C Vinaasias Eneevie anp Powenr CoMpany

Hcimuxn, Vinuvia 2t

September 28, 1992

United States Nuclear Regulatory Commission Serial No. 92-2118
Attention: Document Control Desk NLEP/CGL R2
~ Washington, D. C. 20555 Docket Nos. 50-338
- ' 50-339
License Nos. NFP-4
NFP-37
Gentlemen:

SUPPLEMENT TO RESPONSE TO GENERIC LETTER 92-01
- BEACTOR VESSEL STRUCTURAL INTEGRITY

In a June 29, 1992 letter (Serial No. 92-211A), Virginia Electric and Power Company
- provided the response to Genaric Letter 92-01 for North Anna Units 1 and 2. This

_informalion was documaented in B&W Nuclear Service Company Report BAW-2168,
dated June 1992 and entilled "Response to Generic Letter 92-01 for Virginia Electric
and Power Company North Anna Unit 1 and North Anna Unit 2.°

Duting a September 18, 1992 conference call, Mr. Barry Elliott of the NRC requested a
copy of BAW Report BAW-1911 Revision 1, which is refaranced in Repont BAW-2168.
In reply to that request, enclosed is a copy of BAW Heport BAW-1911 Revision 1, dated
August 1986 and entitled "Reaclor Pressure Vessel and Surveillance Program
Matenals Licensing Information for North Anna Units 1 and 2.7

Also related to our June 29, 1992 transmitial, the following information is provided.
~ During a follow-up review of the supporting calculations for Report BAW-2168, BAW
determined thal a discrepancy existed in the Units 1 and 2 Table 10 Columns 3 and 6.
- This discrepancy consisted of B&W's use of the reported copper and nickel chemistry

_ contents for the beliline materials for Forging 03 (Unit 1) and Forging 04 (Unit 2) in the

calculation of the predicted ARTNDT + 20 and the predicted CyUSE in ligu of the

contants for the surveillance matenals. . Since the chemical composition differances
botween the beltline forgings and the surveillance materials are small, the resulling
changes are insignificant. Specifically, the resulling changes are:
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“ e ln the Nohh Anna Unit 1 Table 10 for Ft_;rging 03, the Column 3 values of Predicted
- ARTNDT + 20 changed from 106°F and 143°F to 110°F and 150°F, respectively.

+ Inthe North Anna Unit 2 Table 10 for Forging 04, the Column 3 values of Predicted
ARTNDT + 20 changed from 70°F and 91°F 1o 81°F and 110°F, raspectively.

. Inthe North Anna Unit 2 Table 10 tor Forging 04, the Column 6 values o Predicted
CyUSE Drop changed from 9 f-Ib and 12 t-Ib to 10 1t-Ib and 14 ft-Ib, respectively.

Revised pages reflecting these changes are attached for temporary insertion inlo the

North Anna repont. A future transmitlal will provide a Revision 1 version of Report

BAW-2168 including these changes. The conclusion reached in our response {0

Genaric Letter 92-01 for North Anna remains valid and is that North Anna continues 10
be in compliance with applicable regulations governing reacior vessel integrity.

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

e

/

W. L. St n b
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 1 and 2

Attachments: Revised Table 10 from BAW-2168 for North Anna Unit 1
Ravised Table 10 from BAW-2168 for North Anna Unit 2

cc:  U. S. Nuctear Regulatory Commssion
Region Il
101 Marietta Street, N. W.
Suite 2900
Atlanta, Georgia 30323

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

“Mr. A, W, Robinson
B & W Nuclear Service Company
3315 Oid Forest Road
P. O. Box 10935
Lynchburg, VA 24506-0935




COMMONWEALTH OF VIRGINIA )
)
COUNTY OF HENRICO )

The fotegoing document was acknowledged betore ma, in and for the County and
Commonwealth atoresaid, 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 documant in behalf of that Company, and the statements in the document
atre true lo the best of ms knowledge and beliel.

Acknowledqed before me this Zf day of ,¢17’¢ L 1972,
My Commission Expires: _ /j_{yﬂj[ L1994

"Céc...,/l /_/J.LL

Notary Publc \

(SCALY




_TABLE 10. - GENERIC LETTER 92-01 RESPONSE: SECTION 3 lTEH -

Ceneric Letter 88-11 Response Comnitments: Difference Between Heasured and Predicted
(Requlatory Guide 1.99. Revision 2) fmbrittlement Effects

Horth Anna Unit |

¥ Subject:

Plant: _— .
Sl L e s et e e e e

AT

=~

Question 1.

Does measured ’RT... exceed ART.., + 20 predicted by Requlatory Guide 1.99. Revision 2?

Question I1.

Does measured CUSE drop exceed that obtained from Regulatory Guide 1.99, Revision 2,

Figure 2? — —
Colu=n 1 ﬂ Column 2 Column 3 Column 4 Colurn 5 Column 6 Column 7
Beltline .- Measured Predicted Quastion ] Measured Predicted y 0n
Haterial ART,., ART,, +» 20 Cust c.ust
: ' Yes/Ho Orop Orop Yes/Ho
Farging 05 K0 ND ND HA .
Forging 08 N ND ND naA -
Forging 03 39(1) 110 5 Yes{4)
65(2) 150 20 Ho
Weld 054 ND ND ND HA
Keld 058 np NO HD HA
Weld 04 78(1) 64 I5 Ho
| 75(2) 98 - 21 Ho

NOTES FOR TABLE 10 ARE.GN THE FOLLOWING PAGE{




© TABLE 10 (CONTINUED)

_ NOTES 10 TABLE 10: -

)
_'(2)
(3)

44)

BAW-1638
WCAP-11777

‘The only instance where a measured "shift® exceeds that predicted by calculation perforzed in

accordance with Regulatary Guide 1.99, Rsvision 2, is for weld metalas This result was obtained for
surveillance material representing Weld 0% {rradiated tg-Z.&QxlD nvt. This result was not
observed for survetrllance material frradiated to 8.28x10°° nvt. Since the measured 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.

