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Title _Oconee Units 1, 2 and 3 License Exemption Using BAW-2308

PURPOSE AND SUMMARY OF RESULTS:

Purpose:

The purpose of this document is to summarize the pressurized thermal shock reference temperature
(RTers) [1] and adjusted reference temperature (ART) [2] calculations at 54 EFPY for Oconee Units 1, 2
and 3 when using alternate initial RTnpr (nil ductility reference temperature) and o, (standard deviation
of the initial RTypr) values from BAW-2308, Revision 2-A. This document also provides the text that
Duke Energy will need in their request for exemption to 10CFR50.61 and 10CFR50 Appendix G.

The purpose of Revision 2 is to report ART values calculated at additional locations to aid the pressure-
temperature limits analysis, which is performed separately.

Resuits:

When using the initial nil ductility reference temperature and g, values from BAW-2308, Revision 2-A,
the RTpyg values were below the screening criteria for all Oconee beltline materials. The controlling
beltline material for the Oconee Unit 1 reactor vessel is the Upper Shell Longitudinal Weld, SA-1493,
with a predicted RTpys value of 196.0°F. Screening criterion from this material is 270°F. The controlling
beltline material for the Oconee Unit 2 reactor vessel is the Upper Shell to Lower Shell Circumferential
Weld, WF-25, with a predicted RTprg value of 226.1°F. Screening criterion from this material is 300°F.
The controlling beltline material for the Oconee Unit 3 reactor vessel is the Upper Shell to Lower Shell
Circumferential Weld ID (75%), WF-67, with a predicted RTpys value of 222.5°F. Screening criterion
from this material is 300°F.

ART values were calculated using the initial RTyor and g, values from BAW-2308, Revision 2-A and

Regulatory Guide 1.99 Revision 2, for all the Oconee beltline materials. The results are presented in
section 4.0.
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Record of Revision

Revision Pages/Sections/
No. Date Paragraphs Changed Brief Description / Change Authorization
000 June 2009 | All Original Submittal
001 April 2010 | Section 1.0 Removed statement about when the Oconee fluence
calculations were last updated
Section 2.0 Removed statement about the 32 EFPY fluence values

being compliant with RG 1.190

Tables 3-1, 3-2 and 3-3 Plate and forging type corrected; footnotes added

Section 7.0 References 1, 2 and 8 updated
002 June 2010 Tables 4-2 and 4-3 Changed 55 EFPY to 54 EFPY

Section 7.0 Reference 2 updated, added references 11-16 and
renumbered all references

Sections 2.0 and 4.0 Perform an ART calculation at an additional location
on the LNB forging (Location 2) at Oconee Unit 1.
Added Figures 2-1 and 2-2.

Sections 2.0 and 4.0 Performed an ART calculation at an additional location
on the LNB forging (Location 4) at Oconee Units 2 and
3.

Tables 3-1, 3-2, and 3-3 Added Location designation to the lower nozzle belt
forging
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1.0 INTRODUCTION

Lower initial RTnpr values for the high copper Linde 80 welds B&W used in fabricating reactor vessels have
been justified in topical report BAW-2308, Rev. 2. Technical approval by the NRC has been completed and is
contained in BAW-2308 Rev. 2-A [3]. As stated in the NRC safety evaluation, each utility must submit a request
for exemption per 10CFR50.12 [4] from the requirements of 10CFR50.61 [5] and/or 10CFR50 Appendix G [6] to
use the lowered initial RTypr values. The submittal must include pressurized thermal shock (PTS) and/or adjusted
reference temperature (ART) calculations. A significant input to these calculations is the projected fluence at the
reactor vessel. Fluence projections that were submitted as part of the Oconee license renewal application for 48
EFPY are extrapolated to 54 EFPY. The use of 54 EFPY for the 60-year life was a conservative estimate and may
be updated based on specific plant data at a later time. The PTS and ART values are calculated in support of the
exemption request. Once the full pedigree fluence projection is completed, which takes into account the change to
2 year cycles and other fuel changes, PTS and ART values can then be recalculated for input to the pressure-
temperature curve effort.

20 PROJECTED REACTOR VESSEL FLUENCE

The inner surface neutron fluence is the calculated value defined at the inside wetted surface of the Oconee Units
1, 2 and 3 reactor vessels. The projected 54 EFPY inner surface fluences for the Oconee Units 1, 2 and 3 reactor
vessel beltline materials are listed in Table 2-1, Table 2-2 and Table 2-3. These 54 EFPY fluences were calculated
by extrapolation using the previously reported projected 32 EFPY [7] and 48 EFPY [8] inner surface fluence
values. The 48 EFPY fluence values were calculated in accordance with the requirements of U. S. NRC
Regulatory Guide 1.190 [9], using a methodology described in detail in AREVA fluence topical report BAW-
2241P-A [10]. For Oconee Unit 1, the projected fluence values for the lower nozzle belt (LNB) forging and the
LNB to intermediate shell (IS) circumferential weld decreased from 32 EFPY to 48 EFPY. This was due to the
change in the fluence calculation methodology for components above the core from an overly conservative
method to a more accurate method. The 54 EFPY fluences for the Oconee Unit 1 LNB and the LNB to IS
circumferential weld were calculated using the average percent increase in fluence from 48 EFPY to 54 EFPY of
the remaining Oconee Unit 1 beltline materials.

