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ENCLOSURE |

BROMS FERRY NUCLEAR PLANT - RESPONSE TO GENERI C LETTER 92-01

The surveillance prograns for Browns Ferry (BFN) Units 1, 2,
and 3 reactor pressure vessels were devel oped to neet the
requi rements of ASTM E 185-66. The Browns Ferry surveillance
program i s described inNEDO 10115 and the core region
materials information for all three units isgiven in

BAW 1845. It is TVA's position that the surveillance program
meets the requirenents of Appendix Hto 10 CFR Part 50. Three
test capsul es containing Charpy V-notch and tensile specimens
of the base metal, heat-affected zone, and representation weld
metal are currently installed ineach vessel. Inaddition, a
vessel wall dosimeter capsule was analyzed at the end of the
first cycle by Southwest Research Institute (SwR).

The BFN pressure vessels were fabiicated from plate material
(supplied by Lukens Steel) which was rolled to contour, then
each plate was wel ded together with |ongitudinal seans using
tne electroslag (ES) welding process and H MM consunabl es.
Subsequent to each shell being wel ded/ assenbl ed, each shell
course was heat treated, prolongation naterial renoved, and
stress relieved. The circunferential weld seans to join the
shel| courses used the automatic subnerged arc (ASA) wel ding
process. The beltline shell courses, M-57 and M-58 were
fabricated by Babcock & Wlcox (B&W for all three Browns
Ferry vessels. The M-57 to M-58 circunferential weld seam
was conpleted by B&W for BFN Unit 1, and by Ishikawajinm Heavy
Industries (IH) for BFN Units 2 and 3. A schematic of the
BFN reactor vessel |ocation of core region isgiven infigure
1. Detailed information may be found i nBAW 1845.

Upper Shelf Energy (USE) Predictions

Fl uence value achieved by BFN Units 1, 2, and 3 on

Decenber 16, 1991, and predicted for end-of-life at 32
effective full power years (EFPY) dt the 1/4 thickness (1/4T)
vessel wall position all fall below 1 x 10 8 n/cn?

(E>1 MV). Consequently, upper shelf prediction cannot be
achieved through interpolation of Figure 2 of Regulatory
Quide 1.99, Revision 2. Therefore, inorder to deternine
predictions of upper shelf energies for this submittal, |inear
extrapol ations of the curves to lower fluence values were
made. Table 1 gives a summary of the predicted upper shelf
energies. As shown by this table, no upper shelf energies are
predicted to fall below 50 foot-pounds before the end-of-life

(32 EFPY) for either of the three vessels, based on current
fluence projections.

No upper shelf energy was determined during vessel plate
qualification. Therefore, a generic use of 120 ft-lbs was
estimted based on the fcur surveillance plate naterial USEs
and applied to all plate materials with no neasured USE. -
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ENCLOSURE 1

BROMS FERRY NUCLEAR PLANT - RESPONSE TO CENERIC LETTER 92-01

(continued):

Unit 1 circunferential weld W-154, fabricated with Linde-80 flux and
characterized by bounding chenical and mechanical paraneters, is
predicted to have an upper shelf of 50.8 ft-lbs at 32 EFPY based on
Reg. CQuide 1.99, Revision 2. The upper shelf energy when eval uated
on the basis of an evaluation conducted by B&W on the "Effects of
Neutron Irradiation on Linde-80 Wld Mtal Upper Shelf Energy,"

(BAW 1803) predicts an upper shelf energy of 56.8 ft-lbs at the sane

fluence value. This cal culation, shown bel ow, involves the
expressi on:

USE = -4.91 (LogoF) - 68.35 (%u) + 164.96 (Std. Dev = 1.5 ft-Ib)

for 0.31% Cu and a fluence of 5.22 x 1017:

USE

-4.91 Log (5.22 x 10") -68.35 (0.31) + 164.96

- 87 - 21.2 + 164.96

56.8 ft-lbs O 1 Std. Dev = 1.5 ft-Ilbs



BROANS FERRY NUCLEAR PLANT - RESPONSE TO GENERI C LETTER 92-01

Fl uence values used inupper shelf predictions:

The results of analysis of the Browns Ferry vessel wall dosineters at the end of
the first cycle indicate the peak of the fast neutron flux incident on the
reactor vessel wall to be:

Surface
Fl uence? 1/4T Fluence  1/4T Fluence EFPY on 1/ 4T Fl uence
Uni t (per EFPY) (npr EFPY1 (32 EFPY) 12/16/1941 12/ 16/ 1991
x 1016 n/cn? x 1016 n/cn?®  x 1017 n/cm? years x 107 n/cm?
3.91 2.677 8. 57 6.09 1.62
3.34 2. 287 7.32 5.95 1.36
3.28 2.245 7.19 4. 64 1.04

l0ata from SwRI Projects 02-4884-001 (Unit 1), 02-4884-002 (Unit 2), and
02-4884-003 (Unit 3).

At 1/4 thickness, the fluence isgiven as:

fluencel /4T = fluencesurf(e-?#X)
%/ AT 14 (6.125 +0.1875 in) _= 1.578 in.
fl uencel1/4T - fluencesurf (e- .24 x f 578)

fluencesurf.(e 0-379)
fluencesurf x 0.6847

[he circunferential weld seam between shell courses M-57 and Mk-58 i s |ocated
37.81 inches below the core mdplane. The flux at this position is0.755 x

10 nvt/sec versus a peak flux of 1.24 x 10 nvt/sec. The adjusted 1/4T fluence
at 32 EFPY at the weld position for Unit 1 is:

(0.755/1.24) x (8.57 x 1017) = 5.22 x 1017 n/cm? (32 EFPY)

This value was used to make end-of-life USE predictions for the M-57/M-58
circunferential weld seam for Unit 1.

?.b.  The Browns Ferry Units 1, 2 and 3 reactor vessels were designed.
fabricated, inspected, and tested inaccordance with the ASME Boiler and
Pressure Vessel Code, Section IIl, 1965 edition, Summer 1965 addenda (Unit 3
vessel - Summer 1966 addenda). The surveillance programs for Browns Ferry
Units 1, 2 and 3 reactor pressure vessels were devel oped to neet the
requirements of ASTM E 185-66. The naterial properties requested are
provided in Tables 2 through 12 which follow

The reference nil-ductility tenperature (RTNOT) was deternined in accordance
with ASME Code, Section 1l, Subsection NB-2331 unless otherwise noted. The
associ ated diop weight tests and Charpy tests were conducted i naccordance
with ASTM E208 and E23.



2.b.

BROWNS FERRY NUCLEAR PLANT - RESPONSE TO GENERIC LETTER 92-01

Cont inued

During the records review by B&W in the compilation of BAW-1845 entitled
"Browns Ferry Core Region Materials Information (Units 1, 2, and 3),"
neither specific weld materials nor test results for the ES weld consumables
used on the longitudinal weld seams couid be determined for any of the six
weld seams on any of the three vessels. Consequently, a gener®~ chomictry
was developed for the vessel ES welds. B&W QA records from the time of
construction of the BFN vessels show three ES weld quaiifications and eight
wire heat chemistries. Based on these values, a aeneric che try of 0.25%
Cu, 0.35% Ni, and .016% P was chosen for the “C welds, and was applied to
all vessel ES welds.

The Mk-57 to Mk-58 circumferential weld seam for Unit 1, identified as
WF-154, was made by B&W. Although the Record of Filler Wire Qualification
Test from B&W Mt. Vernon Works for the specific qualification of weld WF-154
provides both chemical analyses and mechanical tests, B&W's report detailing
reactor vessel we chemistries (BAW-1799) lists a copper content
considerably higher than the qualification report for weld WF-154. Since
the higher copper value is part of B&W's licensing position, it was chosen
by B&W in their assessment report, BAW-1845. TVA may choose to reexamine
these conservative values at a future date. Similar problems with records
do not exist for Units 2 and 3 circumferential welds fabricated by IHI.