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 JOCFRS0, 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 results fs not significant.- ‘ ' : _




Subject:

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

Generic letter 88-11 Response Commitments; Difference Between Measured and Predicted
(Requlatorv Guide 1. 99 Revision 2) Embrittiement Effects

Plant“

ANOrth Anna UnitVZ_'

Does measured ARI,., exceed M!T,m + 20 predicted by Regulatory Guide 1.99. Revision 27 |

juestion }.
Question II.  Does measured C,USE drop exceed that obtained from Regulatory Guide 1.99, Revision 2,
IALTLCH  S— -
Column 1 H _Column 2 Column 3 Column 6 Column 7
geltline Heasured Predicted Question | Neasured - Predicted Questjon 1{
Haterial  ART,, ART,, ¢ 20 - Cust - Cust o
— ' Yes/Mo - “Drop Drop Yes/Ho
Farging 05 WD - ND NA- HD ND NA
forging 03 9{1) 1 " No 13(1) 10 Yes(3)
60(2) 110 No - 0{2) 14 No
f Forging 03 {10 I HD - NA - ND ND NA
Weld 05A np W NA HD tD HA -
Weld 058 )] N0 MA ' ~HD . HD MNA
Weld 03 2N 60 Ho - 23(1) 18 Yes(3) .
o 13(2) 96 | o 0(2) 25 No i

NOTES fOR'TABLE 10 ARE CN THE FOLLOWING PAGE.




TABLE 10 (CONTINUED)

~ NOTES 10 TABLE 10:
(1)  BW-1794
(2)  NCAP-12497

"~ (3) The only instances the measured “drop” in CUSE excceded that predicted by calculation performed
in accordance with Regulatory Guide 1.99, Revision 2, is for Forging 04 and Weld 0%. This result
was not found for the same material (forging 03 and Weld 03) at a higher fluence and the
requirements of 10CFRSO, Appendix G, were not violated. Because the "drop” data did not violate
requliatory requirements, and because there is no further application of the “drop” data, it is

‘concluded that the effect of these surveillance results §s not significant,
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RECORD OF REVISIONS
Rate Rovision Number Description
March 1986 ] original Issue

August 1986 Revioion 1 Table 2-2 Corrected
. Table 2-~7 Corrected

Table 2-14 Corrocted
Table 3-1 Corrected
Table 3-2 Corrected
Paragraph 4.4 New Paragraph
Paragraph 4.5 New Paragraph
Table 4-1 Updated
Table 4-2 Updated
Section 7 New Section
Appendix A New Appendix
Appendix B Mew Appendix
Minor rewrites and corrections
wera made throughout Revision 1

Babdcock & Wiicox
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Ligt of Tables (cont'd)
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1. INTRODUCTION

This report provides a review and update of the materials data
and i{nformation for the reactor pressure vessels of North Anna
Units 1 and 2 to ensure that they are in coopliance with the
requirenents of 10CFRSO, Appendix G.l1 1In addition, the reactor
pressure vessel gurveillance prograzs were reviewed for compli-
ance with 10CFRS50, Appendix H.2 The reactor pressure vessel
surveillance capsdlo withdrawal schedule was modified to =nmeet
the intent of ASTM E185-82) as referenced by 10CFRS0, Appendix
H.

As a result of this review and update the reactor vessels
materials data bases for lorth Anna Units 1 and 2 were found to
be in coampliance with 10CFR50, Appendix G. The surveillance
progranm materials prcperties 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 l10CFRS50, Appondix H. This new schedule will
provide needed i{rradiation materials data {n a timely manner.

“he reason for this review and update is that the reactor
pressure vessels were fabricated and the corresponding surveil-
lance programs wera developed prior to the implementation of
10CFRS0, Appendixes G and H. These regulations recognized that
the older plants could not =zeet all the requirementa and
established guidelines to meet the intent, if not the letter
of the regulations. In addition, these regulations have been
revised as eoxperience, new data and analysis capability related
to rcactor vessel integrity have developed. A periodic review
and update i{s necessary to cnsure continued conmpliance with the
regulations. ' |

-1 Babcock & Wilcox

2 McDermotl company




2. REACTOR VESSEL DATA BASES

The establishment of the mechanical and toughness properties of
reactor pregsure vessels {n accordance with applicable
requlations and standards is an essential aspect of the licens-
ing process. As these rules are improved it {s necessary to
ensure that the data used for licensing of the reactor vessels
are repraesentative of the best information and materials
propartices available for each specific reoactor vessel. The data
are also essentlal in establishing the normal pressure-tempera-
‘ture operating limitations as required by 10CFR50, Appendix G.
2:.1. lNorth Apna Unit )

Tho materials and chemical composition data for the Yorth Anna
Unit 1 reactor vessel arc presented in Tables 2-1 through 2-6.
Theso data represent an accumulation of information from various
sources (References 4, 8 and 9) and are completae except for the
limited amount of data for the weld netals. The current
egssential data for the weld metals are available. In addition,

the initial reference temperature data represents the best
avajilable data as defined in Saction 2.4.

