterials - Hloruh Anna Unit_ 1

Hatorlia.
Identification

___Tqhnes -Proport iff
USE,

T JQT F RT DT , F Ft-Lbs,

Jlgnail. Pr'OvOrties. RT

Yield
I" £long RA
Ult. Reference

05

04

2 -- Docket No.
50=338(s)

-31

.i 13

17

38

92

8503#

'a

* - Estimated Per flRC Standard Review Plan Section 5.3.2.

* - Denotes material included in Reactor Vessel Surveillance P~rogram
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T, dIle 2-7. P.-jx4_rties of Sturvll,z'iI It'mirm rPlntej! dm1 t&h1 ,•teti.i1 -M-:rtl nni.n• .tait -I

KIiterial

Forqrrta-0O

t, &s1d *et~a140

-12 *15

-12 -12

lSao
'g't ugiMi EICr

85 70.68 92.55 18.80 58.S5 A-1616-1725F-2- .
T-1202-1292F-7 -- 'I4, i;••.•

S-113Q*25F-14-3/.4?C& [

95 64.18 79.3]5 19.20 71.0O0 6-1130•_25F-lO-J/4WG!/t.

wi1P-6771( 9 )

mate.rial

Wezld 1Nal-4404

II I II I III I I

0.20

0.06

0.68

1.29

0.019

0.020

0.011 0.26 0.30

0.012 0.35 0.025

0.79

0.11

0.61 0.020

0.49 0.006

0.037

0.001

0.16

0.086

ftUm

tJ

0

*-A - A o~tizoVWlter 0jandhd (Q))
T - Tmwered/,rmcu Cbolcd (M)
S - s5trewS Rievivum/umJ3 Cloed (FC)
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Weld Weldirq I4ii

WO51, Nokzzle Shell to Interm. Sub. Arc 54 Mo 4278 Sm(T 89 1211 Docket No.
Shell Semm (0.,. 94%) 50]339(10)

WOO Dozzlo Shell to Inrtern. Sub. Arc 54 No 801 MIT 89 1211
shall sem (I.D. 6%)

W04A Inltrm. Shell to lamor Sub. Ame 53 lb 716126 II4320 0;am oI I C^Vu.

K 9 -~1no ton~t~ m~terIial in~hxWl ini Reactor Vou-sol SurvoillarKo3 I'c~ra

I



IAC- n,
Weld ____C 111~ij~

WOSA 0.00 1.49 - - 0.33 - 0.10) 0.37 - 0.11 Dockat 00.
50-339t U

W05B

W104 #

0.086 1.58 0.012

0.08 1.82 0.017

0.012 0.43 - (0.10] 0.51 -

0.011 0.25 0.042 0.084 0.49 0.002

0.18

0.088

*-LeroKtOc3 m~terial. lxluicW in Rmimotr %Iesw1 Survo 11 arnx Pruqram

-Eatizate basa a reviewv of similar a-tarial.I..
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HQ= AMA Unit 2

T"Ytuwr..% Prx"rttes

WOSA

WOSB

WG4

O*

0&

-67

1Or
EKa2w3

oh.

T~~w~llnesh.- P'rartge PAi~ A Ma~t Weld
Hw~t

fwvm

poko(0*&

-48 107

*-Eatinmtod p3r IO'C Stvrbd Review Plan Soction5.*3.*2
-Eatizdt*) per SctIim 2.4

* 1mote mitorial ire-ltkkx In Ra'actor Vcamml &irveillance Proram
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T~~k~19J:i I ~.~J~$e4fl.1ii~fl ~9~L QLI 9rS~'U~ L~ LtnoJ~i tJ~'1JQt~A1~t~tA!nft2

%90598/ MA508 I 0.. 2
291396

990496/1 SA504RCf. 2
2924240

990533/ SAt5.08 ,Cl 7
2973SS

tboZzle SIaLt Forgingj

inter. fba1I Forging

lowe~r fhall F'ornjity

05

04

Rwim~~tahl

fuenwek

50-339( 10)

03

"3

De-na~tes nittoriad rinchdal in Phixctor Vetizol Survei1 1an Progrmm
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-- reLD Mign iam fuse-tea ils - Hg=t Am L'it-

?IUtakial Cal__________

A If 1i-C- _9r_ B Q V QA ___

05 0.20 0.68 0.010 0.013 0.25 0.77 0.34 0.60 - 0.01 0.08 Dket of50--339(10)

