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l. 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 10CFR50, Appendix G.l 1In addition, the reactor
pressure vessel surveillance programs were reviewed for compli-
ance with 10CFR50, Appendix H.2 The reactor pressure vessel
surveillance capsdle 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 1 and 2 were found to
be in compliance with 10CFRS50, 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 10CFR50, Appendix H. This new 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
10CFR50, Appendixes G and H. These regulationé recognized that
the older plants could not meet all the requi}ements'dhd
established guidelines to meet the intent, if not the letter
of the regulations. In addition, these regulations have been
revised as experience, new data and analysis capability related
to reactor vessel integrity have developed. A periodic review
and update is necessarxy to ensure continued compliance with the
regulations.

1-1 Babcock & Wilcox
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2. REACTOR VESSEL DATA. BASES

The establishment of the mechanical and toughness properties of
reactor pressure vessels 1in accordance with applicable
regulations and standards is an essential aspect of the licens-
ing process. As these 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-
ture operating limitations as required by 10CFR50, Appendix G.

2.1. North Anna Unit 1

The materials and chemical composition data for the North Anna
Unit 1 reactor vessel are presented in Tables 2-1 through 2-6.
These data represent an accumulation of information 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 forgings and welds within
the belt-~line region of the North Anna Unit 1 reactor pressure
vessel are shown in Figure 2-1.

2.2, - North Anna Unit 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 & Wilcox
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The location and identification of the forgings and welds within
the beltline region of the North Anna Unit 2 reactor pressure
vessel are shown in Figure 2-~-2.

2.3. Surveillance Data Bases

Each reactor vessel has a surveillancé.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. ‘

2.4. Initial Value of Reference Temperature

The initial value of reference temperature is not always
available for the materials used to fabricate older reactor
vessels: because it was not an established requirement of the
ASME 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 ASME 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 method for.

establishing the initial reference temperature 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
conservative.

2-2 Babcock & Wilcox
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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 were 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 Initial RTNDT
Description RTypp! F std. Dev. Reference
SA508,Cl. 2 3 +30F " BAW-10046p6
RDM Welds 0 +20F SECY 82-4657
2-3 Babcock & Wilcox

a McDermott company



Table 2-1. IJIdentification of Reactor Vessel Beltline Region Weld Metals —-North Anna Unit-1

Weld

Identification

WO5A
WO5B

Wo4#

Auedwod 1100 €

XOIAA P NO0d2qey

Weld Iocation

Weld Wire
Heat No.

Process Tvpe Type Iot No.

Nozzle Shell to Interm.
Shell Seam (0.D. 94%)

Nozzle Shell to Interm.
Shell Seam (I.D. 6%)

Interm. Shell to Iower
Shell Seam

# - Denotes material included in Reactor Vessel Suxveillance Program

" Sub. Arc  SMIT 40
Suwb. Arc

Sub. Arc SMIT 40 _ 25531

Reference

Docket No. °
50-338(8)

. @)




Table 2-2. Chemical Composition of Reactor Vessel Beltline Reqion Weld Metals — North Anna Unit-l
Material . Chemical Composition, Weight Percent
Identification c Mn P S Si Cr Ni Mo v Qu Reference
WOSA 0.10 1.50 [0.020] ==  0.,36 ~— [0.10] Ol.37 — 0.30 Docket No.
< 50-338(8)
WO5B 0.09 1.49 ([0.020] - 0,33 — [0.10] 0.37 —— 0.11 " r ‘
wo4# 0.06 1.29 0.020 0.012 0.35 0.25 0.11 0.49 0.001 0.086 LU

# - Denotes material included in Reactor Vessel Surveillance Program

§-2

Auedwod 110u2gOW €

XOJ]IA 2 >0oqeg

[ ] - Estimate based on review of similar material

®




Table 2-3. Mechanical Properties of Reactor Vessel Beltline Reqion Weld Metal — North Anna pnit 1

Auedwo)d 130w1agOW e
XOJIMA 2 Hoooqeqg

* - Estimated per NRC Standard Review Plan Section 5.3.2
** - Estimated per Section 2.4 )
# = Denctes material included in Reactor Vessel Surveillance Program