Table 2

Plant Name: Browns Ferry Bar Nuclear Plant - Unit 1

Material Description: Intermediate Shell Course - Mk 58

Heat Numbers: Plates - (C2884-2, C2368-2, C2753-1

Specification: ASME SA 302 Gr B

Supplier: Plate Material supplied by Lukens Steel; fabrication of

shell course involving electroslag welding by B&W

Heat Treatment: (from BAW-1845)

Run No. Max Temp Min Temp Temp Range Time Quench_ Run I0
1 17259F 16750F 500F 6 1/2 hr BQ Austenitizing
2 16500F 16000F 500F 6 1/2 hr BQ Austenitizing
3 12250F 11759F 500F 6 1/2 hr BQ Tempering
4 11500F 11000F 500F 3C hr 31 min FC Stress Relief

Composition (wt X):

Heat No. C Mn P S Si Ni Cr Mo Cu Al

2868-2} 0.22 1.39 0.007 0.009 0.23 0.52 0.07 0.48 0.09 0.032
c2884-21 0.27 1.33 0.008 0.015 0.21 0.52 0.09 0.46 0.12 0.035
€2753-12 0.22 1.32 0.009 0.014 0.22 0.50 N/A 0.47 0.08 N/A

lanalysis by Combustion Engineering
2pnalysis by Babcock & Wilcox

Fracture Toughness: (Analysis by Babcock & Wilcox in BAW-1845)

Longitudinal
Longitudinal Reference  Upper Shelf
Orop Weight Charpy Temperature Energy
™NDT T50ft-1b/35mils RTnDT USE

(2868-2 00F -140F 00F 144 ft-1b
C2884-2 NOF +140F 00F 118 ft-1b
(2884-2 HAZ N/A +280F 00F1 97 ft-1b
€2753-1 -200F N/A -200F2 120 ft-1p3

lgstablished as 09F based on Charpy 150 ft-1b/35 mils valves (BAW-1845)

2value assigned as INDT, based on estimated Charpy properties (BAW-1845)
3Generic Value (BAW-1845)



lbdt 11 3

Pl ant Nane: Browns Ferry Bar Nuclear Plant - Unit 1

Mat erial Description: Lower Shell Course - M 57

Heat Numbers: Pl ates - A1009-1. 85864-1. A0999-1

Speci fication: ASME SA 302 G B

Supplier: Plate Material supplied by Lukens Steel; fabrication of

shell course involving electroslag welding by B&W

Heat Treat nent: (from BAW 1845)

Run No. MaxTenp  Mn Tenp_ Tenp Range Ti me Ouench Run ID
17250 F 1675°F 500F 6 1/2 hr Aust eni ti zi ng
1650°F 1600° F 58 F 6 1/9 hr Aust eni ti zi ng
12250F 1175 OF 50 F 6 1/2 hr Tenpering
1150° F 1100°F 50 F 36 hr 35 mn Stress Relief

Conposition (w X): (Analysis by Babcock & WIcox i n BAW 1845)

Heat No. C Mh P S Si Ni Cr Mo Cu Al
A1009- 1 0.22 1.37 0.009 0.010 0.18 0.50 N A 0.46 0.14 N A
85864- 1 0.21 1.29 0.005 0.016 0.17 0.44 N A 0.49 0.15 N A
A0999- 1 0.22 1.32 0.010 0.014 0.19 0.60 N A 0.50 0.14 N A
Fracture Toughness: (Analysis by Babcock & W/ cox i n BAW 1845)

Longi t udi nal

Longi t udi nal Ref erence Upper Shel f
Drop Wi ght Charpy?! Tenper at ur SEner gy?
TNDT T50ft-Ib/35nmils RTNDT USE

A1009-1 -100F +H0F -10PF 120 ft-1b
85864- 1 -20F +10PF -20F 120 ft-1b
A0999-1 -20F +10°F -20°F 120 ft-1b

1Test tenperature of three Charpy tests conducted at a single tenmperature which
exceeded 50 ft-lbs and 35 mls.

kCinerir valuP (BAW1' 15)



Table 4

Pl ant Nane: Browns Ferry Bar Nuclear Plant - Units 1, 2, and 3
Descri ption: Axial Welds Joining Rolled Plate to iorm
Shel| Courses M-57 and M-58
Wre Heat No.: Records of Specific Consumables not Available
Vel d Type: El ectrosl ag
Wre Type: Raco H MM
Flux Type: Li nde 124
Flux Lot: Records of Specific Consumables not Available
Fabricator: Babcock & W cox

Heat Treatnent follow ng Wl ding: (from BAW 1845)

Unit  Run No. Max Tenp Mn Tenp Tenp Range Ti me Quench Run I D
Sane as that listed for individual shell courses i nprevious tables

Conposition (w X): (CGeneric Chemistry from BAW1799 given i nBAW 1845)

Heat No. C Mh P S Si Ni 0 Mo Qu Al
Al ES N A NA 0.016 NA N A 0.35 N A N A 0.25 N A
Vel ds

Fracture Toughness: (Analysis by Babcock & Wlcox i nBAW 1845)

Reference  Upper Shelf

Drop \Wéight Char py Tenperature Ener gy
TNDT T5OFt-1b/35m|'s RTNDT USE
Al ES Welds N/A N/Al 10°F2 95 ft-lo 3

(produ.t ion)

1Specific data not available for production welds, but data is
avai l able from surveillance welds, given inTable 12. (BAW 1845)

2Establ i shed by SER supporting Amendnent No. 121 to License No. DPR-33
dated December 16. 1985.

3Generic Estimated USE for all ES welds based on surveillance weld USEs
k3AW 1845)



Table 5

Pl ant Nane: Browns Ferry Bar Nuclear Plant Unit 1

Descri ption: Circunferential Weld W-154 Joining M-57 to M-58
Wre Heat No.: 406L44

Vel d Type: Automati ¢ Subnerged Arc

Wre Type: Uni on Carbide M-M-N

Fl ux Type: Li nde 80

Flux Lot: 8720

Fabricator: Babcock & W cox

Heat Treatnent follow ng Vel ding: (from 8AW 1845)

Run No. Max lenD Mn TenD Tenp Ranae Ti ne HBerth Righ ¥
115¢° F 11000F 5FF 13 hr 55 min Stress Relief

Conposition as Welded (w 1
From Record of Filler Wre Qualification Test for W-154 i n BAW 1845:
C Mh P S Si Ni G Mo Cu Al
0.072 1.50 0.015 0.021 0.45 0.59 N/A 0.30 0.20
Generic Chemstry reported in BAW1799 for weld WF-154
P N Cu

0.013 0.59 0.31

Fracture Toughness: (Analysis by Babcock & W/ cox in BAW 1845)

Ref erence Upper Shel f

Drop Wi ght Char py Tenperature Ener gy
TNDT T500ft-1b/35mils RTNDT USE
Circunferential N/A +200F1 66 ft-lb 2

ASA Vel d

| Upper bound unirradi ated RTtpTr for this material reported i n BAW 10046
and adapted by BAW 1845.

2From BAW 1845. the generic vdalu for B&W subnerged arc weld material as
described i n BAW 10045.



Tab- 6

Pl ant Nane: Browns Ferry Bar Nuclear Plant - Unit 2
Material Description: Lower Shell Course - M 57

Heat Nunbers: Plates - C2467-2. (C2463-1, (C2460-2
Speci fication: ASME SA 302 G B

Supplier:
shel |

Heat Treatnent:

Run No.

Pl ate Material

supplied by Lukens Steel;

course involving electroslag wel ding by B&W

(from BAW1-;,5)

Max Tenp  Mn Tenp Tenp Range Ti me Quench Run D10
1 17250 F 1675°F 5PF 6 1/2 hr BQ Aust eni ti zi ng
2 1650°F 1600°F 5F 6 1/2 hr BQ Aust eni ti zi ng
3 12250F 11759 F 50PF 6 1/2 hr BQ Tenpering
4 11500 F 11000F 58F 29 hr 52 min FC Stress Relief
Conposition (w X): (Analysis by Babcock & WIlcox i n BAW 1845)
Heat No. C Mh P S Si Ni o Mo Qu
C2467-2 0.20 1.36 0.008 0.013 0.20 0.52 0.47 0.16
C2463-1 0.21 1.33 0.008 0.015 0.16 0.48 0. 47 0.17
C2460-? 0.21 1.29 0.012 0.014 0.17 0.51 0.45 0.13
Fracture Toughness: (Analysis by Babcock & WIcox i n BAW 1845)
Longi t udi nal
. Longi t udi nal Reference  Upper Shelf
Drop Wi ght Char py?! Tenper at ur e Ener qy 2
TNDT TSOFt-1b/35ni s RTNDT USE

Cz467 ? +10°F -20F 120 ft-1b
C2463-1 -200F +100F -20F 120 ft-1b
C2460-2 -20F +1° F - 20F 120 ft-1b