The location and identification of the forqings and ueids within
the belt-line reglon of the North Anna Unit 1 reactor pressure
vessel are shown in Figure 2-1,

2.2, Noxth Anna Unis 2 _

The data for North Anna Unit 2 reactor vessael are presented in
Tables 2-8 through 2-13. These data represent an accunulation
of information from various gources (Refarences 4, 10 and 11)
and are complete except for the limited amount of data for the
weld metala. The current egsential data for the weld metals are
available. In addition, the initial reference tenperature data
represents the best available data as defined {n Section 2.4,

2-1 Babcock & Wilcox
3 McDermott company




The location and identification of the forgings and welds within
the beltline region of the HNorth Anna Unit 2 reactor pressure
vessel aroe shown in Figure 2-2.

2.3, Surveillance Data Daseg

Each reactor vessel has a surveillance program to moniter the
neutron radiation damage of the mpaterials in the beltline
region, These data for each reactor vessel at North Anna were
tabulated separately from tho main data base asc a convenience
for ecasy reference. The data are presented in Tables 2-7 and
2-1&.

2.4, _Initial Value of Reference Temperature
The {nitial value of roference te=perature {5 not always

avallable for the naterials used to fabricate older reactor
vessels because it was ‘ot an established requirezaent of the

ASME Code. Even for reactor vessels coapleted after the
establishment of the requirezent, the value was often unat-
tainable because no sguitable naterial 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 tezperature for these
materials,

The initial reference tepperature of weld 2detals was not
obtained until after it was required by the ASME Code. At that
time an effor:t was made to re-evaluate the weld qualification to
obtain initial reference tex=peratures. Subsequently, a
statistical evaluation was made of weld metals fabricated afzer
the establishment of the ASME Code require=ent, plus reevalua-
tion of old weld metals, to provide a basis for a nmean 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 rethcd for
establishing the initial reference tezperature is presented in
the NRC Standard Review Plan, Section 5.3.2.°, It is recognized
that the values recommended in the Standard Review Plan are very
consorv&tive.

2-2 Babcock & Wiicox
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Pravious evaluations of the North Anna reactor vessels had
established reference teaperatures for the base materials vhich
were representative of actual data. However, the wveld zatals

had no data for the submerged-arc weldzents made by Rotterdasz,

The initial value of Rotterdas welds were established per the
NRC Standard Review Plan, Section 5.3.2.

A pmore }ecent developnent is the need to establish the standard
doviation of the reactor vessel materials to be used in deter-
mining the reference temperature shift as a result of irradia-
tion. Standard deoviations for measured initial roference
tezparature have been established from data obtained since the
ASME Code requirement for establishing the reference teazperature
0of all reactor vessel nmaterials.

Listed below are the initial refaerence texzperatures and standard
deviations used if actual measured values are not avajilable:

Material Initial RTupr
Dascription RTNDT'F .Std. Dev. Roference
SA508,Cl. 2 3 +30F BAW-10046P5
ROM Welds 0 +20F  SECY 82-4657
2-3 Babcock & Wilcox
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weld - welding . weld Wire Flux
identificatiop ___Weldlotation ~===020 Process _Type . Heat o, _Type 1ot lio, Reference
WOSA Mozzle Shell to Interm. Sub, Arc  SMIT 40 25295 SMIT 89 1170  Dockat No.
Shell Scam (0.D. 94%) 50-318(8)
WO5B Nozzle Shell to Interm. Sub. Arc 5S4 Mo 4278 SMIT 89 1211 "
shell Seam (I.D. 6%) .
Wos b Interm. Shell to Lower Sub. Arc  SMIT 40 25531 SMIT 89 1211 "

Shell Sean

§ - Denotes material included in Reactor Vessol Survelllanco Progran
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IB~1§L2~24__SHEElQBl_Stﬂcﬂﬁiilgn.”f_EQ.SSQIL&Qﬁxgl_EQlEline.BEah!1Jﬂ{h112JEU&L__JSBSRLJKIELAEHSLJ

taference

 Material themical Orpogition, Weight Pervent
Identification e M P _S8 Si & _NM W
WOSA 0.10 1.50 [0.020] =~ 0.36 - {0.10) 0.37
w058 0.09 1.49 (0.020] = 0.33 — 0.10] 0.37
W44 0.06 1.29 0.020 0.012 0.35 0.25 0.11 0.49

} - benotes material included in Reactor Vessel Surveillanco Progrom
3 [ } - Estimato basod on roview of similar material

Aurdws) 130w N ¥

RO 9 NPOOqTY

' Dockat
50-338(8)

0.001 0.086




durthwo) 110wIe Iy ¢
O § NI02qeg

Toble 223, Mcthnical FTsiertien of Rwctor Yewel Dritdine Prafen Seld tetal = toeth Amadnit 1.