040 0.195 0.78 0.011 0.016 0.24 0.83 0,35 0.62 - 0.02 0.09

03 0.16 0.66 0.013 0.017 0.15 0.83 0.34 0.59 - 0.01 0.13

* - Deztes =turial ir'ludod in P•ctr Vesail Sum-llarnza Irm
$~'
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Table ?-13. Mechanical Properties of Reactor Vessel Beltline
Reqion Base Materials -North Anna Unit 2

Material
Identification

X..__T_ hr 2• Propertles ....
USE,

T R F Ft-Lbs Yield
SthL.EaL Elong

Ul~t. %
RA

Refeorence

05 +5

-49

-13

9*

75

56

"74

80

-- Docket No.
50-339(o)

040 o•

m•

Ul

UW
03

* - Estimated Per NRC standard Reviev Plan section 5.3.2.

# - Dnotes material included in Reactor Vessel Surveillance Program
I
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T~i~dsŽ 1-.110. Prz40!rtiw~; of P.2j 1(c.' r~rcawtnPt anrk! Ž1ct~ l~iterial, - N~orth Anna Lhrdt-2

Kitzrill

razmirq-04

WId Metal-4404

ti~old btal.

Weld Metal-"•

-49 -57

-66 -~

USE,
-- T=Ilo BmmrticaIRT.--.-
5t=Tjthl,... _El"

U-L --- Ht TMM'eapen o

75 84.90 102.00 19.00 48.20 A-1688-1697F-2 ,/2"A
'1'-1220-1229F-GWR/M
S-U23025F-14 3/4fP,0/

115 76.08 55.90 24.20 69.25 S-1130±a25F-13 1,/2H,/1M

1a fen:,

WOU-8772 (U)

Ut

___________~)~t~14i~~p~kj~J~ic~t Nz~nt
-- •.--- -a -- Co -Y- •

0.19 0.76 0.016 0.011 0.25 0.35 0.86 0.60 0.003 0.031

0.08 1.62 0.017 0.011 0.25 0.042 0.084 0.49 <0.002 0.002

0.11

0.088

ap-6772(

0
-!
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Figure 2-1. Location and Identification of Materials
Used in the Fabrication of the Belt-Line
Region of North Anna Unit-1 Reactor
Pressure Vessel (Ref. 12)
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Figure 2-2. Location and Identification of Materials
Used in the Fabrication of the Belt-Line
Region of North Anna Unit-2 Reactor
Pressure Vessel (Ref. 12)
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3. EVALUATION OF REACTOR VESSEL TOUGHNIESS

one aspect of reactor pressure vessel licensibility is the

toughness of the materials used in its fabrication. These

properties are used to calculate the pressure-temperature

operating limits in accordance with the requirements of 10CFR50,

Appendix G. The objective of these limits is to prevent

nonductile failure of the reactor vessel during any normal
operating condition, including anticipated operational occur-

rences and system hydrostatic tests.

The closure head region, the reactor vessel outlet nozzle, and
the beltline region have been identified as the only regions of
the reactor vessel that regulate the pressure-temperature
limits. Since the closure head region is significantly stressed
at relatively low temperatures (due to mechanical loads result-
ing from bolt preload), this region largely controls the
pressure-temperature limits of the first several service

periods. The reactor vessel outlet nozzle also affects the
pressure-temperature limit curves of the first several service

periods. This in due to the high local stresses at the inside

corner of the nozzle, which can be two to three times the

membrane stresses of the shell. After the first several years

of neutron radiation exposure, the RT NDT of the beltline region

materials will be high enough that the beltline region of the

reactor vessel will start to control the pressure-tezperature

limits of the reactor coolant pressure boundary (RCP). For the
service period for which the limit curves are established, the

maximum allowable pressure as a function of fluid temperature is

obtained through the point-by-point comparison of the limits

imposed by the closure head region, the outlet nozzle, and the

beltline region. The maximum allowable pressure is t4ken tc he

the lowest of the thrae calculated pressures.

Babcock A Wlcoa



The unirradiated toughness properties of each reactor pressure
vessel were determined for the belt-line region materials in
accordance with 10CFRT50, Appendix G. For the other bolt-line
region materials for which the measured properties are not
available, the unirradiated impact properties and residual
elements,: as originally established for the belt-line region
materials, were determined from acceptable data bases using
recognized estimating techniques. The adjusted reference
temperatures are calculated by adding the predicted radiation-
induced shift of the RT NDT to the unirradiated RTIIDT including
margin. The predicted shift, RT)DT, is calculated using the
respective neutron fluence, plus the copper and nickel con-
tents. The neutron fluence values are calculated based on
function derived from adjoint functions using transport calcula-
tiono. The design curven of regulatory Guido 1.99, Rev. 2,13

were used to predict the radiation-induced shift of RTIIDT.