1Test tenperature of

temperature whi ch exceeded 50 ft-Ihs

fabrication of

three Charpy tests

2Generic values (BAW-1845)

conducted at a single
and 35 nils



Table 7

Pl ant Nane: Browns Ferry Bar Nuclear Plant - Unit 2

Mat erial Descripti on: Internediate Shell Course - M 58

Heat Nubers: Plates - A0981-1, (C2467-1, (C2849-1

Speci fication: ASME SA 302 G B

SHt pplier: Plate Material supplied by Lukens Steel; fabrication of
shell course involving electroslag welding by B&W

Heat Treatment: (from BAW 1845)

Run No. Max Temp  Min Temp Temp Range TimetQuencheRun ID

1 17250F 16750F 5PF 6 1/2 hr BQ Aust eni ti zi ng

2 1650°F 16000F 500F 6 1/2 hr BQ Austenitizing

3 12250 F 1175°F 50°F 6 1/2 hr BQ Tenpering

4 1150°F 1100°F 500F 34 hr 37 min FC Stress reiief

Conposition (w X):
Heat No. C Mn P 5 Si N Cr Mo Qu Al
A0981-11 0.20 1.35 0.007 0.011 0.19 0.11 0.49 0.14  0.025

0.55
C2467-12 0.20 1.36 0.008 0.013 0.20 0.52 N/A 0.47 0.16 N/A
C2849-12 0.21 1.30 0.010 0.015 0.23 0.50 N/A 0.46 N/A

o
[EEN
[EEN

lAnal ysis by Conbustion Engineering
2pnal ysis by Babcock & W1 cox

Fracture Toughness: (Analysis by Babcock & Wl cox i nBAW 1845)

. . Longi t udi nal
Longi t udi nal Reference  Upper Shelf
Drop Wi ght Char py Tenperat ure Ener gy
TNDT T50ft-Ib/35mils RTNDT USE

A0981-1 o= tl0oF 1 -10F 142 ft-1b
A0981-1 PA’ N/A <-40°F -100F 123 ft-1b
C246/ - 1 -10° F +100F 1 -10F 120 ft-1b?2
C2849- 1 -100F HoF L -10F 170 ft-1b?

Test tenperature of three Charpy tests conducted at a single
tenperature which exceeded 50 ft-lbs and 35 nils
ZGeneric vdlues (BAW 1845)



Pl ant Nane:
Description:
Wre Heat No.:
Vel d Type:
Wre Type:

Fl ux Type:

Fl ux Lot:

Fabri cator:

Heat Treatment follow ng Wl ding:

Run No. Max Tenp
1 11500F

Mn Tenp Tenp Range Ti me
1100°F

Table 8

Browns Ferry Bar Nuclear Plant Unit 2
Crcunferential Welds Joining M-57 to M-58
055733

Automatic Subnerged Arc
Y- 204

YF- 200

1210- 02037

I shi kawaj i ma- Hari ma Heavy Industries Co.

(from BAW 1845)

Quench Run 1D
500F 13 hr 02 nin FC Stress Relief

Composition Filler Wre (w X): (Baw 1845)

C Mn P S

Si Ni Cr My Cu Al

0.10 2.23 0.010 0.009 0.16 0.72 N A 0.45 0.09 N A

Conposition as Welded (wt X): (Baw 1845)

C Mh P S

S N C Mo Cu Al

0.08 1.70 0.014 0.005 0.40 0.65 N/A 0.45 0.09 N/A

Fracture Toughness:

(Anal ysis by Babcock & WIcox i n BAW 1845)

Reference  Upper Shelf

Drop Wi ght Char py Tenperature Ener gy
TNDT T50ft-1b/35nils RTNDT USE
G rcunferential N/A -40F -400F 1 145 ft-1b

ASA Weld

| Based on the higher value of T50ft-Ib/35mils for Units 2 and 3

( BAW 1845) .



Table 9

Plant Name: Browns Ferry Bar Nuclear Plant - Unit 3

Material Description: Lower Shell Course - Mk 57

Heat Numbers: Plates - C3213-1, (C3222-2, C3217-2

Specification: ASME SA 302 Gr B

Supplier: Plate Material supplied by Lukens Steel; fabrication of

shell course involving electroslag welding by B&W

Heat Treatment: (from BAW-1845)

Run No. Max Temp Min Temp Temp Range Time Quench Run_I0
1 17250F 16759F 500F 6 1/2 hr BQ Austenitizing
2 16500F 16000F 500F 6 1/2 hr BQ Austenitizing
3 12250F 1175°F 500F 6 1/2 hr BQ Tempering
4 11500F 1100°F 500F 25 hr 41 min  FC Stress Relief

Compousition (wt X): (Analysis by Babcock & Wilcox in BAW-1845)

Heat No. C Mn P S Si Ni Cr Mo Cu Al

C3213-1 0.21 1.29 0.009 0.015 0.24 0.58 N/A 0.49 0.13 N/A
C3222-2 0.21 1.38 0.015 0.015 0.28 0.52 N/A 0.50 0.15 N/A
C3217-2 0.21 1.38 0.009 0.013 0.24 0.66 N/A 0.46 0.14 N/A

Fracture Toughness: (Analysis by Babcock & Wilcox in BAW-1845)

Longitudinal
Longitudinal Reference  Upper Shelf
Orop Weight Charpyl Temperature  Energy?
TNDT T50ft-1b/35mils RTNDT USE
C3213-1 -300F +100F -300F 120 ft-1b
(C3222-2 -200F +100F -200F 120 ft-1b
C3217-2 -500F +100F -500F 120 ft-1b

ITest temperature of three Charpy tests conducted at a single
temperature which exceeded 50 ft-1bs and 35 mils
2Generic values (BAW-1845)



Table 10

Plant Name: Browns fFerry Bar Nuclear Plant - Unit 3

Material Description: Intermediate Shell Course - Mk 58

Heat Numbers: Plates - C3188-2, C3201-2, B7267-1

Specification: ASME SA 302 Gr B

Supplier: Plate Material supplied by Lukens Steel; fabrication of

shell course involving electroslag welding by B&W

Heat Treatment: (from BAW-1845)

Run No. Max Temp Min Temp Temp Range Time Quench Run 1D
1 17259F 16750F 500F 6 1/2 hr BQ Austenitizing
2 16500F 16000F 500F 6 1/2 hr BQ Austenitizing
3 12259F 11750F 500F 6 1/2 hr BQ Tempering
4 11500F 11000F 500F 30 hr 25 min  FC Stress Relief

Composition (wt %¥): (Analysis by Babcock & Wilcox in BAW-1845)

Heat No. C Mn P S Si Ni Cr Mo Cu Al

c3188-21 0.18 1.27 0.007 0.007 0.22 0.51 0.08 0.47 0.10 0.015
3201-22 0.20 1.40 0.007 0.017 o0.21 0.60 N/A 0.49 0.13 N/A
B7267-12 0.21 1.33 0.010 0.015 0.24 0.51 N/A 0.47 0.13 N/A

1Analysis by Combustion Engineering
2Analysis by Babcock & Wilcox

Fracture Toughness: (Analysis by Babcock & Wilcox in BAW-1845)

Longitudinal
Longitudinal Reference  Upper Shelf
Drop Weight Charpy Temperature Energy
NDT T50ft-1b/35mi1s RTNDT USE

€3188-2 -300F +100r1 -300F 158 ft-1b
C3188-2 HAZ N/A -10F 0OF 128 ft-1b
€3201-2 -300F +100F 1 -300F 120 ft-1b
B7267-1 -200F +100F ! -200F 120 ft-1b

ITest temperature of three Charpy tests conducted at a single
temperature which exceeded 50 ft-1bs and 35 mils
2Generic values (BAW-1845)



Table 11

Pl ant Nane: Browns Ferry Bar Nuclear Plant Unit 3

Descri ption: Circunferential Wlds Joining M-57 to Mk-58

Wre Heat No.: 051852/ 055733

Vel d Type: Ai,--."ic Subnerged Arc

Wre Type: Y-204

Flux Type: YF-200

Flux Lot: 1325-C? I s

Fabri cator: IS -'..-. "*iHeavy Industries Co.