Toughness Properties Tensile Properties, RT
Weld 10F Eneryy, USE, S Ksi Elong RA Post Weld
~ Identification T!'LI"F Ft-Ibs Rlypype F Ft-Ihs - Yield Ult. % % Heat Treatment Reference
WO5A o* —_ OR* - -— - - - — Docket No. . )
C 50-338(8) -
Wo5B 0% -— Okx% —_— -— e — — — "
Wo4$ -13 — : 19 102 — -— — - - n
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Table 2-4. Identification of Reactor Vessel Beltline Region Base Materials — North Anna Unit-1

Material Tdentification

Heat No. Type Component Code No. Supplier Heat Treatment Reference
990286/ SA508 CL.2 Nozzle Shell Forging 05 Rhenistahl — Docket No.
295213 ' Huttenwerke ‘ 50~338(8)
990311/ SA508 CL.2 Inter. Shell Forging 04 L — oo ‘
298244
990400/ SAS08 CL.2 ILower Shell Forging 03 . " — "
2923324

# = Denotes material included in Reactor Vessel Surveillance Program
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Table 2-5, Chemical Composition of Reactor Vessel Beltline Region Base Materials - North Amna Uni‘i::-l

Material Chemical Composition, Weight Percent .
Identification Cc Mn P ] Si Ni Cr- Mo Co v Cu Reference
05 0.20 0.71 0.013 0.012 0.21 0.74 0.39 0.64 -- 0.03 0.16 Docket No.
50-338(8)
04 0.2 0.75 0.010 0.019 0.21 0.82 0.33 0.64 - 0,05 0.12 " ) . )
03# 0.19 0.68 0.009 0.014 0.22 0.80 0.30 0.63 -  0.02 0.15 "

# - Denotes material included in Reactor Vessel Surveillance Program
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Table 2-6. Mechanical Properties of Reactor Vessel Beltline

Region Base Materials - North Anna Unit 1

Toughness Properties

Tensile Pﬁgperties. RT

Reference

Material USE, Strength, Ksi Elong RA
Identification Typpe F RTyrme F Ft-1bs Yield Ult. % %
05 2 6* - - - --
04 =31 17 . 92 - - -
03# =13 38 85 - - -

* -~ Estimated Per NRC Standard Review Plan Section 5.3.2.

# - Denotes material included in Reactor Vessel Surveillance Program

Docket No.. '
50~338(8)



Table 2-7. Properties of Surveillance Program Plate and Weld Material - North 2Anna Unit-1
w@rti_ Tensile Properties, RT
Identification Ft-]:bs Yield  Ult. % RA % _Heat Treatment® Reference
Forging-03 -12 +15 85, 70.68 92.55 18,80 58.85 A-1616-1725F-2-1/2HR/W0 mAP-8771(9)
T-1202-1292F-7-1/2HR/FC
S=-1130425F-14-3/4HR/FC
Weld Metal-Wo04 =12 ~12 95 64.18 79,35 19.20 71.00 S-1]301-25F-10-3./4HR/FC, "
Material ‘ Chemical Camposition, Weight Percent
Identification c Mn .__P S Si Cr _ _Ni Mo (0] \'4 Qi Reference -
Forging-03 0.20 0.68. 0.019 0.011 0.26 0.30 0.79 0.61 0.020 0.037 0.16 WcAP-8771(9)
E" Weld Metal-W04 0.06 1.29 0.020 0.012 0.35 0.025 0.11 0.49 0.006 0.001 0.086 "
o
* - A = Austentized/Water Quenched (WQ)
T = Tempered/Furnace Cooled (FC)
S = Stress Relieved/Furnace Cooled (FC)
-]
o )
14 ‘
28
3 x
S
o
i8
X

— - . . . -
;: :‘E"‘ ¥ oAt .?-} .~ [Espo~di) 1 va £y
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Table 2-8. JIdentification of Reactor Vessel Beltline Region Weld Metals ~ North Anna Unit-2

Weld Welding Weld Wire Flux
Identification Weld Iocation Process Type Heat No. _Type Iot No. Reference
WO5A " Nozzle Shell to Interm. Sub., Arc S4 Mo 4278 SMIT 89 1211  Docket No.
Shell Seam (0.D. 94%) 50-339(10)
WO5B Nozzle Shell to Interm. Sub. Arc 54 Mo 801 SMIT 89 1211 "
Shell Seam (I.D. 6%)
Wo4# Interm. Shell to Lower Sub. Arc S3 Mo 716126 1320 26 "