The results of the evaluation are presented in Tables 3-1 and

3-2 which show that both reactor pressure vessels have RT IDT
values which will permit normal operation to the expiration of
current licenses.
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Table 3-1. Evaluation of Reactor Pressure Vessel Fracture TouQhness - North Anna UntI•I
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Table 3-2. Evaluation of Reactor Pressure Vessel Fracture Toughness- North Anna Unit-2
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4 . REACTOR VESSEL SURVEIULLACE PROGRA94S

The design of a reactor vessel materials surveillance program
is based. on the need to monitor the toughness properties of the
controlling radiation sensitive material from which the reactor
vessel was fabricated. Of equal importance is the benchmarking,
or verification, of the fluence which the reactor vessel
experiences.

The extent to which a surveillance program meets these objec-
tives depends on when the reactor vessel was fabricated. This
is due to the evolution of surveillance program requirements as
more knowledge has been obtained from existing programs. Some
of the requirements can be upgraded to meet the current 10CFR50,
Appendix H while other reactor vessels will be required to make
do with the installed programs. Each of the North Anna surveil-
lance programs will be described separately.

4.I. NoQrth Anna Unit 1

The surveillance program was designed in accordance with
10CFR50, Appendix H, and ASTM E185-73. The controlling materi-

als are contained in the program. The program is updated
by establishing a now withdrawal schedule which was developed
around the current requirements-as defined in ASTM E185-82 and
the desire to move capsules from low lead factor sites to high
lead factor sites only during scheduled ten year reactor vessel
inspections.

Two methods are permitted to determine when a capsule is to be

removed for evaluation; i.e., EFPY exposure or cumulative

fluonce. The cumulative fluence was used to establish the new

schedule which will match the materials data obtained at
each capsule evaluation to the critical times in the reactor

vessel design life. The EFPY schedule would produce results

4-1 Babcock A WlWcoa
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with too low cumulative fluence to provide useful irradiation

materials data.

The new proposed withdrawal schedule for North Anna Unit 1 is

shown in Table 4-1.

4.2. Jlorth Anna Unit 2

The surveillance program wai designed in accordance with

10CFRSO, Appendix H, and ASTH E185473. The controlling materi-

als are contained in the program. The program is updated

by establishing a new vithdrawal schedule based on accumulative

fluonce in accordance with ASTH E185-82. The now proposed

withdrawal schedule for North Anna Unit 2 is shown in Table 4-2.

4W . Spare Cavsules

Extra Surveillance Capsules not required to meet the current

requirements of ASTH E185-82 will remain in the reactor vessel.

Those capsules can be used in the future to provide data for

the verification of reactor vessel fluenco calculations or to

provide materials data for support of plant life extension. To

ensure that the extra capsules will provide useful data in the

future they will be moved to maximum lead factor positions

during the appropriate inservice inspection as the positions

become available, in order to maximize the total accumulated

fluence.

4A4. Archive SurveilllanceMatorial

The availability of additional surveillance material is impor-

tant in the event that additional materials properties data is

needed for the reactor vessel controlling beitline region

materials: or, in the event that licensing requirements change

and new data is required which necessitates applying improved

testing techniques to the original materials of fabrication. An

inventory of the available materials was made for North Anna

Units I and 2. The detailed descriptions of the inventory are

presented in Appendix A.
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4A.5. Capsule Evaluation Regults

The results of the evaluation of the surveillance capsules
removed from North Anna I and 2 are summarized in Appendix B.
The capsules removed to date are:

lNorth Anna Unit 1 - Capsule V
North Anna Unit 2 - Capsule V

4-3
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=10l 4-1. .ROVIstdSurvoillaxe C~rUM1 Witlifrawl Cd&btale - ?I= am Anilrt-1

I February 1986

C~ile Withdrawal Sch±dile Per
10CFR5O. Ammadix H. ard EISS-82 PAL990s~ Withdrawl S&A*Ale*

Capsule vessel navol 0
Fluenc, rVC=a2

caralle
I. D.
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D siamated. MIAW' (12
RV f1unc, rVM2~