Heat Treatment follow ng We.Jing: rrc-f  BAW 1645)

Run No. Max Tenp  Mn Tenr- Ttfm - - 1l Quench Run 0OID
1 11500 F 1100 5F 1.Ihr 50 mn FC Stress Relief

Conposiltion Filler Wre (wt I): (5A-1-95)

Heat C Fn P S Ni Cr 0o Cu Al
051852 0.09 2.14 0.012 0.007 0.17 0.72 N/A 0.45 0.09 N A
055733 0.10 2.23 0.010 0.009 0.16 0.72 N/A 0.45 0.09 N A

Conposition as Welded (w X): (Baw 1845)

Heat C Vh P 5 S Ni Cr Mo Cu Al
051852 0.09 1.68 0.012 0.005 0.40 0.67 N/A 0.45 0.09 N A
055733 0.08 1.72 0.013 0.006 0.39 0.66 N/A 045 0.09 N A

Fracture Toughness: (Analysis by Babcock & W :ox i n BAW 1845)

Ref erence Upper Shel f
Drop Wei ght Char py Tenperature Ener gy
TNDT T50ft-Ib/3Smils RTNDT USE
Gircunferential -58 F -400F * 195 ft-lb

ASA Wl d

| Based on the higher value of T50ft-lb/35mils for Units 2 and 3.



Table 12

SURVEI LLANCE MATERI AL

The surveillance weldments for Browns Ferry Units 1,
fromthe rolled plates used inthe fabrication of
electroslag welds. Since specific data concerning the electroslag welds of the
vessels is not available, use of the sanme weld consunables inthe surveillance

sanples as the vessels cannot be established. The surveillance material and the
reactor vessel material had the sane heat treatnment except for the stress relief

2, and 3 involved base netal
the beltline shell courses and

time. Al surveillance test materials received a 30 hour stress relief at 1100 to
11500F followed by furnace cooling. A summary of the mechanical and chem cal
paraneters for the surveillance sanples isas follows:
Composition (w % : (Analysis by Conbustion Engineering reported in BAW 1845)
SHrv_eéll?nce
tpri | : ~
VAT & W P g 4 Ni e (O]
Unit 1 C2868-2 0.22 1.39 0.007 0.009 0.23 0.52 0.07 0.48 0.09
C2884-2 0.27 133 0008 0.015 0.21 0.52 0.09 0.46 0.12
C2884-2 HAZ 0.27 133 0.008 0.015 0.21 0.52 0.09 0.46 0.12
ES Veld 017 145 0012 0013 009 030 0.06 0.48 0.10
Unit 2 A0981-1 020 135 0.007 0011 019 o055 011 049 014
A0981-1 HAZ 0.20 135 0.007 0011 019 o055 011 0.49 0.14
ES weld 015 149 0010 0011 0.09 0.33 3.49 0.20
Unit 3 C3188-2 0.18 127 0.007 0.007 0.22 051 0.08 047 011
G3188-2 HAZ 0.18 1.27 0.007 0.007 0.22 051 0.08 047 0.11
ES Veld 016 150 0011 0012 010 028 0.08 049 011
Fracture Toughness: (Analysis by Babcock & Wl cox in BAW 1845)
Longi t udi nal
Longitudinal Ref erence Upper Shel f
_ Drop Wi ght Charpy Tenper ature Ener gy
Surveillance TNDT 150Ft-1b/35m s RTNDT USE
Material ID
Unit 1 C2868-2 o°F -14F 0°F ft-1b
C2884-2 OF +14F 0°F ft-1b
C2884-2 HAZ N/A +28°F 00k 1 ft- 1b
ES Vel d 10F 2 +33°F 10°F ft-1b
Unit 2 A0981-1 -100F +10F -10°F 142 ft-1b
A0981-1 HAZ N/A <-40 OF ooF 1t 123 ft-lb
ES Vel d |0aF? +10aF 10°F 116 ft-lb
Unit 3 C3188-2 -30°F -369F -30°F 158 ft-1b
C3188-2 HAZ N/A - 1F QOPF 128 ft- Ib
ES Vil d |00F 2 -210F | ® 124 ft- 1b

| Established on the basis of
HAZs ( BAW 1845).

base netal
Upper bound TNDT values from four weld procedure qualification tests.

Charpy T5oft-1b/35m|s values as QOF for



3.a.

3.b.

3.¢C.

BROMS FERRY NUCLEAR PLANT - RESPO-NSE TO GENERIC LETTER 92-01

Browns Ferry Nuclear Phu,-L isdesigned with a recirculation suction tenperature
of 5299F. Areview of current operating procedures and tenperature data for
Unit 2 indicates that recirculation suction tenperatures on individual |oops
my be below 5259F for some periods of operation. Verification and
quantization of the time and accumul ated fluence during thes2, intervals is

being pursued. A sunmary of this evaluation will be submtted by Decenber 1,
1992,

However, consideration of the effect of lower radiation tenperature on the
reference tenperature and the Charpy upper-shelf energy, should itexist, is
incorporated inthe Browns Ferry surveillance program Three surveillance
capsul es are contained ineach vessel, nounted against the | Dvessel surface at
the core mdplane (GE NEDO 10115). The tenperature and neutron flux
encountered by the surveillance sanples isthe sane as that seen by the vessel
| Dsurface. Base metal and heat-affected zone specinmens contained inthe
capsul es of each vessel were fabricated fromactual beltline materials and weld
specinens were fabricated from electroslag wel ds representative of the
consumabl es used to fabricate the vessel shell courses. The surveillance
programas currently inplemented will provide an evaluation of the actual
versus predicted changes inreference tenperature arid upper shelf enprnies of
belt line mterials. Wth this configuration, any effects of lower irradiation
tenperatures should be readily discernable.

Neither of the three Units at Browns Ferry Nuclear Plant have achieved 8
effective full power years of operation, which isthe scheduled time for
renmoval of the first surveillance capsules. Therefore, no surveillance data
exists for consideration of the predicted anmount of enbrittlement at this tine.

Neither of the three Units at Browns Ferry Nuclear Plant have achieved 8
effective full power years of operation, which isthe Scheduled time for
removal of the first surveillance capsules. Therefore, surveillance data does
not exist for conparison between the measured and predicted reference
tenperature and upper shelf energy.



ENCLOS" ™

SEQUOYAH NUCLEAR PLANT - REL’ONSE TO GENERIC LETTER 92-01

1. The surveillance programs for Sequoyeh Units 1 and 2 reac’or
pressure vessels were developed to meet the requirements o
ASTM E 185-73. These programs are described in Westinghoust
WCAPs -8233 and -8513. It is TVA's position that both
surveillance programs meet the requirements of Appendix H t.
10 CFR Part 50. Contained within eight mal~-=32Y *tect ~=i5ules
located in each reactor between the thermal shield and vessel
wall are Charpy V-notch specimens, tensile specimens, and
wedge-opening-loading (WOL) samples from the limiting shell
forging material and associated weld metal, and Charpy V-notch
impact specimens of HAZ metal.

2.a. Upper Shelf Energy Predictions

Unit 1
Predicted 1/4T7 Predicted 1/4T7
Copper USE Decrease at USE at
Material Content Measured 12/16 EOL 6/9
wt/% % % % ft-1b  ft-1b
Lower Shell Forging 04 0.13 116 17.5 26.6 96 85
(tangential)
Lower Shell Forging 04 0.13 71.5 17.5 26.6 59 52.5
(axial)
Lower Forging 04 - HAZ 0.13 86 17.5 26.6 71 63
Intermediate Shell 0.15 74 19.2 29 60 52.5
Forging 05
Circumferential Weld 04/05 0.33 111 37 48 70 57.7
Uriit 2
Lower Shell Forging 04 0.14 100 15.5 23 84 79
Intermediate Forging 05 0.13 138 15 22 117 108
(tangential)
Intermediate Forging 05 0.13 88 15 2?2 75 69
(axial)
Intermediate Shell 0.13 118 15 22 . 100 92

Forging 05 - HAZ

Circumferential Weld 0.13 105 18.5 27 86 77




SEQUOYAH NUCLEAR PLANT - RESPONSE TO GENERIC LETTER 92-01

Fl uence values used in upper shelf predictions:

Unit 1
The fluence for Sequoyah Nuclear Plant Unit 1:

At RPV surface: fsurf = 3.5 x 1018 n/cm? for 2.919 EFPY
(SWRl Project 06-8851, Table 4.17)

= 1.20 x 1018 n/cm? for 1 EFPY

At 1/4 thickness: fdepth x fsurf(e 2 2%)

thickness = 8.608 inches at beltline
f1/4T = fsurf(e-05164) = fsurf(0.59¢7)
f1/4T = 0.715 x 10'- .,,rA for 1 EFPY

= 2.29 x 1019 n/cm? for 32 EFPY
3.79 x 1018 n/cm? for 5.3 EFPY

(On December 16, 1991, the estinated
operating time for Unit 1 was 5.3 EFPY)

Unit 2
The fluence for Sequoyah Nuclear Plant Unit 2:
At RPV surface: fsurf = 2.034 x 1018 n/cm? for 2.9 EFPY +

0.5036 x 1018 n/cm? for each EFPY thereafter
(SWRI Project 17-8851, Table 20)

1.669 x 10'9 n/cm? for 32 EFPY

3.34 x 1018 n/cm? for 5.5 EF&Y
(On Decenber 16, 1991, the estinmated
operating time for Unit 2 was 5.5 EFPY)

At 14 thickness: fdepth x = fsurf(e-2. 2%)

t hi ckness 8.608 inches at beltline

fl/4T 9.96 x 1018 n/cm? for 32 EFPY

1.99 x 1018 n/cm? for 5.5 EFPY



2.b.