The thickness of the lower nozzle belt (LNB) forging at Oconee Unit 1 varies from 8.44 [11] to 12.0 inches [12),
as shown in Figure 2-1 [13]. The peak RPV fluence at Location 1 was calculated using the extrapolation method
discussed above. The fluence at Location 2 was estimated to be equal to the fluence at Location 1, as shown in
Table 2-1. This estimation is conservative because Location 1 is closer to the core. ART values were calculated
for both Locations 1 and 2, as shown in Section 4.0.

The inside wetted fluence of the LNB forging at Oconee Units 2 and 3 wete estimated at two locations because of
the thickness change of the forging. These two locations are shown in Figure 2-2 [13]. Location 3 represents the
location of the peak inside fluence of the 8.44 inches [11] thick portion of the LNB forging, which was calculated
using the extrapojation method described above. The fluence at Location A is used as a conservative estimate of
the fluence at Location 4; this estimate is conservative because Location 4 is farther from the core than Location
A. Location A at Oconee Units 2 and 3 is at the same location as the LNB to IS circumferential weld (SA-1135) at
Oconee 1, which is 11.0 feet from the reactor vessel flange mating surface. This distance of 11.0 feet is obtained
from Reference 13 for Oconee Unit 1, References 14 and 15 for Oconee Unit 2 and References 15 and 16 for
Oconee Unit 3. The projected 54 EFPY fluence at Oconee Unit 1 IS to US circumferential weld (SA-1229) is
greater than the similarly located Oconee Unit 2 LNB to US circumferential weld (WF-154) and Oconee Unit 3
LNB to US circumferential weld (WF-200), as shown in Table 2-1, Table 2-2 and Table 2-3. These three welds
are all 13.5 feet from the reactor vessel flange mating surface [13]. Based on this information, the flux at the
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Oconee Unit 1 LNB to IS circumferential weld (SA-1135) will likely be equal to or greater than the flux at
Location A at Oconee Unit 2 and 3. Therefore the 54 EFPY fluence at Location A for Oconee Unit 2 and 3 is
projected to be 1.25x10'® n/em?, which is equivalent to the similar location at Oconee Unit 1. ART values were
calculated for both Locations 3 and 4, as shown in Section 4.0.

2 U Nozzl
e N e L
1 | — Outiet Nozzle Forging
Location 2: Beginni f
1;7:‘1' t?'irllckneig nning o <) Weld SA 1036 and SA 1101
Location 1 8.44 in. thickness Lower Nozz e étBFGO{glng
,7§: Weld SA 1 135
SA 1073, intermediate Shell
Dby | ﬂ_\ ey
— Weld SA 1229 Inside 61%:; WF
H Outside 359% 25
= U r Shell
SA 1493 i C3265:1 and 32781
L
'
\ r J——— Weld SA 1585
_wd
SA 14301 o Lower Shell
SA 1426 02800 T'and C2800.2
]
i Weld WF 9 :
Dutch
u cz 2rr§52 Forﬁlna
Weld SA 1263
Lo d
53

Figure 2-1: RPV Configuration for Oconee Unit 1 [13]
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2 i Upper Nozzle Belt Forging
| ) o——— Outlet Nozzle Forging
i

Weld

Location 4: Beginning of 12.0 in.
portion of the forging -

Location A: Peak fluence used for_————""| fae—m"" Lower Nozzle Belt Forging

the 12.0 in. section (Location 4)
/"///

Location 3: Peak fluence of 8.44 in. Y ———— Upper Shéll.Forging

portion of forging
{ L——— Weld

Weld

Weld
Dutchman Forging
Weld
Lower Head

Figure 2-2: RPV Configuration for Oconee Units 2 & 3 [13]
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Table 2-1: Inner:Wetted Surface Fluence (E>1.0 MeV) Values for the Oconee Unit 1
Vessel Beltline Materials

Material Inner Wetted Fluence (n/cm®)

Beltline Materials Ident. 32 EFPY 48 EFPY 54 EFPY
LNB Forging (Location 1) AHR-54 1.18E+18 1.11E+18 1.25E+18*
LNB Forging (Location 2) AHR-54 1.18E+18 1.11E+18 . 1.25E+18*
Intermediate Shell Plate (IS) C2197-2 7.96E+18 1.18E+19 1.32E+19
Upper Shell Plate (US) C3265-1 9.04E+18 1.31E+19 1.46E+19
Upper Shell Plate C3278-1 9.04E+18 1.31E+19 1.46E+19
Lower Shell Plate (I.S) C2800-1 8.68E+18 1.31E+19 1.48E+19
Lower Shell Plate C2800-2 8.68E+18 1.31E+19 1.48E+19
LNB to IS Circ Weld 100% SA-1135 1.18E+18 1.11E+18 1.25E+18*
IS Long Weld 100% SA-1073 6.28E+18 9.24E+18 1.04E+19
IS to US Circ Weld ID 61% SA-1229 7.96E+18 1.19E+19 1.34E+19
IS to US Circ Weld OD 39% WE-25 N/A N/A N/A
US Long Weld 100% SA-1493 7.23E+]8 1.12E+19 1.27E+19
US to LS Circ Weld 100/ SA-1585 8.68E+18 1.27E+19 1.42E+19
LS Long Weld 100% SA-1426 7.29E+18 1.08E+19 1.21E+19
LS Long Weld 100% SA-1430 7.29E+18 1.08E+19 1.21E+19

* The projected fluence values for these materials decreased from 32 EFPY to 48 EFPY. This was due to the change in the
fluence calculation methodology for components above the core. The 54 EFPY fluences for these components were
calculated applying the average percent increase in fluence from 48 EFPY to 54 EFPY of the remaining Oconee Unit 1
beltline materials.