Shell Seam

# = Denotes n;aterial included in Reactor Vessel Surveillance Program




Table 2-9. Chemical Composition of Reactor Vessel Beltline Region Weld Metals - North Anna Unit-2

Weld Chemical Camposition, Weight Percent :
Identification o Mn P S Si Cr Ni Mo v cu Reference
WO5A 0.09 1.49 o~ -  0.33 [(0.10] 0.37 - 0.11 Docket No.
50-~339(10)
WO5B 0.086 1.58 0.012 0.012 0.43 - [0.10]1 0.5l = 0.18 n
Wo4# 0.08 1.82 0.017 0.011 0.25 0.042 0.084 0.49 0.002 0.088 " &

# - Denotes material included in Reactor Vessel Surveillance Program
[ ] - Estimate based on review of similar material

T2

Auedwod 330uwi3gOW e
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Table 2-10. Mechanical Properties of Reactor Vessel Beltline Reqion Weld Metal - North Anna Unit 2 _ ‘

Toughness Properties Tensile Properties, RT
. 10F Post Weld
Material + Energy, ' USE, Strength, Ksi Elong, RA Heat
Identification Ft-Ibs Ft-Tbs Yield Ult. % % Treatment Reference
WosA o* - Oxx = — - - - - — Docket No.
50-339(12)
WO5B O* —— O%% — - — —_— — — " .
Wo4# -67 - ~48 107 — — —_ e - "

* - Estimated per NRC Standard Review Plan Section 5.3.2
** - Estimated per Section 2.4
# — Denotes material included in Reactor Vessel Surveillance Program




Table 2-11. Jdentification of Reactor Vessel Beltline Region Base Materials — North Anna Unit-2

Material Identification

Heat No. Type Component. Code No. Supplier Heat Treatment Reference
990598/ SA508,CL.2 Nozzle Shell Forging 05 Rheinstahl — Docket: No. . )
291396 Huttenwerke 50-339(10)
990496/ SA508,CL.2 Inter. Shell Forging - 04 " — "
2924244
990533/ SA508,CL.2 " Lower Shell Forging 03 " —_— "
297355

y1-¢

Auedwod 130ws2gOW ©

XOJlIM 2 Mo0oqeg
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# - Denotes material included in Reactor Vessel Surveillance Program
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Table 2-12., Chemical Composition of Reactor Vessel Beltline Region Base Materials — North Anna Unit—2

Material : Chemical Camposition, Weicht Percent
Identification C Mn P S si Ni Cr Mo Co v Q-
05 0.20 0.68 0.010 0.013 0.25 0.77 0.34 0.60 ° — 0.01 0.08
04# 0.195 0.78 0.011 0.016 0.24 0.83 0.35 0.62 — 0.02 0.09
03 0.l16 0.66 0.013 0.017 0.15 0.83 0;34 0.59 _— 0.01 0.13

# = Denotes material included in Reactor Vessel Surveillance 'ngram

612

Reference

Docket No.
50-339(10)



Table 2-13. Mechanical Properties of Reactor Vessel Beltline
Region Base Materials -North Anna Unit 2

Toughness Properties Tensile Properties, RT

Material USE, Strength, Ksi Elong RA
Identification T F RT ,F Ft~-Lbs - Yield Ult. % % Reference
NDT NDT
05 +5 9* - - Lo -- - Docket No.
50-339(10)
044 -49 75 74 - T - - - "
03 -13 56 80 - J— - -- "

* - Estimated Per NRC-Standard Review Plan Section 5.3.2.

# - Denotes material included in Reactor Vessel Surveillance Progrém

9T~¢

Auedwod 130uw9gOW €
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Table 2-14. Properties of Surveillance Program Plate and Weld Material - North Anna Unit—2 .

_Toughness Properties Tensile Properties, RT

Material Tupr' R USE, Stremgth, ksi Elong
Identification EIDI' Ft=-Ibs Yield Ult. % RA % - Heat Treatment* Reference
Forging-04 -48 +57 75 84.90 102.00 19.00 48.20 A-1688-1697F-2 1/2HR//WQ) wcap-8772(11)

© =1220-1229F _
S-1130+25F-14 3/4HR/FC

Weld Metal-Wo4  -66 -52 115 76.08 85.90 24.20 69.25 S-1130425F-13 1/2HR/FC " . .