Upper Shelf Energy Predictions (Continued)

As given in the tapbles above, the Charpy upper shelf energies for all beltiine

materials in both Sequoyah Units 1 and 2 are projected to remain above 50 ft-1b
at end-of 1life calculated fluences at 1/4T.

The construction of Sequoyah Units 1 and 2 reactor vessels by Rotterdam
Dockyard Company complied with the requirements of the 1968 ASME Boiler and
Pressure Vessel Code Section III for Class "1" vessels. However, the
surveillance programs for Sequoyah Units 1 and 2 reactor pressure vessels were
developed to meet the requirements of ASTM E 185-73 (Westinghouse WCAPs 8233
and 8513. It is our position that compliance with the fracture toughness
requirements of Appendix G of 10 CFR Part 50 has been met. Material properties
requested are provided in tables 1 through 9 which follow.

The reference nil-ductility temperatures (RTyp7) were determined in accordance
with ASME Code, Section III, Subsection NB-2331, unless otherwise noted. The
associated drop weight tests and Charpy V-notch tests were conducted in
accordance with ASTM E208 and E23.



Plant Name:
Material Description:
Heat Number:

Speci fication:

Table |

Squoljahl Niil»'ar Plint - Unit 1

Lower Shell

Forging 04
980919/ 281587

ASTM A 508 ci. 2

Supplier: Rhei nstahl Huttenwerke

Heat freatnent: (from Rotterdam Dockyards Conpany records)

Run No. Max Teno Min Temo Tenp Ranae Ti me Quench Run ID
17100F 1580°F 1300F 4hr Austeni tizing
12400 F 1200°F 40°F Bhr Tenperi ng
11559F 1105°F 5PF 20hr  23min Stress Relief

Conposition (w X):
C Mh P S
0.17

0.62 0.J20 0.016

Fracture Toughness:
Drop Weight TNDT
Tangential Orientation:
Char py T500ft-1b/35mils
PTNDT

Upper Shel f Energy (USE)

Axial Orientatiun
Charpy T5oft-1b/35m|s
RTNDT

Upper Shelf Energy (USE)

ILower

(Anal yses by Weéstindj .ouse - WCAP-8233)

S Ni Cr Mo Cu Ch Al

0.22 0.76 0. 37 0.56 0.13 NA 0.009

+5°F (drop weight tests by Rotterdam Dockyard Conpany)

+1®F (longitudinal Charpy data of WCAP-8233)

t50F (TNDT + 600F isgreater than T5oft-|b/35nils)

116 ft-1b (longitudinal Charpy data of WCAP-8233)

1330F (transverse Charpy curve of WCAP-8233)1
+730F (TNDT + 6(°F is less than TsOft-1b/35niis)

71.5 ft-1b (transverse Charpy data of WCAP-8233)

bound Charpy curve value reported i n WCAP.



Table 2

Pl ant Nane: Sequoyah Nuclear Plant - Unit 1

Material Description: Intermediate Shell Forging 05

Heat Nuber: 980807/ 281489

Specification: ASTM A 508 c. 2

Supplier: Rhei nstahl Huttenwerke

Heat Treat nent: (from Rotterdam Dockyards Conpany records)?

Run No. Max Tenp  Mmin TemD Temrp Range Time Quench Run I D

1 1724°F 1616 °F 108°F 3-1/ 2hr Vk Aust eni ti zi nq
2 12920F 120F 900F 5-1/ 4hr FC Tenperi ng

3 1155%F 1105°F 50F 27hr  24nin  FC Stress Relief

[Pun 1 an,' 2 values are required limts, not actual results.

Composition (wt 9%): (Anal yses by Rotterdam Dockyard Conpany)

C M P S S N of Mo Qu o) Al
0.20 0.70 0.011 0.019 0.23 0.86 0.40 0.53 0.15 N A N A

Fracture Toughness:

Drop \eight TNDT - #F (drop weight tests by Rotterdam r.kyard Company)

Charpy T50ft-1b/35mls +14F (longitudinal Charpy data from Rotterdam
Dockyard Conpany reduced to 65X)

PTNDT -#F (TNDT * 6(PF is greiter than T50ft-1b' 35mil s)

Upper Shelf Energy (USE) 74 ft-1b (longitudinal Charpy data from Rotterdam

Dockyard Conpany reduced to 65%



Plant Name:

Material Description:
Heat Number:
Specification:
Supplier:

Heat Treatment:

Table 3

Sequoyah Nuclear Plant - Unit 1

Lower Shell Forging 04 - Heat Affected Zone (HAZ)
980919/281587

ASTM A 508 c1. 2

Rheinstahl Huttenwerke

(from Rotterdam Dockyards Company records)

Run No.

Max Temp Min Temp Temp Range Time Quench Run 10
1 17100F 15800F 1300F 4 hr WQ Austenitizing
2 12400F 12000F 400F 6 hr FC Tempering
3 11559F 11059F 500F 7hr  13min FC Stress Relief
4 Submerged Arc Welded
5 11550F 11059F 500F 13 hr 10 min FC Stress Relief

Composition (wt %): (Analyses by Rotterdam Dockyard Company)

C Mn p S Si Ni Cr Mo Cu Cb Al
0.17 0.62 0.020 0.016

0.22 0.76 0.37 0.56 0.13 N/A 0.009

Fracture Toughness:

Orop Weight Typt -229F (Dropweight tests by Rotterdam Dockyard Company)

Charpy Tsoft-1b/35mils +150F (transverse Charpy curve of WCAP-8233)

RTNDT -220F (TypT + 6009F is greater than T50ft-1b/35mils)

Upper Shelf Energy (USE) 86 ft-1b (transverse Charpy data of WCAP-8233)



Table 4

Plant Name: Sequoyah Nuclear Plant - Unit 1
Material Description: Circumferential Weld Seam 04/05
Wire Heat Number: Lot No. 25295

Weld Type: Submerged Arc Weld

Wire Type: Wire 40 (Linde)

Flux Type: SAF 89

Flux Lot: 2275

Fabricator: Rotterdam Dockyard Company

Heat Treatment: (from Rotterdam Dockyards Company records)

Run No. Max Temp Min Temp Temp Range Time Quench Run ID
1 115% OFf 1105 OF 50 OF 13 hr 10 min FC Stress Relief

Composition (As welded, wt X): (Analyses by Westinghouse - WCAP-8233)

C Mn P S Si Ni Cr Mo Cu Cb Al

0.058 1.40 0.021 0.009 0.42 0.17 0.068 0.53 0.33 N,A  0.008

Fracture 1o'ghness:

Drop Weight TypT -400F (drop weight tests by Rotterdam Dockyard
Company)

Charpy Ts0ft-1b/35mils -279F (Charpy data of WCAP-8233)

RTNDT -400F (TnpT + 609F s greater than TSOft-]b/35mi]S)

Upper Shelf Energy (USE) 111 ft-1b (Charpy data of WCAP-8233)



Table 5

Pl ant Nane: Sequoyah Nuclear Plant - Unit 2

Material Description: Lower Shell Forging 04

Heat Nunmber: 990469/ 293323

Speci fication: ASTM A 508 ci. 2

Supplier: Rhei nstahl Huttenwerke

Heat Treatnent: (from Rott erdam Dockyards Conpany records)?!

Run No. Max Tenp  Min Tenp Tenp Range Ti me Quench Run 1D

1 17240F 1616 OF 1089F 3-1/ 2hr W0 Aust eni ti zi ng
2 1292°F 1202°F 9’F 5- 1/ 4hr FC Tenpering

3 1158 F 1105°F 5PF 19hr  16min FC Stress Relief

lRun 1and 2 are required limts, not actual results.