Table 2-2: Inner Wetted Surface Fluence (E>1.0 MeV) Values for the Oconee Unit 2
Vessel Beltline Materials

Material Inner Wetted Fluence (n/cm?)

Beltline Materials Ident. 32 EFPY 48 EFPY 54 EFPY
LNB Forging (Location 3) AMX-77 8.42E+18 1.19E+19 1.32E+19
LNB Forging (Location 4) AMX-77 N/A N/A 1.25E+18
US Forging AAW-163 | 9.57E+18 1.28E+19 1.40E+19
LS Forging AWG-164 | 9.19E+18 1.27E+19 1.40E+19
LNB to US Circ Weld 100% WEF-154 8.42E+18 1.19E+19 1.32E+19
US to LS Circ Weld 100% WF-25 9.19E+18 1.23E+19 1.35E+19

Table 2-3: Inner Wetted Surface

Vessel Beltline Materials

Fluence (E>1.0 MeV) Values for the Oconee Unit 3

Material Inner Wetted Fluence (n/cm?)

Beltline Materials Ident. 32 EFPY 48 EFPY 54 EFPY
LNB Forging (Location 3) 4680 8.26E+18 1.14E+19 1.26E+19
LNB Forging (Location 4) 4680 N/A N/A 1.25E+18
US Forging AWS-192 9.39E+18 1.26E+19 1.38E+19
LS Forging ANK-191 9.01E+18 1.26E+19 1.39E+19
| LNB to US Circ Weld 100% WE-200 8.26E+18 1.14E+19 1.26E+19
US to LS Circ WeldID 75% WEF-67 9.01E+18 1.22E+19 1.34E+19

1.1IS to LS Circ. Weld (OD 25%): " "WF-70 N/A | . e NIA N/A
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3.0 PRESSURIZED THERMAL SHOCK

The RTyrs values applicable at 60 calendar years (54 EFPY) for the Oconee Units 1, 2 and 3 reactor vessel
beltline materials are listed in Table 3-1, Table 3-2 and Table 3-3. These values were calculated in accordance
with the requirement specified in the Code of Federal Regulations, Title 10, Part 50.61 (10 CFR 50.61) [5] and
using the initial RTypr values and the corresponding oy values from BAW-2308, Revision 2-A [3].

The controlling beltline material for the Oconee Unit 1 reactor vessel is the Upper Shell Longitudinal Weld, SA-
1493, with a predicted RTprs value of 196.0°F. The screening criterion from this material is 270°F,

The controlling beltline material for the Oconee Unit 2 reactor vessel is the Upper Shell to Lower Shell
Circumferential Weld, WF-25, with a predicted RTers value of 226.1°F. The screening criterion from this
material is 300°F.

The controlling beltline material for the Oconee Unit 3 reactor vessel is the Upper Shell to Lower Shell
Circumferential Weld ID (75%), WF-67, with a predicted RTprs value of 222.5°F. The screening criterion from
this material is 300°F.
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Table 3-1: Oconee Unit 1 Pressurized Thermal Shock Reference Temperature at 54 EFPY

Chemical 54 EFPY
Material Description Composition Fluence at

Inside i

Initial Wetted Scre.em-ng

Reactor Vessel Heat RTwor Surface ARTwor Margin R}'Prs Cf:’“’"ﬂ
.Beltline Region Matl. | Matl Ident.. |, .Number. . f°F). 2 (°F) (°F)
LNB Forging™ Zv-2861 | AHR-S4 |  A-S08.CL2* 016 | 065 3 | 125Ev18 | ss2 |30 | 170 707 1289 270

& (Location 1)