Esimted
W~thkvalrm1Yr

First
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U
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I** - Transferred frm 0.82 load factor location to 1.52 lead factor location durLq the 10 year inervice
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5. INTEGRATED REACTOR VESSEL SURVEILLANCE PROGRAM

The idea of an integrated reactor vessel surveillance program

develops whenever two or more nuclear plants share the same

site, or when owned by the same utility and share a common

design. It is readily apparent that a savings can be recog-

nized from reduced capsule evaluations and, of special impor-

tance, reduced worker radiation exposure. The requirements set

forth in 10CFR50, Appendix H, as applicable to integrated

surveillanco programs are as follows:

1"C. An integrated surveillance program may be
considered for a net of reactors that have similar
design and operating features. The representative
materials chosen for surveillance from each reactor
in the set may be irradiated in one or more
of the reactors, but there must be an adequate
dosimetry program for each reactor. No reduction in
the requirements for number of materials to be
irradiated, specimen types, or number of specimens
per reactor is -pormitted, but the amount of testing
may be reduced if the initial results agree with
predictions. Integrated surveillance program must
be approved by the Director, Office of Nluclear
Reactor Regulation, on a case-by-case basis.
Criteria for approval include the following consid-
erations:

1. The design and operating features of the
reactor in the set must be sufficiently similar
to permit accurate comparisons of the predicted
amount of radiation damage as a function of
total power output.

2. There must be adequate arrangement fo- data
sharing between plants.

3. There must be a contingency plan to assure that
the surveillance program for each reactor will
not be jeopardized by operation at reduced
power level or by an extended outage of another
reactor from which data are expected.
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4. There must be a substantial advantage to be
gained, such an reduced power outages or
reduced personnel exposure to radiation, as a
result of not requiring surveillance capsules
in all reactors in the set."

The tour requirements as set forth above can be met by the

Virginia Power plants. The plants are similar in design and

power ratings, especially as to current knowledge as to flux

rate effects on neutron radiation damage. Since the plants hdve

the name owner no problem would exist as to data sharing. Each

plant could continue to have a plant specific surveillance

program as a backup in case the other plants experienced a

protracted uhutdown. Finally, there would be a gain from the

reduced personnel exposed to radiation.

The fault of this approach is the wording in the first para-

graph, "... must be an adequate dosimetry program for each

reactor". In recent years, the monitoring of the neutron

fluence the reactor vessel receives has developed to be of

equal importance with monitoring material damage. In fact,

because of the large uncertainties that can be assigned to

fluenco analysis, if not properly verified (i.e., dosimeters in

removed surveillance capsules), when combined with materials
property changes can produce restricted pressure-temperature

operations which could more than offset savings to be realized
from a surveillance capsule evaluation. On the other hand, if a

cdpsullo is removed to benchmark a fluence determination a major

portion of the cost is associated with the dosimeter and fluence

evaluation. Therefore, it would be more practical to perform
the complete capsule evaluation.

In addition, the now reviuion of Regulatory Guide 1.99, gives

credit for obtaining surveillance data for the controlling

materials. When two or more credible data points become

available from a reactor they may be used to determine the

adjusted reference temperature and decrease in Charpy upper

sholf energy. With the exception of Surry Unit 1, all the
plants have the controlling materials in their surveillance

programs. Thus, the data should p.ovide the best evaluation of

5-2 Babcock A lfcou
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material damage to minimize the affect on operating limita-
tions. In the case of North Anna Unit 1, the weld metal in :he

surveillance program is similar to the controlling weld metal

and may be used to provide a high degree of confidence that
prediction techniques are not unduly restricting the operating
limits.

In summary, while an integrated reactor vessel surveillance
program for Nlorth Anna Units 1 and 2 may be acceptable from a

regulatory viewpoint, it wnuld not be practical, since capsules
would have to be withdrawn from each unit in order to provide a

fluonco benchmark. However, this option may become practical in
the future and should be re-evaluated after additional capsules

have been removed and evaluated.

5-3 .
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6. SUMMtARY

As a result of this review and update the reactor vessels
zatoriils data bases for North Anna Units 1 and 2 were found to
be in compliance with 10CFR50, Appendix G. The surveillance
program materials properties data bases and capsule withdrawal
schedules are in compliance with 10CFRR0, Appendices G and H to
the extent practical and will provide the material data neces-
sary to insuro continued compliance with those appendices.