Material chemical Composition, Weight Percent :
Identification c Mn P _s__si cr Ni Mo Co v (3] Reference
Forging-04 0.19 0.76 0.018 0.011 0.25 0.35 0.86 0.60 0.003 0.031 0.11  Wcap-8772(11)
Weld Metal-Wwo4 0.08 1.82 0.017 0.011 0.25 0.042 0.084 0.49 <0.002 0.002 0.088 "

* - A = Austentized/Water Quenched (WRQ)

T = Tempered/Furnace Cooled (FC)
S = Stress Relieved/Furnace Cooled (FC)



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 TOUGHNESS

One aspect of reactor pressure vessel licensibility is the
toughness of the materials used in its fabrication. These
properties are used to calculate the pPressure~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 is 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 RTNDT.of the beltline region
materials will be high enough that the beltline region of the
reactor vessel will start to control the pressure-temperature
limits of the reactor coolant pressure boundary (RQ?). 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 taken to be
the lowest of the three calculated pressures.

3-1 Babcock & Wilcox
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The unirradiated toughness properties of -each reactor pressure
vessel were determined for tpe belt-line region materials in
accordance with 10CFR50, Appendix G. For the other belt-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 RTypp to the unirradiated RTypp including
margin. The predicted shift, RTyppe 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-
tions. The design curves of regulatory Guide 1.99, Rev. 2,

were used to predict the radiation-induced shift of RTNDT‘

The results of the evaluation are presented in Tables 3-1 and
3-2 which show that both reactor pressure vessels have RTNDT
values which will permit normal operation to the expiration of
current licenses.

3-2 Babcock & Wilcox
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Table 3-1. Evaluation of Reactor Pressure Vessel Fracture Toughness - North Anna Unit-1 .

: l-'luenca. at an:ze?g Rlypp at Quxrent

. . \ License Bpiration™ Licensa Bxpiration(S)
Material Jdentification Beltlina Chemieal corposition®  mitim Inside , T/4 Location, Inside Surface, T/4 Location,
Heat Mo. Type Region Location  Cepper w/o  Nickel w/o RI‘WI,,F(&) Margin,F(c) /e n/cx P P
Forging 05 SA508,C1.2 HNozzle Shell Forging 0.16 0.74 6 34 2.49E18 1.46E18 116 106
Forging 04 SASOB:CI.Z Intem. Shell Forging 0.12 0.82 - 17 34 3.11E19 Y ]‘.‘.83219 162 149 . .
Forging 03 SAS08,01.2 Iower Shell Forging 0.16 0.80 = 38 k!] 3.11F19 ++  Y.83El19 232 212
Weld 05A Sukna, Arc  Noz. Int. Cir. Wald 0.30 0.10 0 69 -— -°  1.46E18 - 144
Wald 05B &Xh}. Arc Koz, to Int. Cir. Weld 0.11 0.10 ] 69 2.49E18 — 105 —_—
Weld 04 Sutn, Arc

Lower Cir. wWeld 0.086 0.11 .19 56 3.11E19 1.83E19 142 133

(8) por Tables 2-1 2-6
EZ;Per wcap-nom‘m : )
Per Requlatory Guide 1.99, Rev. 2
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Table 3-2. Evaluation of Reactor Pressure Vessel Fracture Toughnéss -.North Anna Unit-2

ca Beltline

(a)

Initia)
Heat No. Type Regicn Iocation  Oopper w/o  Nickel w/o irmr_'f(a) _ Margin,r(c)
Forging 05 SA508,C1.2  Nozzle Shell 0.08 0.77 9 3
Forging 04 SA508,C1.2  Interm. Shell 0.09 0.83 75 34
Forging 03 SA508,C1.2  Lower Shell 0.13 0.83 56 34
veld 0SA Sutm. Arc Noz. to Int. Cir. 0.1 0.10 0 69
Weld 05B  Sulm. Arc Noz. to Int. Cir. 0.18 0.10 0 69
Weld 04  Sum. Arc Int. to Low, Cir, 0.088 0.084 ~48 56