| iermediate Shell 0) | o197 | c21972 | 5A302,Gr.B.Mod® | 015 | 050 | 1045 +1 1326419 | 1127 | 269 | 170 | 636 | 173 270
Upper Shell (US) Plate | C3265-1 | C3265-1 | SA-302.Gr.B.Mod® | 010 ] 050 5.0 ) T4GETIY | 718 | 269 | 170 | 636 1363 770
Upper Shell Plate C32781 | ©3278-1 | SA302.Gr. B.Mod® | 0.12 | 060 $3.0 + 146E+19 | oL7 ] 269 | 17.0 | 636 1564 270
TLower Shell (LS) Plate | _C2800-1 | C2800-1 | SA-302, Gr. B, Mod® | 0.11 0.63 745 ¥ 148E+19 | 825 | 269 | 170 | 636 1472 270
Lower Sholl Plate C28002 | C2800-2 | SA-302,Gr.B,Mod” | 0.1 0.63 74.5 1 1486110 | 825 | 269 | 170 | 636 147.2 270
'“fggy‘:; ISCirc. Weld | ga 135 | 61782 Linde 80 023 | 052 167.0° 585 1258+18 | 772 | 154 | 280 | 639 82.6 300
S Long. Weld (100%) | SA-1673 | 1P0962 Tinde 80 021 064 1706 386 T04E+19 | 1723 | 180 | 280 | 666 1902 370
éfg‘;‘l{z)c"" Weld SA-1229 71249 Linde 80 0.23 0.59 167.6 -53.5 1.34E+19 1812 | 128 | 280 | 616 1892 300
Egg’ J‘{th():“c' Weld WF-25 299144 Linde 80 034 0.68 N/A N/A N/A N/A NA | NA N/A N/A 300
Hi&;‘g' Weld SA-1493 | 8TI762 Linde 80 019 | os7 167.0° 486 1276+19 | 1781 | 180 | 280 | 666 | [196.0] 270
}Jlf);%‘s Circ. Weld | gaisgs | 72445 Linde 80 022 | os4 | 1670 725 142E+19 | 1833 | 120 | 280 ] 609 1717 300
é‘l%;,f/’n‘)‘g' Weld SA-1426 | 8TI762 Linde 80 019 | os7 | 1670 486 121B+19 | 1759 | 180 | 280 | 666 1939 270
oo e SA-1430 | 8T1762 Linde 80 019 | 057 | 1670° | 486 | 128019 | 1759 | 180 | 280 | 666 | 1939 270

[ ] - Limiting reactor vessel beltline region material in accordance with 10 CFR 50.61

* ASTM A-508-64 Cl. 2 Mod. By ASME Code Case 1332-2

® ASME SA-302 Gr. B Mod. To ASME Code Case 1339

 Per BAW-2308 Rev. 1-A [17]

¢ See Figure 2-1
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Table 3-2: Oconee Unit 2 Pressurized Thermal Shock Reference Temperature at 54 EFPY
Chemical 54 EFPY
Material Description Composition Fl‘llneﬂi;" al
Reactor Vessel Initial W:tte:i _ Scrgeni.ng
Beltline Region Matl. Heat Chem. | RTwpr | syrface | ARTnor Margin | RTprs | Criteria
Matl. Ident. Number Type Cuwt% | Niwt% | Factor (°F) (/em (P o1 | oa (°F) (°F) (°F)
AMX 77 123T382 A-508,C), 2" 0.13 0.76 95.0 +3 1.32E+19 1023 | 310|170 | 707 176.1 270
US Forging AAW 163 3P2359 A-308, CI 2° 0.04 0.75 260 +20 L.40E+19 284 00 | 170 | 234 769 270
LS Forging AWG 164 4P1885 A-508.Cl.2° 0.02 0.80 20.0 +20 1.40E+19 219 00 | 170 ] 219 63.7 270§
hﬁg‘yffi USCire. Weld | wr 154 |  406L44 Linde 80 027 0.59 1826 980 | 1326419 | 1967 | 116 | 280 | 606 1593 300
8%;%‘3 Circ. Weld WF-25 299L44 Linde 80 0.34 0.68 2206 743 | 13se+19 | 2388 | 128 | 280 | s16 | [2261) 300

[ }- Limiting reactor vessel beltline region material in accordance with 10 CFR 50.61

* ASTM A-508-64 Cl. 2 Mod. By ASME Code Case 1332-2

® ASTM A-508-64 Cl. 2 Mod. By ASME Code Case 13324

¢ See Figure 2-2
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Table 3-3: Oconee Unit 3 Pressurized Thermal Shock Reference Temperature at 54 EFPY

Chemical 54 EFPY
Material Description Composition F“I:’-ﬂ.ge at
X . 2o s1ae H I
.# Reactor Vessel Initial we; od ' Scn?em-ng
& Beltline Region Matl, Heat Chem. RTyor Surface ARTypr Margin | RTpys Criteria
#]: Matl, Ident. Number Type Cuwt% | Niwt¥% | Factor (°F) o/cm? (°F) O | Oa (°F) (°F) (°F)
} it 4680 4680 A-508, CL. 2* 0.13 091 96.0 +3 126E+19 | 1021 | 310 [170 | 707 | 1758 270
[EUS Forging AWS192 | 523314 A508.CL2" .01 073 36.0° 20| I38EFI9 392 00_| 170 |_340 32 270
+JiLS Forging. ANK 191 | 522194 A-508,Cl.2° 0.02 0.76 17.4° +40__|_139E+19 190 00 | 140 | 190 78.0 370
" hbt;g;; US Cire. Weld | e 200 821744 Linde 80 0.24 0.63 1780 | -842 | 126E¢19 | 1894 | 96 | 280 | 592 1644 300
gg ‘7"5',;3 Circ. Weld WE-67 72442 Linde 80 0.26 0.60 1200 | 332 | 1348419 | 1946 | 122 [ 280 611 | [2225) 300
Ooasn M| wr 72105 Linde 80 032 058 | 1993 | aul NA MA | 137|280 | wA | WA 300

[ ] - Limiting reactor vessel beltline region material in accordance with 10 CFR 50.61
* ASTM A-508-64 Cl. 2 Mod. By ASME Code Case 1332-3

® ASTM A-508-64 Cl. 2 Mod. By ASME Code Case 13324

€ This Chemistry Factor was determined from surveillance data.