6-1 Babcock £Wicox
,0 u(Ortmots compnj



7. CERTIFICATION1

The reactor pressure vessel material property data bases and the

reactor vessel material surveillance progra-s for Virginia

Electric and Power Company North Anrna Units 1 and 2 were updated

in accordance with the requirements of 10 CFR 50, Appendixes G

and It.

I

This report has been reviewed for technical content and
accuracy.

F/Vvc
L. BA Gross, P. E.
Prindipal Engineer

16aie

":'hr report has been approved for release.

LYKLJ6•
Oa.

!r J; MFinarth
Project Manager

7-1 Babcock & W11cox
a %k Dermot tt ompa^y



. 49

I

8. REFERENCES

5Q, "Domestic Licensing of Production and Utilization

Facilities, Appendix G, Facture Toughness Requirements."

2. VZ_.qe of Federal aggulations. Title 10, Energy- PtEr

IQ, "Domestic Licensing of Production and Utilization

Facilities, Appendix 1[, Reactor Vessel Material Surveil-

lance Program Requirements."

3. ASTM Standard E185-82, "Practice for Conducting Surveil-

lance Testo for Light Water-Cooled Ifuclear Power Reactor

Vessels," AS __,_And 6_0Q3._l, August 1985.

4. North Anna Power Station Units 1 and 2, Updated Final

Safety Analysis Report, Virginia Electric and Power

Company, July 20, 1982, as amended.

5. United States Nuclear Regulatory Commission, Standard

Review Plan Branch Technical Position 5-2, Revision 1

IWREG-0800, July 1981.

6. If. S. Palmo, ea., "Methods of Compliance With Fracture

Toughness and Operational Requirements of lOCFR5O,

Appendix G," BAW-1•0Q•, Babcock & Wilcox, Lynchburg,

Virginia, March 1976.

7. U. S. Nuclear Regulatory Commission, "Prnasurizod Thermal

Shock (PTS)," Y-§2-465, Nfuclear Regulatory Commission,

Washington, D. C., November 23, 1982.

8. Letter from C. H. Stallings, Virginia Electric and Power

Company to Harold B. Denton, office of Nluclear Reactor

Rogulation, Subject: Pressure Vessel Fracture Toughnosn

Properties, North Anna Power Station, Unit Nos. I and 2,

Docket No. 50-338, December 11, 1978, Public Document

Accession No. 7812150277.

8-1 Babcock & WNicox
J 161I M01)n 1oi tOff4nyI



*.It

9. J. A. Davidson and J. H. Phillips, "Virginia Eiectric and
Power Company North Anna Unit No. I Reactor Vessel
Radiation Surveillance Program," WM!-271, Westinghouse
Electric Corporation, Pittsburgh, Pennsylvania, September
1976.

10. Letter from C. M. Stallings, Virginia Electric and Power
Company to Harold B. Denton, Office of Nuclear Reactor
Regulation, Subject: Pressure Vessel Fracture Toughness
Properties, North Anna Power Station, Unit Nos. 1 and 2,
Docket No. 50-339, December 11, 1978, Public Document
Accession No. 7812150277.

11. J. A. Davidson, at Al., "Virginia Electric and Power
Company North Anna Unit No. 2 Reactor Vessel Radiation
Surveillance Program," WWC&P-2Z, Westinghc.,e Electric
Corporation, Pittsburgh, Pennsylvania, November 1976.

12. E. L. Furchi, g2tAl., "North Anna Units I and 2 Reactor
Vessel Fluence and RTpTS Evaluations" W 1j-QJ Revision
1, Westinghouse Electric Corporation, Pittsburgh, Pennsyl-
vania, December 1985.

13. "Effect of Residual Elements on Predicted Radiation Damage
to Reactor Vessels," U. S. XRC Regulatory Guide 1.99,
Revision 2, Draft dated August 14, 1985.

8-2 Babcock&WUIcox
a AcOe (meIt C0 MOfly



* *.

ARCHIVE SURVEILLANlCE MATERIAL

A-i
ftbcock Wikox

.6 Ihk~morafcalmtwp" I



0 a4 .

ARCHIVE SURVEILLAHZE MATERIAL

An inventory of the archive material available from the reactor
vessel surveillance programs of the Nlorth Anna Units 1 and 2
showed that the following materials are in storage at the
reactor system supplier.

Horth Anna Unit 1:

Ho archive surveillance material for this reactor pressure
vessel was located at the reactor system supplier.