——

s - Extisatal por N Standuy awvicow Plan Section 5.3.2

** - fxtimatad par Soction 2.4
§ = Dooten sstarial incluiad in Rosctor Voasel Survelllane Projras

—e TS LTSy OLL 0 Terwile Proyerticn, KO
Wald 10F Enetygy, SE, _Strennh. Fal_.  EBlom RA Toat Weld
1dentification T’ Fe-lbe M -1t Yield vit. % ) Hoat Treatment Refererce
WOSA o* — Ose - - - e -— — Docket Mo.
s0-338(8)
WsB oe - - Qee — - -— e -— — »
WO ~1) — 19 102 - - - -— - -




Table 2-4, Ident 1&@«1&1@.9zj@qﬁaa&mlmn&,&smwvuﬁxemgmmmmnw&mu

Wterial ldentitication ‘ ,
Hoat Yo, yp2 Qrponent_ . Qe Mo, _Swpplier ___Host Treatrent  Refeyence
990286/ SAS08 CL.2 Noxzle Shell Forging 05 Fhenistahl — Dockot No.
295213 - Ruttenwerke 50-33a(8)
990311/ SA508 CL.? Inter. Shall Forging 04 " - "
298234 :
990400/ SA508 CL.2 lLawer Shell Forying o) " -— "
2923328

. e

& ¢ - Denotes material included in Reactor Veasel Surveillance Program

Aurdwo 1 1)0We() 1N ¢
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Tabla_2-5,_ Gwmical _Qorposition of Peactor Vessol Deltlino Pogion Basa Materjals - North Anna Unit-l

Material . emical Composition, Weight Peroent -
Jdentification . _C M. P __G. S8f. M. o M _& _Y _%u_ Peferenco
05 0.20 0.71 0,013 0.012 0.21 0.74 0.39 0.64 -_ 0.0) 0.16 Docket No.
50-338(8)
04 0.21 0.75 0.010 0.019 0.21 0.82 0.3) 0.63 -~  0.05 0.12 "
019 0.19 0.63 0.009 0,014 0.22 0.80 0.30 0.63 - 0,02 3.15 "

B DA i i i s o S

# -~ Denotes material includod in Roactor Vessel Surveillanoce Progqram

AuPtw0) 110w Sy ¢
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Matoeria.
Identitication

05

04

03¢

Table 2-6. Mechanical Properties of Reactor Vessel Boltline

Region Base Materials - torth Anna Unit 3 =~

——_Toughness Proporxtiep Ien
USE, -Strength. Ksi Elong RA :
THQI'F RT"QI,F Ft-lbhs Yield Ule. s ) Roference
2 6* - - - - - . Docket Mo.
50-3138(8)
-31 17 92 - - - -- "
-13 38 85 - - - - "

¢ - Estimated Per NRC Standard Review Plan Section 5.3.2.

¢ - Denotes material included in Reoactor Vessel Surveillance Pkéqran
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Tablu 2-7, Prgurties of Swweillance Program Plate and Weld Miterial - toorth Anna Unit-1

Aiterial
Idemtification

Forgim-0)
Wald Metal-Wo4

Haterial
Identification

Forging-03
Hold Motal-4o4

Johness froversics . Tenoile ProyerSies, KT
T, Rrim' USE, strenmth, _kai  Elayg
o R-Un Yield Ult. _3V_ BAY ___ HetTroatome  Buference

-12 .15 8% 70.68 92.55 18.80 58.85 A-1616-1725F-2- ‘W) weAp-8771(9)
T“1202-1292F~7- . 204 ¥C '
§-1130425F=14=)/415IC

~12 ~12 95 64.18 79.35 19.20 71.00 S§-1130¢25F-10-3/41/FC »

chemical Sorposition, Weight Percent
L. ®m _p. _s5. S8 o N M O Y. . Refeun®

0.20 . 0.68 0.019 0Q.011 Q.26 0..10 0.79 0.61 0.020 0.037 0.16 weAr-8771(9)

0.06 1,22 0,020 0,012 0,35 0.025 0.1} 0.439 0.006 0.001 0.086 ot

* = A = Justentized/Mater Quenchod (W)

T =

Fumice Coolal (FC)

S = Stress Relieval/Rurnace Cooled (FC)




Table_2-9, _Identification_of Reactor Veassel Moltline Pegion Weld Motals - borth A thit=Q

Hold : Weldiny  _____Weld Wire - Flux
Jdentification Weld locatfon Proceas  _Dypa_ Heat Mo, _Dpe.. lot Mo,  Feferet
wWoS2, Mozzle Shell to Intern, Sub. Arc 5% Mo 4278 SMIT 89 1211  Docket No.
Shell Seam (0..). 94%) . © 50-339(10)
wO5h tozzle Shell to Interm. Sub. Arc 5S4 Mo 801 SMIT 89 21 "
sholl Seam {I.D. 6\)
w44 Intorm, Shell to lower Sub., Arc 51 Mo 716126 120 % n
shell Soan
£ _ —
- # - [enotes snterial inclualad in Roactor Vessel Surveillanoe Progras

AuPOwa ) 30w oG twy *
RO ¥ N202Qrg
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Table 2-9, _Chemical Qorposition of Reactor Veasel Peltiing Regicn Weld Metals - Morth Anna Unit-2

Weld C‘Wumhwmmm
Identification S M _P_ _S S &< M_ ®w»W Y _Qu m:m
WOSA 0.0 1.49 — — 0.3 — [0.10) 0.37 ~—  0.11 pockot Ho.
50-339(10)
WO5B 0.086 1.58 0.012 0.012 0.4 — [0.10} 0.51 ~  0.18 "

WO4 e 0.08 1.82 0.0}7 0.011 0.25 0.042 0.084 0.49 0.002 0.088 "

——r——

¢ - LDenotes material includad in Reactor Vessel Survelllance Program

[ )} - Estimate basad on review of similar matarial




SuPdws) JIOWIMIIWN ¥
EOIIMA B 0qQeR

~Tersile Prorexties, RI

10F : Fost Weld
. -Material T Energy, KT, USE, strenath, Fsi Elong, RA Hoat
Identitication b Rema 0 pelbg Yiold UL, _3 . ) Treotment  Beference
WOSA o - Ose - - - - - -— Docket: Ho.
50~-319(12)
Wo5B 0e - Qee —_ -— — - - — »
wWO3 «87 w— -48 107 — — - a— — ™