Fluenca at Qm:u(xg Rlypp at Qurent
Iicensa Bxpliration ) License mplntlm(c)
Insida Surface, T/4 location, Insida Surface, T/4 Location,
ol | e F P :
2.72E18 1.60E18 76 72
3.40E19 2.00E19 186 177
3.40E19 2.00E19 217 201
-— 1.60E18 — 102
2,72E18 -~ 125 -—
3.40E19 . 2.00E19 74 57

N iy

. "




4. REACTOR VESSEL SURVEILLANCE PROGRAMS

The désign of a reactor vessel materials surveiliance program
is based on the. need to monitor the toughness properties of the
rcontrolliﬁg 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. ' 1

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.

4.1. North 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 new 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 durihg scheduled ten year reactor vessel
inspections.

v

Two methods are permitted to determine when a capsule is to be
removed for evaluation; i.e., EFPY exposure or cumulative
fluence. 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
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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. North Anna Unit 2

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 new withdrawal schedule based on accumulative
fluence in accordance with ASTM E185-82. The new proposed
withdrawal schedule for North Anna Unit 2 is shown in Table 4-2.

4.3. Spare Capsules

Extra Surveillance Capsules not required to meet the current
requirements “of ASTM E185-82 will remain in.the reactor 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 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.

4.4. Archive Surveillance Material

The availability of additional surveillance material is impor-
tant in the event that additional materials properties data is
needed for the reactor vessel controlling beltline: region
materials; or, in the event that licensing requirements change
and new data is required which necessitates applx}ng improved
testing techniques to the 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
presented in Appendix A.

Al
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4.5, Capsule Evaluation Results

The results of the evaluation of the surveillance capsules

removed from North Anna 1 and 2 are summarized in Appendix B.

The cépsules removed to date are:
North Anna Unit 1 ~ Capsule V
North Anna Unit 2 ~ Capsule V

Babcock & Wilcox
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Table 4-1. Revised Surveillance Capsule Withdrawal Schedule - North Anna Unit-1

Recamended

Capsule Withdrawal Schedule Per

10CFR50, Appendix H, and E185-82

1 February 1986

Revised Withdrawal Schedule*

Estimated capsﬁle(lz) Estimated Ha}dmnn(lz)

Capsule  Vessel Capsule Capsule Estimated
Sequence  EFPY  Fluence, n/cm? I.D.  EFFY fluence, n/cm? RV fluence, n/cm? Withdrawal, ¥r.
First 1.5 5E18 or - Vikk 1.1 3.13E18 1.89E18 —
RI‘NDI,>50F
Second 3 9E18 U 5.8 9.02E18 8.61E18 1987
Third 6 1.8E19 X 8.1 1.88E19 1.13E19 1990
(EOL T/4)
Fourth 15 3.1¥19 Wk 16.9 3.05E19 2.16E19 2002
(EOL I.W.)
Fifth 25 4,.21E19 3.11E19 2011

EOL >3.1E19 Yhkkik

NOTE: Remainder of ca.psules (2, T, and S) moved to maximm lead factor
position during inservice inspections as positions become available
in oxder to maximize total fluence.

* - Reviewed after each fuel cycle and revised as needed after each capsule withdrawal and evaluation.
Estimated withdrawals based on 18-month fuel cycles and 0.80 plant capacity.

k% -

Capsule withdrawn and evaluated.

*k% - Transferred from 0.82 lead factor location to 1.52 lead factor location during the 10 year inservice

inspection (May 1987/5.89 EFPY).

**%% ~ Transferred from 0.82 lead factor location to 1.52 lead factor location during the 20 year inservice

inspection (May 1997/13.58 EFPY)

"
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Table 4-2. Revised Surveillance-Capsule Withdrawal Schedule - North Anna Unit-2 :

1 February 1986

Recommended :

Capsule Withdrawal Schedule Per ] .
10CFR50, Appendix H, and E185-82 Revised Withdrawal Schedule* :
Capsule  Vessel Capsule Capsule Estimated Gapsule(lz) Estimated Ma:dmm(lz) Estimated