Conposition (w X): (Analyzes by Rotterdam Dockyard Conpany)
C Mh P S Si N G Mo Cu Cb Al

0.18 0.68 0.012 0.014 0.22 0.75 0.33 0.66 0.14 N/A  N/A

Fracture Toughness:

Drop Weight TNDT -40F (Drop weight tests by Rotterdam Dockyard Conpany)

Charpy T50ft-1b/35nils +2%F (lorgitudinal Charpy testi ng by Rotterdam
Dockyard Conpany reduced to 65%

RTNOT -32F (TNDT + 60F isless than T50ft-Ib/35nils)

Upper Shelf Energy (USE) 100 ft-Ib (longitudinal Charpy testing by Rotterdam
Dockyard Conpany reduced to 65%



Table 6

Pl ant Nane: Sequoyah Nuclear Plant - Unit 2
Materl al Description: Internediate Shell Forging 05
Heat Nunber: 288757/ 981057

Speci fi cation: ASTM A 508 c¢l. 2

Suppl i er: Rhei nstahl Huttenwerke

Heat Treatment: (from Rotterdam Dockyards Conpany records)

Run No. MaxTenp sm n Tenp Tenp Range Time Quench Run ID
17000 F 1650 °F 50°F 3-1/2 hr Aust eni ti zi ng
12500 F 1200°F 50F 9 hr Tenpering
11550F 1105°F 500F 23 hr 12 nin Stress Relief

Conposition (w X): (Analyses by Westinghouse as reported i n WCAP-8513)
C M P S Si N Cr Vh Cu \Y, Al

0.18 0.72 0.018 0.018 0.27 0.74 0.33 0.64 0.13 0.022 0.027

rracture Toughness:

Drop Weight TnDT -289F (drop weight tests by Rotterdam Dockyard Conpany)

Tangential Orientation:

Charpy T50ft-1b/35nils -30 F (longitudinal Charpy data of WCAP-8513)

RTNDT -28F (TNDT + 60°F isgreater than TsOft-1b/35m is)

Upper Shelf Energy (USE) 138 ft-Ib (longitudinal Charpy data of WCAP-8513)
Axial Orientation
Charpy T50ft-1b/3'nils +10(.  (transverse Charpy curve of WCAP-8513)1

RTNDL +10F (TNDT +60°F is less than T5C t-1b/35mls )

Upper Shelf Energy (USE) 88 ft-Ibt (transverse Charpy data of WCAP-8513)

| Lower bound Charpy curve value reported in WCAP.



Pl ant Nare:
Material Description:
Heat Number:

Speci fication:

Table 7

Sequoyah Nuclear Plant - Unit 2

Internediate Shell Forging 05 - Heat Affected Zone (HAZ)
288757/ 981057

ASTM A 508 ci. 2

Supplier: Rhei nst ahl Hut t enwer ke

Heat Treat nent: (from Rotterdam Dockyards Conpany records)

Run Nn-o Max Tetm M n Term Temm Ranae Ti me Quench Run 1D
17000 F 16500F 50 F 3-1/2 hr Austeni tizi ng
12500F 1200° F 50Q0F 9 hr Tenpering
11550 F 1105°F 50F 8 hr 56 nin Stress Reli ef
Subnerged Arc \\él ded
1158 F 1105°F 56 F 14 hr 16 min FC Stress Relief

Conposition (w X):

C M. P S

0.18 0.72 0.018 0.018 0.27

Fracture Toughness:
Drop Weight TNDT
Charpy T50ft-1 b/35ni|s
RTNDT

Upper Shel f

Energy (USE)

(Anal yses by Rotterdam Dockyard Conpany)

Si N o Mb Cu AA

0. 029 H W

0.74 0.33 0.64 0.13

-1%F (drop weight tests L. °otterdam Dockyard Conpany)
+14#F (transverse Charpy curve of y' CAP-8513)

-13F (TNOT + 60F i. greater than TS5Oft-1b/35miis)

118 ft-1b (transverse Charpy data of WCAP-8513)



Table 8

Pl ant Nane: Sequoyah Nuclear Plant - Unit 2
Material Description: Circunferential Weld Seam 04/05
Wre Heat Nunber: 4278 (Arco Chenie)

Vel d Type: Subnerged Arc Weld

Wre Type: S4 MO

Fl ux Type: Poeder 89 (Smit)

Fl ux Lot: 1211

Fabricator: Rot t er dam Dockyard Conpany

Heat Treatnent:

Run No. Max Tenp Mn T Tspm  BzpgP Tihe iy h RUR 1
1155 OF 1100 OF 50 O 14 hr 16 mn FC Stress Reli ef

Conposition (As welded, wt X): (Analyses by \éstinghouse as reported i nWCAP-8513)
C Mh P S Si N O MO Cu \Y Al

0.095 1.50 0.016 0.013 0.41 0.11 0.085 0.53 0.13 0.002 0.009

Fracture Toughness:

Drop \eight TNDT -&F (drop weight tests by Rotterdam Dockyard Conpany)
Charpy T50ft-1b/35nils +14F "Charpy data of WCAP-8513)
RTNDT -®F (TNDT + 60F is greater than T50ft-Ib/35nils)

Upper Shelf Energy (USE) 105 ft-1b (Charpy data of WCAP-8513)



Tdble 9

HEAT TREATMENT OF SURVEI LLANCE WELDMVENT

The surveillance wel dnents for Sequoyah Uni's 1 and 2 were identical tn the closing
girth seam wel dments between forgings 04 and 05 of the reactor vess' iswith the
exception of the flux lot nunber for Unit 1. The surveillance base materials from
forgings 04 and 05 were heat treated identical to the respective forgings up to
wel ding the final sedm for both units. A summary of additional heat treatments
following fabrication of the ring forgings isas follows:

Unit 1
Mat eri al Run No- Ti me Teno- Run ID
forging 04 1 7 hr 13 min 1130 + 250F  stress relief before weld 04/05
2 13 hr 10 nin 1130 + 25°F stress relief after weld 04/05
Tot al 20 hr 23 nin
forging 05 1 14 nin 1130 + 25°F  stress relief before weld 04/05
2 10 min 1130 + 25CF stress relief after weld 04/05
Total 24 mn
Weld 04/05 1 13 hr 10 min 1130 + 25°F stress relief after weld 04/05
Unit 2
Materi al Run No. Time Temp,. Run 1D
forging 04 1 ir 0 min 1130 + 25uF stress relief before weld 04/05
2 ir 16 min 1130 + 25°F stress relief after weld 04/05
Total ir 16 min
forging 05 1 56 mn 1130 + 259F stress relief before weld 04/05
2 16 nin 1130 + 25°F stress relief after weld 04/05
Tota 1 12 mn

Wel(; 1/05 1 14 hr 16 min 1130 + 250F stress relief after weld 04/05



3.b.

3.C.

SEQUOYAH NUCLEAR PLANT - RESPONSE TO GENERI C LETTER 92-01

Normal operation of the cold ley docs not occur below 525°F while
the reactors are critical. The minimum RCS |oop average
tenperature (Tavg) isrequirpd by the Sequoyah Techni cal
Specification to be >5419F within 15 minutes prior to achieving
criticality. At O power THot and 'Cold are at essentially the
sane tenperature. The operation of the reactor is such that

'Cold remains essentially constant, while THot increases to neet
the power requirenents.

Since cold leg tenperatures do not fall below 525°F while the
reactors are critical, no predictions need to be made concerning
the effects of low temperature enbrittlement.

The surveillance results fromtwo capsules from each unit were used to

reeval uate the adjusted reference tenperatures and recal cul ate operating
paraneters to conply with RG 1.99, Revision 2. These data, given inWCAP-12970
and WCAP-12971, were used to prepare the recent TS subnmittals for SQN 1 and 2.

The rmean-plus-two standard deviation predicted by Regulatory Guide 1.99,
Revision 2, exceed the neasured increase inreference tenperature for all Unit
| beltline materials. For Sequoyah Unit 2 weld metal, the neasured chemistry
factors for capsules T and U, taken individual 'y, are each less than the

predi cted mean-plus-two standard deviations. However, when the method of
Section 2.1 of the Reg. Guide isused to determne the adjusted reference
tenperature for two sets of creditable surveillance data. i.e., "calculating
the chemstry factor. CF, for the best fit by nultiplying each adjusted RTNDT
by its corresponding fluence factor. summing the products, and dividing by the
sum of the squares of the tluence factors," the combined "neasured" chemistry
factor increases. This increase results ina "neasured" refhrence tenperature
whi ch exceeds the predicted nean-plus-two standard deviations at the higher
fluence levels. The predicted and nmeasured conparisons for the capsul es
directly and for the conbined value which minimzes the sumof the square of
the errors are given below in Tables 10 and 11

Table 10

Comparison of Measured and Predicted Reference Tenperature |ncreases
for Unit 2 Wld from Capsules T and U

Capsule T Capsule U As
Irradiated As |rradiated

Para-motttr Predicted Measured Predicted Measured
Chemi stry Factor, CF (OF) 68 80 68 130
Fluence, f (10%° n/ cm?) 0.220 0.220 0. 643 0. 643
Fl uence factor, ff 0.592 0.592 0. 876 0.876
ARTNDT (OF) = CF x ff 40. 3 47. 4 59.6 113.9
Margin, 26 (OF) 56 - 56
Conparison of ARTNDT (Or) 96. 3 47. 4 115.6 113.9

The conbined capsule T and U chenistry factor for the Unit 2 weld netal is
144 OF (WCAP-12971).