» - Estimatod par KRC Standard Review Plan Section 5.3.2
*s - Egtimatod per Section 2.4
¢ - Denotes material Includod in Rractor Veasel Surveillance Program

£i-Z




Table 2-31._ Identification of keactor Vessel Peltiing Pogion Base Materials - Morth Araw Unit-2

datacial_Identification
et bo, . L Type. oryorent. . Cxdo Mo,  _Swplier ___Heat Troateent
9450598/ SA508,CL.2 Norzle Shell Forging 05 ffhoingtahl -
291396 : : Huttenwerko
990496/ SA508,C1..2 Inter. Swll Forging 04 ' " -_
2024249
990533/ SA%08,(1..2 lower Shoell Foryimg 03 " -~
297355
~
M
ot e o et
¢ - Denotes material included in Roactor Vessel Surveillanon Program
[ 3
£
¥
]
¥
:

Roference

Docket No.
50-339(10)

L]




iwle 2-12.  Chemical Qorpouition of Peactor Yeasal Boltline Pogion Raso Miterials - North Anna Unit=2

Material terical Gxrpooftion, Waight Perent .
Jdentiticaticn L. i P .8 8 M o M _x Y Q Reference
05 0.20 0.68 0.010 0.01 0.25 0.77 0.34 0.60 =— 0,01 0.03 Dadwtab
. : 50-339(10]

044 ~ 0.155 0.78 0.0}1 0.016 0.24 0.8} 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 -

e

¢ - Dernotes materfal includad in Roactor Vessel Surveillance Progras
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Table 2-13. Mechanical Properties of Reactor Vessel Beltline
Region Base Materials -Korth Anna Unit 2
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Tabile 2-13.

Pragerrties of Surseillaewe Proanan Plate and teld Material ~ tiorth Anna Unit-2

Marorial
Idemsitication

Forging~04

Weld HMotal-404

Material
Idemt {Lication

Forging-04
Neld Motal-H04

¢ - A = AstentizadMater Quenchad (WQ)

Jomtnenss [poeerties . Tensile Properties, RT.
Torr RO pere USE, strepgth. ksl  Elaxyg
M P Reie

-48

+57

75

115

Yield UlL.. _3_ PRAL
84.90 102.00 19.00 48.20

76.08 85.90 24.20 69.25

A-1688-1697F-2 1/2HR/WQ  WCAP-8772(11)
T=1220~1229F~Q{R/FC
§-1110425F-14 3/4HR/FC

$-1130225F-13 }/2HR/FC "

L P, _S5. S8 & B MHm _00 _V_ Qi  Reference

0.19

0-08

0.76

1.82

0.018

0.017

T » Topercd/Purmace Cooled (FC)

5 = Strecs kelieval tumaco Quolald (FC)

0.011 0.25 0.35 0.86 0.60

0.011 0.25 0.042 0.084 0.49

0.003 0.031 0.11 wWcAp-g772(11)

<0.002 0.002 0.088 .




 P1quta 2-1. location and Identification of Materials

Used in the Fabrication of the Belt-Line
Reglion of North Anna Unit-1 Reactor
Pressure Vessel (Ref. 12)
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3. EVALUATION OF REACTOR VESSEL TOUGHNESS

One aspoct ©of reactor pressure vessel licensibility is the
toughness of tho naterials used in itg fabrication. These
proporticn'are used to calculate the pressure-temperature
cperating lirpits in accordance with the requirements of 10CFRS0,
Appendix G. The objective of these limits is to prevent
nonductile fallure of the reactocr vessel during any normal
operating condition, including anticipated operational occur-
rences and systexz hydrostatic tests.

The closure head reglion, the reactor vessel outlet nozzle, and
the beltline region have been identified as the only regions of
the recactor vessel that regulate the ptcssure-teaperatute
limits. Since the closure head region is significantly stressed
at relatively low tenmperatures (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
pericds. This is due to the high local stresses at the inside
corner of the nozzle, which can be two to three times the
aembrane stresses of the shell. After the first several years
of neutron radiation exposure, the RTNDT'of the beltline region
materials will be high enough that the beltline regicn of the
reactor vessel will start to control the pressure-tenperature
limits of the roeactor coclant pressure boundary (RCP). For the
service period for which the limit curves are established, the
maximus allowable pressure as a function of fluid tezperature is
cbtained through the point-by~-point comparison of the limics
izposed by the closure head region, the outlet nozzle, and the
beltline region. The maximum allowable pressure is taken tc ke
the lowest of the thraoo calculated pressures.,
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The unirradiated toughness properties of each reactor pressure
vossel were daetermined for the belt-line region materials in
accordance with 10CFR50, Appendix G. For the other belt-line
region materials for which the measured properties are not
availablé, the unirradiated impact properties and residual
olemontsf ags originally established for the belt-line region
materials, werc determined from acceptable data bases using
recognized estimating techniques. The adjusted reference
tempaeratures are calculated by adding the predicted radiation-
induced shift of the RTNDT to the unirradiated RTypr including
margin. The predicted shifet, RTNDT' is calculated using the
raspective neutron fluence, plus the copper and nickel con-
tents. The noutron fluence values are calculated based on
function derived from adjoint functions using transport calcula-
tions. The design curves of regulatory Guide 1;99, Rev. 2,13
vwere used to predict the radiation-induced shift of RTyore
The results of the evaluation are ptosentodtln Tables 3-1 and
3=2 which show that both reactor pressure veasels have RTNDT
- values which will pernit normal operation to the expiration of

- current licenses.
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Table 3-1. -Evaluation of Reactor Pressure Vessel Fracture Tb@hhess - North Anna Unit-1
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4. REACTOR VESSEL SURVEILLANCE PROGRAMS

The desfén of a recactor vessel matarials surveillance progranm
is based.on the need to monitor the toughness properties cf the
controlling radiation sensitive material from which the reactor
vessel was fabricated. Of equal i{mportance is the benchrarxing,
‘or verification, of the fluence which the reactor vessel
experiences.