Iforth Anna Unit 2:

Intermediate shell forging/forging No. 990496/292424;
1 piece - 3" x 9-3/4" x 19"

Wald metal W04 (For;ing 990496/292424 to forging 990533/297355);
1 piece - 3" x 6-1/2" X 6-1/2"

U
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SUHMARY OF SURVEILLANCE CAPSULE RESULTS
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Forth Anna Unit I - Capsule V

Capsule fluenco: 3.13 x 10 1 8 n/c--2( 1 2 )

5jo 'Lst -aes1 WVnirradiated):

Specieon Test te=p. Strengcth,• _ 1onaa jIj..n~~ 0. yUn SiLSl
R.in A.__--I-

k!¢j_.•tol (2990400129232) Axial

,,Dab

•,=. ,=l

RT
300
600

we.•_ (W-0)

70.700
64,400
55,600

64,200
62,000
60,900

92,500
84,900
86,200

11.9
13.4
15.5

18.8
22.6
23.3

5 9
63
55

m• 300
600

79,400
75,800
78,700

9.7
9.6
9.4

19.2
21.0
19.0

71
68
60

-n-sion Test Result2 (Irradiated)

Specimen Test temp. Strength. 1sl
number r g• YeL99l04./92 2 Iltal &

Bang MqtAl (A990400/292222) Axiial

Elongation. %
Unit, Total

R.in A.I

VT-3
VT-4

RT
548

80,400
64,700

99,300 12.0
95,700 10.0

20.9
18.4

55
47

HAuLW 1

VW-4vw- 3 RT
548

70,800
63,600

84,500 13.0
84,500 11.7

19.3
19.0

65
57
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Ln~rx&..t- gin QLt-I~b-.zcian nonPrt± J
Predictod

Daaao Motal (Axial) +46 +65 19 84

BaOn Metal (Tangent.) -6 .33 39 84

fleat-Affected-Zono -51 *4 55 84

Wold Metal -26 +52 78 35

Predicted

Dauo Metal (Axial) 85 75 10 16

Bane Metal (Tangent.) 135 122 13 26

Ifoat-Affected-Zone 145 105 40 28

Weld Metal 95 95 0 16

Reference: A. L. Lowe, Jr., " WAnalysis of Capaula V,
Virginia Electric & Power Company North Anna Unit
No. I Reactor Vosaol Materiala Surveillance Program,"
DAWiJIM , Babcock & Wilcox, Lynchburg, Virginia,
M4ay 1981
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CapOule fluOnce: 2.87 x 10 In/c=2(12)

Specimen Tout temp. _ttpJL_

.DADJ• -9- L.AIA 91D42LaVa42AL.AXJafi-.
-- RT 84,900 102,000
-- 300 77,700 95,200
-- 550 75,800 97,200

~Iflt~i~l~~LR.in A.
.n i .~ ....... -

13.2
10.5
11.5

19.0
16.7
18.1

48
50
48

HwC! ý ¶I ro

RT
300
550

76,100
68,500
63,900

86,000
77,100
80,100

14.2
10.7
11.9

24.2
20.9
21.5

69
67
62

Specimen Test temp. - -ttqt
Vail-n •l•L

R.in A.
~1~

45
51

CT-4
GT- 3

68
550

85.600
90,100

104,500
98,700

7.5
5.1

18.4
13.3

GW-3
GW-4

68 78,600 91,600 6.2 19.7
Specimen damaged during equipment malfunction

64

B-4 Babcock & Wilcox
j DtAwtM os I I I JfWan



C *-. -

a

.4

~bjpy....~~nact Test ~csu1ts

Incr~aseAn10 ft-lb Transj~1~nI~mDeratu:e~F:

Material !njirzadiared Irx iate S.at
Base Metal (Axial) +60 +69 9

Base Metal (Tangent.) -13 -4 9

Heat-Affected-Zone -54 -44 10

Weld Metal -26 -24 2

Predi±cted

51

51

.32

Qecrease in Up~er SheQlf Energyv. f&-lbs.

Material Unirradiate Irri
Base Metal (Axial) 75 62 13

Base Metal (Tangent.) 120 120 0

Heat-Affected-Zone 95 89 6
Weld Metal 115 92 23

Predicted

11

18

16

20

Reference: A, L. Lowe, Jr., etjAl, "Analysis of Capsule V,Virginia Electric & Power Company Reactor VesselMaterials Surveillance Program," -gA ,Babcock & Wilcox, Lynchburg, Virginia, October 1983.
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