4 See Figure 2-2
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4.0 ADJUSTED REFERENCE TEMPERATURE

The %T and %T ART values for the Oconee Units 1, 2 and 3 reactor vessel beltline materials applicable at 60
calendar years (54 EFPY) are calculated using the alternate initial RTypr values and the corresponding o; values
from BAW-2308, Revision 2-A [3] (for weld metals) and are listed in Table 4-1, Table 4-2 and Table 4-3. The
ART values are calculated in accordance with Regulatory Guide 1.99, Revision 2 [18]. The material type,
chemical compositions, chemistry factors, and initial RTnpr values used in the ART calculations shown in Table
4-1, Table 4-2 and Table 4-3 are the same as shown in Table 3-1, Table 3-2 and Table 3-3 respectively and are
thus not repeated.

The circumferential welds with the highest ART values for the Oconee Unit 1 reactor vessel are the Intermediate
Shell to Upper Shell Circumferential Weld ID (61%), SA-1229, with an ART value at 54 EFPY of 164.2°F at the
YT wall location and Intermediate Shell to Upper Shell Circumferential Weld OD (39%), WF-25, with an ART
value at the 54 EFPY of 132.1°F at the %T wall location. Considering the base metal and the longitudinal welds,
the materials with the highest ART values are the Upper Shell Longitudinal Weld, SA-1493, with an ART value
at 54 EFPY of 171.0°F at the 4T wall location and the Intermediate Shell Plate, C-2197-2, with an ART value at
the 54 EFPY of 132.9°F at the %T wall location.

The circumferential weld with the highest ART values for the Oconee Unit 2 reactor vessel is the Upper Shell to
Lower Shell Circumferential Weld, WF-25, with an ART value at 54 EFPY of 193.1°F at the %T wall location
and 132.5°F at the %T wall location. Considering the base metal (there are no longitudinal welds in Oconee Unit
2), the material with the highest ART values is the Lower Nozzle Belt Forging, AMX-77, with an ART value at
54 EFPY of 161.8°F at the Y4T wall location and 135.7°F at the %T wall location. The ART values for the Lower
Nozzle Belt Forging correspond to Location 3, which is the location of peak fluence for the 8.44 inches thick
portion of the forging.

The circumferential welds with the highest ART values for the Oconee Unit 3 reactor vessel are the Upper Shell
to Lower Shell Circumferential Weld ID (75%), WF-67, with an ART value at 54 EFPY of 195.6°F at the AT
wall location and the Upper Shell to Lower Shell Circumferential Weld OD (25%), WF-70, with an ART value at
the 54 EFPY of 162.1°F at the %T wall location. Considering the base metal (there are no longitudinal welds in
Oconee Unit 2), the material with the highest ART values is the Lower Nozzle Belt Forging, 4680, with an ART
value at 54 EFPY of 161.4°F at the "4T wall location and 135.2°F at the %T wall location. The ART values for the
Lower Nozzle Belt Forging correspond to Location 3, which is the location of peak fluence for the 8.44 inches
thick portion of the forging.
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Table 4-1: Adjusted Reference Temperature Evaluation for the Oconee Unit 1 Reactor Vessel Beltline Materials at 54

EFPY
ARTywpr (°F) at 54
Material Description 54 EFPY Fluence (n/cm?) EFPY Std. Deviation Margin (°F) ART (°F) at 54 EFPY
Inner
Reactor Vessel Beltline Region Matl, Wetted WT UT YT A YT - T WY WuT
Locatjon Ident. Surface Location | Location | Location | Location ]} Ga Location | Location | Location | Location
LNB Forging (Location 1)* AHR-54 1.25E+18 | 7.29E+17 | 2.65E+17 42.5 24.3 31.0 17.0 70.7 66.6 116.2 93.9
LNB Forging (Location 2)* AHR-54 1.25E+18 | 5.90E+17 | 1.40E+17 38.2 16.4 31.0 17.0 70.7 64.1 1119 835
[ntermediate Shell (IS) Plate C2197-2 1.32E+19 | 7.74E+18 | 2.81E+18 97.0 68.3 26.9 17.0 63.6 63.6 161.6 {132.9}
Upper Shell (US) Plate C3265-1 1.46E+19 | 8.55E+18 | 3.11E+18 62.1 44.2 26.9 17.0 63.6 63.6 126.7 108.8
Upper Shell Plate C3278-1 1.46E+19 | 8.55E+i8 | 3.11E+18 79.4 56.4 26.9 17.0 63.6 63.6 144.0 121.0
Lower Shell (LS) Plate C2800-1 1.48E+19 | 8.63E+18 [ 3.13E+18 71.4 50.8 26.9 17.0 63.6 63.6 136.0 1154
Lower Shell Plate C2800-2 | 1.48E+19 | 8.63E+18 | 3.13E+18 714 50.8 26.9 17.0 63.6 63.6 136.0 115.4
LNB to IS Circ. Weld (100%) SA-1135 | 1.25E+18 | 7.29E+17 | 2.65E+17 59.5 34.1 154 28.0 63.9 63.9 64.9 39.5
IS Long. Weld (100%) SA-1073 | 1.04E+19 | 6.05E+18 | 2.20E+18 146.6 101.0 18.0 28.0 66.6 66.6 164.6 119.0
IS to US Circ. Weld (ID 61%) SA-1229 | 1.34E+19 | 7.82E+18 N/A 156.1 N/A 12.8 28.0 61.6 N/A [164.2) N/A
1S to US Circ. Weld (OD 39%) WF-25 1.34E+19 N/A 2.84E+18 N/A 144.8 12.8 28.0 N/A 61.6 N/A [132.1]
US Long. Weld (100%) SA-1493 | 1.27E+19 | 7.42E+18 | 2.70E+18 153.0 1074 18.0 28.0 66.6 66.6 {171.0) 1254
US to LS Circ. Weld (100%) SA-1585 1.42E+19 | 8.31E+18 | 3.02E+I8 158.3 1122 12,0 28.0 60.9 60.9 146.7 100.6
LS Long. Weld (100%) SA-1426 | 1.21E+19 | 7.09E+18 | 2.57E+I8 150.9 105.4 18.0 28.0 66.6 66.6 168.9 1234
LS Long. Weld (100%) SA-1430 | 1.21E+19 | 7.09E+18 | 2.57E+18 150.9 105.4 18.0 28.0 66.6 66.6 168.9 123.4