The extent to which a surveillance program neets 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 requirenents can be upgraded to reet the current 10CFRSO0,
' Appcndix H while other reactor vessels will be required to make
do with the installed programs. Each of the North Anna surveil-
lance progra:s will be described séparately.

4.1. lYNoreh Anna Unit 1

The survelllance program was designed in accordance with
10CFRS50, Appendix H, and ASTM E185-73. The controlling materi-
.als are contained in the program. The prograa is updated
by establishing a new withdrawal schedule which was developed
“around the current requirezents-as defined ih_ASTH E185-82 and
the desire to move capsules from low lead factor sites to high
lead factor sites only during scheduled ten year recactor vessel
inspections.

Two methods are permitted to deternine when a capsule is to be
removed for evaluation; i.e., EFPY exposure or cuxzulative
fluonce. The cuzulative fluence was used to establish the new
schedule which will match the materials data obtained at
each capsule évaiuation to the critical tizes in the reactor
vessel design life. The EFPY schedule would produce results
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with too iow cunulative fluence to provide useful ifradiation
matorials data. |

The new proposed withdrawal schedule for North Anna Unit 1 is
shown in Table &-1.

4.2, North Anna Unit 2

The surveillance program wac designed in accordance with
10CFR50, Appendix H, and ASTM El185-7). The controlling materi-
als ara contained in the progran. The program is updated
by establishing a new withdrawal schedule based on accumulative

fluence in accordance with ASTM E185-82. The new proposed
withdrawal schedula for North Anna Unit 2 is ghown in Table 4-2.
4,2 Spare:Capsulen

Extra Surveillance Capsules not required to meet the current
requirenants of ASTM E185-82 will remain in the reoactor vessel.
These capsules can be used in the future to provide data for
the verification of reactor vessel fluence calculations or to
'provide materials data for support of plant life extension. To
ensure that the extra capsules will provide useful data in thae
future they will ba moved to maximum lead factor positions
during the appropriate inservice inspection as the posmitions
become available, in order to maximize the total accumulated
. fluencae.

4.4. Archive Surveillance Material

The availability of additional surveillance material is impor-~
tant in the event that additional materials properties data is
necded for the reactor vessel controlling beltline region
materials;: or, in the event that licensing requirements change
and new data is required which necessitates applying improved
taesting techniques to thae original materials of fabrication. An
inventory of the available materials was made for North Anna
"Units 1 and 2. The detailed descriptions of the inventory are
prescnted in Appendix A.
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' The results of the evaluatien of the surveillance capsulos
reamoved from North Anna 1 and 2 are summarized in Appandix B.
Thae capsules removed to date are: "

North Anna Unit 1 - Capaule V

North Anna Unit 2 - cApnulc'v

Babcock & Wiicox
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Capsule Withdrawal Schedule Fer

Revised Withdrawal Schedulee

Capsule  Vessel Capsule Capsule Egtimated cnpane(u) . Estimated Hudmm(!?) Estimated
. Soquenca  EFPY  Fluence, ryce? I.D. EFPY fluence, n/co’ RV fluence, n/c? Withdrawal , Yr
First 1.5 " SE18 or Vae 1.1 J.13E18 1.89E18 R
| Rl op>S0F '
Second 3 9E18 U 5.8 9.02E18 8.61E18 1987
Third 6 1.8E19 X 8.1 1.88BE19 1.13E19 1990
(BOL T/4)
Fourth 15 3.1R19 Weee  16.9 3.05E19 2,16E19 2002
(BOL I.W.)
Fitth BOL >3,1E19 Yoner 25 4,.21E19 _ 3.11E19 2011

Aueowo) 1IOWIOWY ¢
RO ¥ NPOIQeg

WOTE: mhﬂardlcapanes (2, T, ard S) moved to maximm lead factar
position during inservice inspections as positions boooms avalilable
in ordar to maxinize total fluence, -

* - Reviewed after each fuel cycle and rovised as necded after cach capsule withdrawal and evaluation.
Estimated withdrawals based on 18-month fusl cycles and 0.80 plant capacity.
** - Capsule withdrawn and evaluated.
sse — Transferrod from 0.82 lead factor location to 1.52 lead factor location during tha 10 year inservice
inspection (May 1987/5.89 EFPY). :
s2#» - Tranaferred from 0.82 lead factor location to 1.52 lexd factor location during the 20 year inservice
inspoction (May 1997/13.58 EFFY)




Recccpendod

1 Februxry 1986

Capsule Withdrawal Sdm.xla Per :

_IW E185-82 Revised Withdrawal Schodile#

Cypsule  Vessal capstne Capsule Est{mated Chpsu.la(u) Estimated )Ludn:(n’ Estimated

Soaquence  EFFY  Fluence, n/cs® 1.D. WY fluence, n/cm? RV fluenoe, /ol Withdrawal,Yr

First 1.5 SEA8 or Ves 1.0 2.87E18 1.73E18 ' ' —
Ry 50F "

Socord 3 1.0E19 u 6.1 1.03E19 8.95E18 1989

Third 6 - 2.CE19 X 7.1 1.78E19 1.04E1%9 1950

' (EOL T/43)
& Fourth 15 3.4E19 Wees 17,0 3.60E19 2.43E19 2004

(EOL 1.W.)