Sequence  EFPY  Fluence, n/cm? I.D. .EFPY fluence, n/cm? RV fluence, n/cm?®  Withdrawal,¥r
First 1.5 5E18 or V* 1.0 2.87E18 1.73E18 - .
RI'NDI,>50F . \ .
Second 3 1.0E19 u 6.1 1.03El9 8.95E18 1989
Third 6 2.0E19 X 7.1 1.78E19 1.04E19 1990
(EOL T/4)
- i i
Y] Fourth 15 3.4E19 : Wik 17.0 3.60E19 2.43E19 2004
(EOL I.W.)
Fifth "FOL >3.4E19 . Ykkk 23.8 5.25E19 3.40E19 2011

NOTE: Remainder of capsules (2, T, and S) moved to maximm lead factor
position during inservice inspections as positions beccme available
in order to maximize total f1 . .

* - Reviewed after each fuel cycle and revised as needed after each capsule withdrawal and evaluation.
Estimated withdrawals based on 18-month fuel cycles and 0.80 plant capacity.
*% ~ Capsule withdrawn and evaluated. , . .
**% — Transferred from 0.82 lead factor location to 1.52 lead factor location during the 10 year inservice

inspection (August 1990/7.15 EFFPY).
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5. INTEGRATED REACTOR VESSEL SURVEILLANCE PROGRAM

fhe 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
surveillance programs are as follows:

"C. An integrated surveillance program may be
considered for a set 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 Y
per reactor is permitted, 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.Nuclear
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 for 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.

Babcock & Wilcox
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There must be a substantial advantage to be
gained, such as reduced power outages or
reduced personnel exposure to radiation, as a
result of not requiring surveillance capsules
in all reactors in the set." .

The four 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 have
the same owner no problem would exist as to data sharing.. Each
plant could continue to have a plant specific surveillance
program as a béckup in case the other plants experienced a
protracted shutdown. 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 vessei receives has developed to be of
equal importance with monitoring material damage. In fact,
because of the large uncertainties that can be assigned to
fluence 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
capsule is removed to benchmark a fluence determination a major
portion of the cost is associated ﬁith_the dosimeter and fluence
evaluation. Therefore, it would be more practical to perform
the complete capsule evaluation.

In.addition, the new revision 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
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 evaluation of

5-2 Babcock & Wilcox
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material damage to minimize the -effect on operating limita-
tions. In the case of North Anna Unit 1, the weld metal in the
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 North Anna Units 1 and 2 may be acceptable from a
regulatory viewpoint, it would 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-evaluated after additional capéules
have been removed and evaluated.

Babcock & Wiilcox -
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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 to
be in comp-liance with 10CFR50, Appendix G. The surveillance
program materials properties data bases and capsule withdrawal
schedules are in ‘compliance with 10CFR50, Appendices G and H to
the extent practical and will provide the material data neces-
sary to insure continued compliance with these appendices.
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7. CERTIFICATION

The reactor pressure vessel material property data bases and the
reactor vessel material surveillance programs for Virginia
Electric and Power Company North Anna Units 1 and 2 were updated
in accordance with the requirements'of 10 'CFR 50, Appendixes G

and H.

(%J%

s/ /ee

A. L. Lowe, Jré/ . E.
Project Technifal Manager

This report has been reviewed for technical

accuracy.

/ Ddte

content and .

'7/3/ %C

FB%—

Gross, P. E.
Prin ipal Engineer

" This report has been approved for release.

Ipate

/s /e

D. J. [Fikth # /pate
Project Manager
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ARCHIVE SURVEILLANCE 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 system supplier.

North Anna Unit 1:

No archive surveillance material for.this reactor pressure
vessel was located at the reactor system supplier.

North Anna Unit 2:

Intermediate shell forging/forging No. 990496/292424,

1l piece = 3" x 9-3/4" x 19"

Weld metal W04 (Forging 990496/292424 to forging 990533/297355),
1 piece - 3" x 6-1/2" x 6=-1/2"

aA-2 Babcock & Wilcox
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N SUMMARY OF SURVEILLANCE CAPSULE RESULTS
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North Anna Unit 1 - Capsule V

Capsule fluence: 3.13 x 1018n/cm2(12)

Tension Test Results (Unirradiated):

Specimen Test temp. Strenagth, psi Elongation, % R.in A. )
numbexr F 0.2 yield Ultimate Unif. _Total ___.%