* See Figure 2-1

[ ] -Highest values of the adjusted reference temperatures for circumferential welds.

{ } — Highest values of the adjusted reference temperatures for base metal or longitudinal welds.
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Table 4-2: Adjusted Reference Temperature Evaluation for the Oconee Unit 2 Reactor Vessel Beltline Materials at 54

EFPY
ARTyor (°F) at 54
Material Description 54 EFPY Fluence (n/em?) EFPY Std. Deviation Margin (°F) ART (°F) at 54 EFPY
Inper

Reactor Vessel Beltline Regioa Matl, Wetted WT YT WT T wT T WT T

Location Ident. Surface Location | Location | Location | Location a Oa Location | Location { Location Location

LNB Forging (Location 3)* AMX 77 | 1.32E+19 | 7.72E+18 | 2.80E+18 88.1 62.0 31.0 17.0 70.7 70.7 (161.8} {135.7}

LNB Forging (Location 4)" AMX 77 | 125E+18 | 5.90E+17 | 1.40E+17 304 13.0 31.0 17.0 69.0 63.4 102.4 79.4
§.US Forging AAW 163 | 1.40E+19 | 8.19E+18 | 2.98E+18 24.5 174 0.0 17.0 24.5 17.4 69.0 54.8
_L.LS Forging AWG 164 | 1.40E+19 | 8.20E+18 | 2.98E+18 18.9 13.4 0.0 17.0 18.9 13.4 57.8 46.

'LNB to US Circ. Weld (100%) WF-154 1.32E+19 | 7.72E+18 | 2.80E+18 169.4 119.2 11.6 28.0 60.6 60.6 132.0 81.

US to LS Circ. Weld (100%) WF-25 1.35E+19 | 7.88E+18 | 2.86E+18 205.8 145.2 12.8 28.0 61.6 61.6 [193.1] [132.5]

* See Figure 2-2

[ ] -Highest values of the adjusted reference temperatures for circumferential welds.

{ } — Highest values of the adjusted reference temperatures for base metal (no longitudinal welds in Oconee Unit 2).
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Table 4-3: Adjusted Reference Temperature Evaluation for the Oconee Unit 3 Reactor Vessel Beltline Materials at 54

EFPY
ARTwpr (°F) at 54 S,
Material Description 54 EFPY Fluence (n/cm?) EFPY Deviation Margin (°F) ART (°F) at 54 EFPY
Inner

Reactor Vessel Beltline Region Matl. Wetted WT T WT T UT %T WUT T
Location Ident. Surface Location | Location | Location | Location | o Gs Location | Location | Location Location
LNB Forging (Location 3)* 4680 1.26E+19 | 7.36E+18 | 2.67E+18 87.7 6l.5 310 | 17.0 70.7 70.7 {161.4} {1352}
LNB Forging (Location 4)* 4680 1.25E+18 { 5.90E+17 | 140E+17 30.7 13.2 310 | 17.0 69.2 63.4 102.9 79.5
US Forging AWS 192 | 1.38B+19 | 8.07E+i8 | 2.93E+18 33.8 23.9 0.0 17.0 34.0 34.0 107.8 97.9
LS Forging ANK 191 1.39E+19 | 8.16E+18 | 2.96E+18 16.4 11.6 0.0 8.5 16.4 11.6 72.8 63.2
LNB to US Circ. Weld (100%) WF-200 1.26E+19 | 7.36E+18 | 2.67E+18 162.7 114.0 9.6 | 28.0 59.2 59.2 137.7 89.0
US to LS Circ. Weld (ID 75%) WF-67 1.34E+19 | 7.83E+I8 N/A 1672.7 N/A 12.2 | 28.0 61.1 N/A 195.6} N/A
US to LS Circ. Weld (OD 25%) WF-70 1.34E+19 N/A 2.85E+18 N/A 130.9 13.7 | 28.0 N/A 62.3 N/A [162.1]

* See Figure 2-2
[ ] —Controlling values of the adjusted reference temperatures for circumferential welds.