Fitth 0L >3,.4E19 Yasn 2.8 | ‘ 5.25F19 J.40E19 2011

NOTE: Remainder of capsules (2, T, and §) noved to maximm lead factor

lm: now iy ¢

XA 9 Nr0IqER

position during inservice inspections as positions becooe muablc
in order to maxirize total fluenca.

* - Reviewad after cach fuel cycle ard revised as nexded after each capsule withdrawal and evaluation.
‘ Estimatod withdrawals based on 18-month fuel cytles and 0.80 plant mpacity

** = Capsule withdrawn and evaluated.
*4s - Transferred from 0.82 lexd factor location to 1.52 lead factor location during tha 10 year {inservica

inspecticn (August 1990/7.15 EFPY).




5. INTEGRATED REACTOR VESSEL SURVEILLANCE PROGRAM

The idea of an integrated reactor vessel surveillance progran
develops whenever two or nore nuclear plants share the same
site, or when owned by the gsame 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 requircments set
forth in 10CFR50, Appendix H, as applicéble to integrated
surveillance programs are as follows:

"C. An integrated surveillance program may be
considered for a set of recactors that have similar
design and oporating fecatures. The representative
naterials 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 nunber of specimens
per recactor is pormitted, but the amount of testing
rmay be reduced if the initial results agree with
predictions. 1Integrated surveillance program must
be approved by the Diroctor, Office of Nuclear
Reactor Regulation, on a case-by-case baslis.
Criteria for approval include tho following conaid-
crations:

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

2, There nust be adeguate arrangenmont for data
sharing betwean plants.

3. Thore nmust be a contingency plan to assure that
the surveillance program for cach reactor will
not be jeopardized LYy 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 as reduced power outages or
roduced personnel exposure to radiation, as a
result of not requiring surveillanco capsules
in all reactors in the sot."
The four requirenmonts as set forth above can be met by the
virginia Power planta. The plants aro similar {n design and
power ratingo, especlially as to current knowledge as to flux
rate effects on necutron radiation damage. Since the plants have
the same owher no problems would exist aa to data sharing. Each
plant could continue to have a plant gpecific surveillance
program as a backup in case the other plants experienced a
protracted shutdown. Finally, there would be a gain frozo the
reduced personnel exposed to radiation.

The fault of this approach is the wording in the first para-
graph, "... must be an adequate dosimetry progranm for cach
reactor™. In recent ycars, the monitoring of the neutron
fluence the reactor vessel receives has developed to be of
¢qual importance with ronitoring material damage. 1In fact,
becauze of the large uncertainties that can be assigned to
flucnce analysis, if not proporly_vcritied ({.e., dosimeters in
removed surveillance capsules), when combined with materials
property changes can produceae restricted pressura-temperature
operations which could more than offset gpavings to be realized
from a surveillance capsule evaluation. On the other hand, if a
capsule {s removed to baenchmark a fluence detormination a major
portion of the cost i3 associated with the dosimeter and fluence
evaluation. Therefore, it would be more practical to perforn
the complete capsule evaluation.

In addition, the new raviusion of Regulatory Guide 1.99, gives
credit for obtaining surveillance data for the controlling

materials, When two or more credible data points beconme .

available from a roeactor they may be used to deternmine the
adjusted reference temperature and decrecase in Charpy upper
shelf energy. With the exception of Surry Unit 1, all the
plants have the controlling materials in their surveillance
programs., Thus, the data should provide the best cvaluation ot
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material damage to nminimize the effect on operating limita-
tions. In the case of North Anna Unit 1, the weld metal in the
surveillance progranm is similar to the controlling weld metal
and nay be used to provide a high degree of confidence that
prediction techniquos are not unduly restricting the operating
limits.

In summary, while an integrated reactor vessel surveillance
program for MNorth Anna Units 1 and 2 may be acceptable from a
requlatory viewpoint, it wsuld not be practical, since capsules
~would have to be withdrawn from each unit in order to provide a
fluence benchmark. However, this option may become practical in
the future and should be re-avaluated after additional capsules
have been rexoved and cvaluated. '
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6. SUMMARY

As a result of this review and update the reactor vessels
materials data bases for North Anna Units 1 and 2 were found %o
be in compliance with 10CFR50, Appendix G. The surveillance
program materials properties data bases and capsule withdrawal
schedules are in compliance with 10CFRS0, Appendices G and H to
the oxtent practical and will provide the material data neces-
sary to insure continued compliance with these apéendices.
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7. CERTIFICATION

The reactor pressure vessel material property data bases and the
reactor vessel material surveillance prograzs for Virginia
Electric and Power Coxpany North Anra Units 1 and 2 were updated

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

S e 7l

A. L. Lowe, Jry// P. E. 7 Date
Project Technifal Manager

This report has been roviewed for technical

content and
accuracy.

K Bl 9/3/x

L. Gross. P. E. 'pate
Prin ipal Engineer

“his repert has been approved for release.