Base Metal (990400/292332) Axial
- RT 70,700 92,500 11l.9 18.8 59
- 300 64,400 84,900 13.4 22.6 63
—— 600 55,600 86,200 15.5 23.3 55

Weld Metal (W-04) '
- 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 19.0 60 ST

Tensidn Test Results (Irradiated) ‘ ' : ¢

Specimen Test temp. Strength, psi Elongation, % R.in A. -
number F 0.2 yield Ultimate _Unif, Total % )
44

Base Metal (990400/292332) Axial .
VI-3 RT . 80,400 99,300 12.0 20.9 55 | Y

vT-4 548 64,700 95,700 10.0 18.4 47 ’

- l: e.-?r
Weld Metal Ll
VW-4 .RT - 70,800 84,500 13.0 19.3 65 .
VW-3 548 63,600 84,500 11.7 19.0 57 P
2.

g

y

Es é:’-

£,

;‘ .
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> Charpy Impact Test Results

Increase in 30 ft-1b Transition Temperature, F:

\ Predicted
Material Unirradiated Irradiated sShift R.G.1.99/2
Base Metal (Axial) +46 +65 19 84
Base Metal (Tangent.) ‘=6 +33 39 84
Heat-Affected-Zone =51 | +4 55 m 84
Weld Metal ' , -26 +52 78 35
Decrease in Uggef Shelf Enerqgy, ft-lbs.
Predicted
Material Unirradiated Irradiated Shift R.G.1.99/2
Base Metal (Axial) 85 75 10 16-
Base Metal (Tangent.) 135 122 13 26
Heat-Affected-Zone 145 105 40 28
Weld Metal ‘ 95 95 0 16

Reference: A. L. Lowe, Jr., et al, "Analysis of Capsule V,
Virginia Electric & Power Company North Anna Unit
.No. 1 Reactor Vessel Materials Surveillance Program,"
BAW=-1638, Babcock & Wilcox, Lynchburg, Virginia,
May 1981
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North Anna Unit 2 -~ Capsule V

Capsule fluence: 2.87 x 10-%n/cm2(12)

Tension Test Results (Unirradiated):

Specimen Test temp. Strenagth, psi Elongation, % R.in A.
numbexr F 0.2 vield Ultimate _Unif. Total %

Base Metal (990496/292424) Axial .

- RT 84,900 102,000 13.2 19.0 48
-— 300 - 77,700 95,200 10.5 16.7 50
- 550 75,800 97,200 11.5 18.1-.- 48

Weld Metal i
- RT 76,100 86,000 14.2 24.2. 69
- 300 68,500 77,100 10.7 - 20.9 67
- 550 63,900 80,100 11.9 21.5 62

Tension Test Results (Irrégiated)

Specimen Test temp. Strength, psi Elongation, % R.in A.
numberxr F 0.2 yield Ultimate _Unif, Total %

Bage Metal (990496/292424) Axial

GT-4 68 85,600 104,500

7.5 18.4 45
GT-3 550 90,100 98,700 5.1 13.3 Sl
Weld Metal
GW-3. 68 78,600 91,600 6.2 19.7 64
GW-4 Specimen damaged during equipment malfunction
B-4 | " Babcock &Wilcox
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Cha Impact Test Results

Increase in 30 ft-1b Transition Temperature, F:

Material Unirradiated Irradiated
Base Metal (Axial) +60 +69
‘Base Metal (Tangent.) -13 -4
Heat-Affected-Zone ~-54 -44
_Weld Metal -26 -24
Decrease in ﬁgger Shelf Enerqgy, ft-lbs.
Material Unirradiated Irradiated
" Base Metal (Axial) 75 62
Base Metal (Tangent.) 120 " 120
Heat-Affected~Zone 95 89
Weld Metal 115 92

Predicted
shift R.G.1.99/2
9 51
9 51

10 51

2 32
Predicted
Shift R.G.1.99/2

13 11

0 18I

6 16

23 20

Reference: A. L. Lowe, Jr., et _al, "Analysis of Capsule V,
" Virginia Electric & Power Company Reactor Vessel
Materials Surveillance Program," BAW-1794,
Babcock & Wilcox, Lynchburg, Virginia, October 1983.
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