Table 11

Conparison of "Measured" and Predicted Reference Tenperature Increases
for Unit 2 Weld Metal from Conmbined Capsule T and U Chemistry Factor

On Decenber 16, 1991 At EQL (32 EFPY)

Par anet er Predicted Measured Predicted Measured
Chenistry Factor, CF (OF) 68 144 68 144

Fluence, f (1019 n/cm?) 0.199 0.199 0.996 0. 996
Fl uence factor, ff 0. 567 0. 567 0.999 0. 999
6RTNDT (OF) = CF x ff 38.6 81.7 67.9 143.8
Margin, 26' (OF) 56 56 -

Conparison of ARTNDT (OF) 94.6 81.7 123.9 143. 8
The weld netal isthe controlling Unit 2 beltline material. The adjusted

reference tenperature fromthe surveillance data has been usec' |o generate
".atup and cool down curves.

Al Charpy upper shelf energies (USE) for Sequoyah Units 1 and 2 beltline
materials exceed the predicted values using Regulatory Guide 1.99, Revision 2.
guidelines with the exception of the lower forging 04 heat-affected zone of
Unit 1. Data fromthe first tw capsules (Tand U) removed from Unit 1 reactor
vessel indicate USE values slightly lower than predicted by Figure 2 of

Regul atory Guide 1.99, Revision 2. However, prelimnary data fromcapsule X,
currently being evaluated by Westinghouse, provides neasurenents which indicate
the upper shelf energy to be greater than predicted, even when the data is
treated conservatively. (Capsule X has been subjected to a fluence that
exceeds the maxinum end-of-life (32 EFPY) neutron fluence at the 1/4T
position.] These data, given intable 12 below, are based on Charpy
measurements which exhibit significant scatter inLhoth the irradiated and
unirradiated condition. Inview of the more recent data of capsule X, it is
concluded that the anomal ous behavior inupper shelf values of capsules Tand U
of unit 1 forging 04 HAZ are due to the inherent data scatter.

Table 12

Unit | Forging 04 Heat-,-- ected Zone

Material Condition Fl uence UDDer Shel f Energy (USE)
001
Uni rradi at ed 0 86
‘rradiated (Capsule T) 0.274 69
Irradiated (predicted) 0.274 72 (predicted value > nea:ared)
Irradiated (Capsule U) 1.08 64
Irradiated (predicted) 1.08 67 (pdicted value ' neasured)
Irradiated (Capsule Xl 1.61 82.5(68)
Irradiated (predicted) 1.61 63.6 (predicted value < measured)

| Prelimnary data obtained under Shop Order TJIP-S003 with \Westinghouse
for analysis of capsule X

2Value in( ) is obtained by excluding extraneously high upper shelf
data point



ENCLOSURE 3

WATTS BAR NUCLEAR PLANT - RESPONSE TO GENERI C LETTER 92-01

1. The surveillance prograns for Watts Bar Units 1and 2 reactor
pressure vessels were devel oped to neet the requirenments of ASTM
E 185-73. These prograns are descibed inWstinghouse WCAPs 9298
and 9455. It is TVA's position that both surveillance progranms
neet the requirenments of Appendix Hto 10 CFR Part 50. Six test
capsul es containing transverse Charpy specinmens, tensiles, and
conpact tension sanples of the limting forging material, the
wel d rnctal, and the HAZ are currently installed ineach vessel.

2.a. Upper Shelf Energy Predictions

Predi ct ed Pr edi ct ed

Copper USE USE USE
Unit Material Content ~ Measured  Decrease at. QL
wt/% ft- Ib ft-1b
I Lower Shell Forging 04 0.08 70
Internedi ate Shell Forging 05 0.17 92
(Tangenti al)
Internediate Shell Forging 05 0.17 434
(Axial)
Internediate Forging 05 HAZ 0.17 62
Circunferential Weld Seam 0.05 102
2 Lower Shell Forging 04 0.05
Intermediate Shell Forging 05 0.05
(Tangential)
Intermediate Shell Forging 05 0.05
(Axial)
Intermediate Forging 05 HAZ 0.05
Cir unfereontial Weld Seam 0.0")

f luonce values used in upper shelf predictions:

The design basis fluence (32 FFPY) for Watts Bar Nuclear Plar)t Units 1 and 2
is:

318 x 1019 n/im’ (F 1 MeV)



2. b.

WATTS BAR NUCLEAR PLANT - RESPONSE TO GENERI C LETTER 92-01

At 1/4 thickness, the fluence is given as:

fluencel /4T =  fluencesurf.(e-2 *X)

X1/ 4T 2.154 in.

1/4 (8.46 + 0.156 in.)

fl uencel / 4T 3.18 x 1019 (e-°.2% x 2.154)

= 3.18 x 1019 x (0.5963)

= 1.896 x 1019 n/cm? (E > 1 MeV)

As shown above, the Charpy upper shelf energy for Watts Bar Unit 1

i ntermedi ate shell forging 05 heat 527536, based on the design basis
fluence and indicated copper levels, is predicted to fall below 50 ft-Ib
prior to end of life (32 EFPY). Actions to be taken in regard to Paragraphs
IV.A1 and V.C of Appendix Gto 10 CFR Part 50 will be subnmitted by

January 29. 1993.

The Charpy upper shelf energy predicted for Decenber 16, 1991 is the sane as
the unirradi ated USE

The construction of Watts Bar Units 1 and 2 reactor vessels by Rotterdam
Dockyard Conpany conplied with the requirenents of the 1971 ASME Boiler and
Pressure Vessel Code Section IIl for Cass "1" vessels and addenda up to and
including the Wnter 1971. However, the surveillance programs for Watts Bar
Units 1 and 2 reactor pressure vessels were devel oped to neet the
requirements of ASTM E 185-73. Wth the exception of the low upper shelf
energy discussed in Section 2.a. above, it is our position that conpliance
with the fracture toughness requirements of Appendix G of 10 CFR Part 50 has

been met. Material properties requested are provided in tables 1 through 9
whi ch foll ow.



Pl ant Nane:
Mat erial Description:
Heat Nunber:
Speci fication:
Supplier:

Heat Treatnent:

Run MNon Max Tenmm

Table 1

Watts Bar Nuclear Plant - Unit 1
Lower Shell Forging 04
52852?

ASTM A 508 ci. 2

Fried. Krupp Huttenwerke

(from Rotterdam Dockyards Conpany records)

Mn TenD Tenmp Ranae Ti me Quench Run ID
1688°F 1616°F 7P°F 6 2/3 hr o) Aust eni ti zi ng
12299F 1202° F 27PF 6 hr FC Tenpering
11759F 1103°F 729F 18 hr 02 min FC Stress Reli ef

Conposition (w X):
C Mh P S
0.20 0.69

906 0.010

Fracture Toughness:
Drop \Weight TNDT

Charpy T50ft-Ib/35nils

RTNDT

Upper Shelf Energy (USE)

(Anal yses by Rotterdam Dockyard Conpany)

Si Ni C b Cu Cb Al

0.32 0.83 0.34 0.57 0.08 NA 0.01

+5%F (drop weight tests by Rotterdam Dockyard Conpany)

-2@F (longitudinal Charpy testing by Rotterdam
Dockyard Conpany reduced to 65%

+8F (TNDT + 60°F isgreater than T50ft-1b/35ms)

88 ft-1b (longitudinal Charpy testing by Rotterdam
Dockyard Company reduced to 65X)



Pl ant Nane:
Mat erial Description
Heat Nuaber:

Speci fication:

Table 2

Watts Pir Ntrlear Plant - Unit 1
Intermedi ate Shell Forging 05
527536

AS .AD508 cl. 2

Supplier: Fried. Krupp Huttenwerke

Heat Treatnent: (from Rotterdam Dockyards Company records)