N A

5, 3. [Firth 77 ,ata
Project Manager
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..

ARCHIVE SURVEILLANJE MATERIAL

An inventory of the archive material available from the reactor
~vessel surveillance programs of the North Anna Units 1 and 2
showed that the following materials are in storage at the
reactor systen suppliar.

~lopth Anna Unit 1:

Ho archive surveillance material for this reoactor pressure
vessael was located at the roactor systea suppller.

torth Anna Unit 2:

Intermediate shell forging/forging No. 990496/292424;

)} piecc - 3" x 9-3/4" x 19"

Weld metal W04 (Forzing 990495/292424 to forging 990533/29731585);
1 piece - 3" x 6-1/2" x 6-1/2" |
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APPENDIX B
SUMMARY OF SURVEILLANCE CAPSULE RESULTS
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Horth Anpa tais 1 - Capsule V
Capsule fluence: 3.13 x 10%8p/cz2(32)

‘Tension Test Reaults (Unirradiased):
Specizen Test tezp. __ _Strenqgth, pei _ _ERlongasion, 3} R.in A.
nugber 2 0.2 yield Ultimate Unil. _Tozal _ %
Bane Metal (9904007292332} Axial
-~ RT 70,700 92,500 11.9 18.8 £9
-- 300 64,400 84,900 13.% 22.6 62
- 600 55,600 86,200 15.5 23.3 55
Weld _Met W=0
- : RT 64,200 79,400 9.7 19.2 71
- 300 62,000 75,800 9.6 21.0 68
-- 600 60,900 78,700 9.4 15.0 60
Tension Test Results (Ixradiated)
Specimen Test texzp. Strength, psé _Elongation., 3 R.in A.
nupber F Q.2 vield Ultimate Unif., _To%tal _ %
Bane Metal (990400/292332) Axial
vT-3 RT 80,400 99,300 12.0 20.9 55
vT-4 548 64,700 95,700 10.0 18.4 47
Weld Metial
VK-4 RT 70,800 84,500 13.0 19.3 65
V-2 548 63,600 84,500 11.7 19.0 57
B2 Babcock & Wiicox
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4A,............--------1
Charpy Impact Teot Rasultls
Increase in 20 ft-1b Tranaition Temperature, F:
_ Predicted

—Material _ __  Unirxradiated Irradiated Shift R.G.)1.29/2
.Bann Motal (Axial) +46 +65 19 84
Bage Metal (Tangent.) -6 +1) 319 84
Heat-Affeocted~-Zoneo =51 *4 55 84
Weld Metal -26 +52 78 35
Decreane in Upper Shelf Energy. ft-lba,

| Predicted
— Matexdinl = Unirradiated Ixradiated Shift R.G.1,99/2
Baso Matal (Axial) I85 75 10 16
Banc Metal (Tangent.) 135 122 13 26
Heat~Affected-2Zona 145 105 40 28
Held Matal : 25 95 0 16

Raference: A. L. lowa, Jr., g% _al, "Analysis of Capoule Vv,
Virginia Elactric & Power Company North Anna tnit
No. 1 Reactor Vessel Materials Surveillance Program,”
DAW-1638, Babcock & Wilcox, Lynchburg, Virginia,
May 1981
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dorth Anpna Unit 2 - Capsule ¥
Capsule fluonce: 2.87 x 10'8n/ca2(1?)

Tenslon Test Results (Unlrradiated):

Specizen Taat temp. stronath._psi _Elongatien._Y_ R.in A.
owrher __ F 0,2 yield Ultinmate _uUnif, . Tetal. .y

:Bﬁﬂswmazﬁlm122932§1222523J.Axi§1

-—- RT 84,900 102,000 13.2 19.0 48
- 300 27,700 95,200 10.5 16.7 50
- 550 75,800 97,200 11.5 18.1 48

Hold Metal
-- RT 76,100 86,000 4.2 24.2 69
- 300 68,500 77,100 10.7 20.9 67

- 550 63,900 80,100 1.9 21.5 62

IangL9n_Iga&.ﬁgnnl&n_;xngdigianx

Specizen Test temp. Strenath. psi _Elongatien.. % R.in A,
Jpuphex _ F 0,2 yield Ultimate Undf, _Total _ %

Pano_Metal (990496/292424) Axial

GCT-4 68 85,600 104,500 7.5 18.4 15
GT~-3 550 50,100 98,700 5.1 13.3 51
Welr A
GW=-3 68 78,600 91,600 6.2 19.7 64
GW-4 Specimen damaged during cquipment malfunction
B~4 Babcock & Wilcox

& MqDetmott company




charpy Ippact Test Rogultso
L= = > :
_ redicted
Material Unirradiated Irradiated Shif: R.G.1.99/2
 Base Metal (Axial) +60 +69 9 51
Base Metal (Tangent.) -13 -4 S 51
Heat-~Affected-Zone -54 -34 10 51
Weld Metal -26 -24 2 | 32
Recrease in Upper Shelf Energy, ft-lba,
Predicted
—Material ___ Unirradiated Irradiated shift R.G.1.9972
Base Metal (Axial) 75 62 13 11
Base Metal (Tangent.) 120 120 0 18
Heat-Affected-zone 95 8s 6 16

Wold Metal 118 92 23 20

Reference: A, L. lowe, Jr., et _al, "Analysis of Capsule V,
Virginia Electric & Power Company Reactor Vessel
Materials Surveillance Progranm," -
Babcock & Wilcox, Lynchburg, Vvirginia, October 1983.
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