{ } — Highest values of the adjusted reference temperatures for base metal (no longitudinal welds in Oconee Unit 3).
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5.0 RECENT LICENSE EXEMPTION REQUESTS

Virginia Electric and Power Company (Dominion) requested an exemption from the requirements of 10 CFR
50.61 and 10 CFR 50 Appendix G to revise the initial RTnpr and associated 6, values of the Linde 80 weld
materials present in the beltline region of Surry Unit 1 and Unit 2 reactor pressure vessels using AREVA Topical
Report BAW-2308, Revision 1-A [19]. This exemption request was accompanied by RTpys and ART calculations,
which utilized the revised initial RTnpr and associated ¢ values in BAW-2308, Revision 1-A. Attachment 2 of
Reference 19 details the Surry exemption request, to which the Oconee license exemption request below was
based. The U.S. Nuclear Regulatory Commission approved this license exemption request for the Surry Power
Station Units 1 and 2 [20].

Florida Power and Light Company has requested an exemption from the requirements of 10 CFR 50.61 and 10
CFR 50 Appendix G for Turkey Point Units 3 and 4 [21]. The exemption request incorporates the methodology of
BAW-2308, Revision 2-A.

FirstEnergy Nuclear Operating Company has requested an amendment of the operating license for the Davis-
_Besse Nuclear Power Station [22]. The amendment incorporates the methodology of BAW-2308, Revision 2-A
for 10 CFR 50.61 and 10 CFR 50 Appendix G.

6.0 LICENSE EXEMPTION JUSTIFICATION

6.1 Introduction

In accordance with the provisions of 10 CFR 50.60(b) and 10 CFR 50.12, Duke Energy is submitting a request for
exemption_from certain requirements of 10 CFR 50.61, "Fracture Toughness Requirements for Protection Against
Thermal Shock Events," and 10 CFR 50, Appendix G, "Fracture Toughness Requirements." The requested
exemption would allow use of alternate initial RTypy (reference nil ductility temperature), as described in
AREVA NP Topical Report BAW-2308, Revision 1-A and Revision 2-A, for determining the adjusted RTypr of
the Linde 80 weld materials present in the beltline region of the Oconee Units 1, 2 and 3 reactor pressure vessels.

6.2 Background

10 CFR 50.61 (a)(5) and 10 CFR 50, Appendix G (IN(D)(i), require that the pre-service or unirradiated condition
RTypr be evaluated according to the procedures in the ASME Code, Section III, Paragraph NB-2331, from
Charpy V-notch impact tests and drop weight tests.

AREVA NP Topical Report BAW-2308, Rev. 2-A provides an NRC-approved alternate initial RTypr and
associated oy values of the Linde 80 weld materials present in the beltline region of the reactor pressure vessels at
Oconee Units 1, 2 and 3.

The following Condition and Limitation is stated in the NRC's Safety Evaluation for Topical Report BAW-2308,
Rev. 1-A[17]:

“Any licensee who wants to utilize the methodology of TR BAW-2308, Revision 1 as outlined in items (1)
through (3) above, must request an exemption, per 10 CFR 50.12, from the requirements of Appendix G
to 10 CFR Part 50 and 10 CFR 50.61 to do so.”
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In the above quotation, Condition and Limitation (1) pertains to NRC-accepted values of initial (unirradiated)
reference temperature, IR Ty, and the corresponding uncertainty term, g, for Linde 80 weld materials based on
the Master Curve methodology using direct testing of fracture toughness in accordance with ASTM Standard Test
Method E-1921.

Condition and Limitation (2) requires that a minimum chemistry factor of 167.0°F be applied when the
methodology of Regulatory Guide 1.99, Revision 2, and 10 CFR 50.61 is used to assess the shift in nil-ductility
transition temperature due to irradiation.

Condition and Limitation (3) requires that a value of 6, = 28.0°F be used to determine the margin term, as defined
in Topical Report BAW-2308, Revision 2-A, and Regulatory Guide 1.99, Revision 2.

6.3 Proposed Exemption

The exemption requested by Duke Energy addresses portions of the following regulations:

(1) Appendix G to 10 CFR Part 50, which sets forth fracture toughness requirements for ferritic materials of
pressure-retaining components of the reactor coolant pressure boundary of light water nuclear power reactors
to provide adequate margins of safety during any condition of normal operation, including anticipated
operational occurrences and system hydrostatic tests, to which the system may be subjected over its service
lifetime;

(2) 10 CFR 50.61, which sets forth fracture toughness requirements for protection against pressurized thermal
shock (PTS).

The exemption from Appendix G to 10 CFR 50 is to replace the required use of the existing Charpy V-notch and
drop-weight-based methodology with the use of an altemate methodology that incorporates the use of fracture
toughness test data for evaluating the integrity of the Linde 80 weld materials present in the Oconee Units 1, 2 and
3 RPV beltline regions. The alternate methodology employs direct fracture toughness testing per the Master
Curve methodology based on use of ASTM Standard Method E 1921 (1997 and 2002 editions), and ASME Code
Case N-629. The exemption is required since Appendix G to 10 CFR 50 requires that for the pre-service or
unirradiated condition, RTypr be evaluated by Charpy V-notch impact tests and drop weight tests according to the
procedures in the ASME Code, Paragraph NB-2331.

The exemption from 10 CFR 50.61 is to use an alternate methodology to allow the use of direct fracture
toughness test data for evaluating the integrity of the Linde 80 weld materials present in the Oconee Units 1, 2 and
3 RPV beltline regions, based on the use of ASTM E 1921 (1997 and 2002 editions) and ASME Code Case N-
629. The exemption is required because the methodology for evaluating RPV material fracture toughness in 10
CFR 50.61 requires that the pre-service or unirradiated condition be evaluated using Charpy V-notch impact tests
and drop weight tests according to the procedures in the ASME Code, Paragraph NB-2331.

Additionally, the NRC's Safety Evaluation for Topical Report BAW-2308, Revision 1-A, concludes that an
exemption is required to address issues related to 10 CFR 50.61 inasmuch as the methodology presented in
Topical Report BAW-2308, Revision 1-A, as modified and approved by the NRC staff, represents a significant
change to the methodology specified in 10 CFR 50.61 for determining the PTS reference temperature (RTpys)
value for Linde 80 weld material. The changes in the methodology described in BAW-2308, Revision 1-A, with
respect to the methodology per 10 CFR 50.61, include the requirements for use of a minimum chemistry factor of
167°F and a value of o, = 28.0°F for Linde 80 weld materials.
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10 CFR 50.12 states that the Commission may grant an exemption from requirements contained in 10 CFR 50
provided that: 1) the exemption is authorized by law, 2) the exemption will not result in an undue risk to public
health and safety, 3) the exemption is consistent with the common defense and security, and 4) special
circumstances, as defined in 10 CFR 50.1 2(a)(2) are present. The requested exemption to allow the use of
Topical Report BAW-2308, Revision 1-A and Revision 2-A (Revision 2-A is a supplement to Revision 1-A), as
the basis for the Linde 80 weld material initial properties at Oconee Units 1, 2 and 3 satisfy these requirements as
described below.

1. The requested exemption is authorized by law,
No law exists which precludes the activities covered by this exemption request. 10 CFR 50.60(b) allows the use

of alternatives to 10 CFR 50, Appendix G when an exemption is granted by the Commission under 10 CFR 50.1
2,

In addition, 10 CFR 50.61 permits other methods for use in determining the initial material properties provided
such methods are approved by the Director, Office of Nuclear Reactor Regulation.

2. The requested exemption does not present an undue risk to the public health and safety.

The proposed material initial properties basis described in Topical Report BAW-2308 Revision 2-A represents an
NRC-approved methodology for establishing weld wire specific and generic IRTy, values for Linde 80 welds.
Topical Report BA-2308, Revision 2-A, includes appropriate conservatisms to ensure that use of the proposed
initial material properties basis does not increase the probability of occurrence or the consequences of an accident
at Oconee Units 1, 2 and 3, and will not create the possibility for a new or different type of accident that could
pose a risk to public health and safety.

The use of this proposed approach ensures that the intent of the requirements specified in 10 CFR 50 Appendix G
and 10 CFR 50.61 are satisfied.

The requested exemption is consistent with the NRC staff requirements specified in the Safety Evaluation for the
approved Topical Report BAW-2308, Revision 1-A and Revision 2-A; consequently, the exemption does not
present an undue risk to the public health and safety.

3. The requested exemption will not endanger the common defense and security,

The requested exemption is specifically concerned with RPV material properties and is consistent with NRC staff
requirements specified in the Safety Evaluation for approved Topical Report BAW-2308, Revision 2-A.
Consequently, the requested exemption will not endanger the common defense and security.

4, Special circumstances are present which necessitate the request for an exemption lo the regulations of 10 CFR
50.61 and 10 CFR 50 ndix G.

Pursuant to 10 CFR 50.1 2(a)(2), the NRC will not consider granting an exemption to the regulations unless
special circumstances are present. The requested exemption meets the special circumstances of paragraph 10 CFR
50.1 2(a)(2)(ii) since application of the methodology in BAW-2308, Revision 1-A and Revision 2-A, in this
particular circumstance serves the underlying purpose of the regulations.

The underlying purpose of 10 CFR 50.61 and 10 CFR 50 Appendix G is to protect the integrity of the reactor
coolant pressure boundary by ensuring that each reactor vessel material has adequate fracture toughness.
Application of paragraph NB-2331 of ASME Section III in the determination of initial material properties was
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conservatively developed based on the level of knowledge existing in the early 1970s conceming RPV materials
and the estimated effects of operation. Since the early 1970s, the level of knowledge concerning these topics has
greatly expanded. This increased knowledge level permits relaxation of the ASME III NB-2331 requirements via
application of Topical Report BAW-2308, Revision 2-A, while maintaining the underlying purpose of the ASME
Code and NRC regulations to ensure an acceptable margin of safety is maintained.

This submittal presents the reactor vessel integrity assessments for Oconee Units 1, 2 and 3 utilizing the
methodology of Topical Report BAW-2308, Revision 2-A for Linde 80 weld materials. The assessment
documents the integrity of the RPV for Oconee Units 1, 2 and 3 relative to the requirements and underlying
purpose of 10 CFR 50.61 and 10 CFR 50 Appendix G.

Therefore, the intent of 10 CFR 50.61 and 10 CFR 50 Appendix G will continue to be satisfied for the proposed
change in reactor vessel material initial properties basis, thus justifying the exemption request. Issuance of an
exemption from the criteria of these regulations to permit the use of Topical Report BAW-2308, Revision 2-A for
Oconee Units 1, 2 and 3 will not compromise the safe operation of the reactors, and will ensure that RPV integrity
is maintained. '
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