Run No. Max Tenp Mn Tenp Tenp Range Ti me Quench Run 1D

1 16979 F 1616 °F 8 F 312 hr e} Aust eni ti zi ng
2 1238°F 1202°F 36°F 6 hr FC Tenpering

3 11759F 1103 °F 72F 24 hr 06 min FC Stress Relief

Conposition (w X): (Analyses by Rotterdam Dockyard Conpany)

_Mh P S
0.20 0.73 0.01? 0.016

Fracture Toughness:

Orop Weight TNDT

Taniental orientation:
lharpy TqOft-1b/35mis
R NOT

Upper Shelf Energy (USE)

A« ial cr ientdt inn:
(harp,, | ft1-1t/1/3r

RTNO(
Upperr  Shelf Energy (USE)

S N o My of o) Al
0.5 0.80 0.32 057 0.17 NA -0.02

-20%F (drop weight tests by Rotterdam Dockyard Conpany)

-50f (longitudinal Charpy data of WCAP-9298)

-?2?0F (TNDT * 600F is greater than T5Oft-Ib/35mils)

13?7 ft-1b (longitudinal Charpy data of WCAP-9298)

10I7F (trdnsvfrs.'™* Charpy curve of WCAP-9?98)
+4")F (BOft-Ib/35mi 1s ' ss 6°F is greater than iNol)

62 ft-1b (transverse Charpy data of WCAP-9298)



TablT 3

Pl ant Name: Watts Bar Nuclear Plant - Unit 1

Material Description: Internmediate Shell Forging 05 - Heat Affected Zone (HAZ)
Heat Nuber: 527536

Speci fication: ASTM A 508 cl. 2

Supplier: Fried. Krupp Huttenwerke

Heat Treatnent: (from Rot terdam Dockyards Conpany records)

Run No. Max Temp Mn Tenp Tenp Range Ti e Quench Run 1D
1697°F 1616 OF 81°F 3 1/2 hr WQ Aust eni ti zi ng
12380F 1200 F 36°F 6 hr- FC Tenperi ng
11550 F 1105°F 58 F 10 hr 56 min FC Stress Relief

Submerged Arc Wl ded

11759 F 11039F 70F 14 hr 20 min FC Stress Reli ef

Conposition (w %: (Analyses by Rotterdan Dockyard Conpany)
C Mh P S Si Ni Cr Mo Cu Ch Al

0.20 0.73 0.012 0.016 0.5 0.80 0.3? 0. 57 0.17 NA -0.01

Fracture Toughness:

Drop Weight TNDT -(20F (drop veight tests for base netal assumed for
HAZ.  This is conservative since HAZ shows
i nproved inpact properties)

Charpy ¥ gft-1h/35miis 434"F (transverse Charpy curve of WCAP 9298)

Pl ni -?2F  (TNDI 60-F is greater than T5Sft-hlb/35miis)

iJppor Sht If i nerqy (US) ") ft bt (trinvr.rs (Chrpy data of WCAP 9238)



Table 4

Pl ant Nare: Wt - - N rNopr Plant - Iunit 1

Mat erial Descripti on: Grcunferential Weld Seam 04/05

Wre Heat Nuner: 895075

vl d Type: Subnerged Arc Weld

Wre Type: S3 N M of Hoesch Data from WCAP-9298
Fl ux Type: Gau L.O (LW 320)

Flux Lot: p. 46

Fabri cator: Rot t er dam Dockyard Conpany

Heat Treatnent: (from Rotterdam Dockyards Conpany records)

Run No. Max Temv SMin Temn Tpno Ranae Tinp Qupnrh Run I D
1 1175 OF 1103 OF 72 CF 14 hr 20 mn FC Stress Relief

Conposition (As welded, wt X): (Analyses by Rotterdam Dockyard Conpany)
Mn S ;.S Ni Cr _ M Cu Cb Al

A 1.97 2? 0.70 0.05 0. 56 0.05 N/A N/A

Fracture Toughness:

[rt"D Wt ighrt lin -61c (drop weight tests by Rotterdam
Dockyard  nonpany)

I (Charpy (urvf, of WCAP 9298)

1r D
* (NTD ®00i 1 IPSs than T50ft-1b/35mils)

Si;»  ((hdrpy data of WCA;, 929P)



Pl ant Nane:

Material Description
Heat Nunber:

Speci fication:

Suppl i er:

Heat Treatnent:

Run No,

Table 5

Vatts Bar Nuclear Plant - Unit 2
Lower Shell Forging 04
528658

ASTM A 508 cl. 2

Fried. Krupp Huttenwerke

(from Rot t erdam Dockyards Conmpany records)

Max  Tenp Min Tenp Tenp Range Ti me Quench Run I D
1 1706°F 1616 °F 900F 2 2/3 hr wWQ Aust eni ti zi ng
2 1238°F 1202°F 36°F 5 1/2 hr FC Tenperi ng
3 1152°F 1103°F 49°F 15 hr 34 min FC Stress Relief

Composition (w %:
C Mn P

0.?70 0.7? 0.n06 0.010

Fracture Toughness:

lir-(); Weight TNOT

Chlarpy | Kft-1b/,3mil,

li;r [nr ShTN ()
istr Shelf [~nerq ,/ (US!

(Anal yses by Rotterdam Dockyard Conpany)

Si N NCr M Cu Al

0.58 0.05 NA  *C.01

*5'F (transverse drep weight
Dockyard Cormany)

'y-sts by Rotterdam

-380F ( ongitudindl CnMrpy testing by Rotterdam
Dockyard CoT.pany reduced to 65%)
A (INIT 60°F is crt, -nan T50ft- Ib/35mi s)
101 ft 1b (lon)itudinda” .drp) tt»sting by
Pott'-ri- ' ;2 ,ard Company
rt-diui y, ** 65



Pl ant Nane:
Material Description:
Heat Nunber:

Speci fication:

Tible 6

Watts Ear Nuclear Plant - Unit 2
Internediate Shell Forging C3
521828

ASTM A 508 cl. 2

Supplier: Fried. Krupp Huttenwerke

Heat Treatnent: (from Rotterdam Dockyards Conpany records)

Pun NO. Maw Tenp Mn Tenp Tenp Range Ti ne Quench Run ID

1 1697°F 1616 °F 81°F 4 hr WQ Austeni ti zi ng
12,° F 1202° F 36°F 6 hr FC Tenperi ng

3 1!520F 1103°F 49°F 19 hr 30 nin FC Stress Relief

Compositon (w X):
rr

(Anal ysos by Protterdam Dockyard Conpany)

S Si r Cu (0] Al
i rdl bD? '.01? 0.78 QU.7:.55 0.28 0.05 N A '0.01
Fracture Toughness:
«'. ' | 'op weight ttsts by Kotterdam Dockyard Conpany)
[\'nuy' ~*'d~ ' . {7
J-IT
C ",nijtitldina 1 Charpy (dataof WCAP-9455)
" a

iKlr, T + 600y is qgreater than T50ft- Ib/35mn is)
II" t-it, (1.ngitudinal Charpy data of WCAP-9455)

r»  rar, r~ f WI(AP -9%C )

L: iN  + 60" is qgrtwatr.T than Troft- Ih/35mi is)

Uppir  Snh' it &rq, (LSz 110 r it.  (transvtersv Charp, data Of WCAP' 945)



Table 7

Pl ant Nane: Watts Bar Nuclear Plant - Unit 2
Material Description: Intermediat2 Shell Forging 05 - Heat Affected Zone (HAZ)
Heat Nuuber: 527828

Speci fication:
Suppl i er:

Heat Treatnent:

ASTM A 508 cl. 2
Fried. Krupp Huttenwerke

(from Rotterdam Dockyards Conpany records)

Run No. Max Tenp  Min Tenp Tenp Range Ti me Quench Run 1D

1 16979 F 1616°F 81°F 4 hr W0 Aust eni ti zi ng
2 1238°F 1202°0F 36°F 6 hr FC Tenpering

3 1152 OF 1103°F 49°F 6 hr 9min FC Stress Reli ef
4 Submerged Arc Wl ded

5 11520F 1103°F 49PF 13 hr 21 min FC Stress Reli ef

Conposition (w %): (Analyses by Rotterdam Dockyard Conpany)

C Mn P

021 0.72 0.012

S Si N o} Mb Cu Al
0.012 O.7R 0.78 0.28 0.55 0.05 <0.01

Fracture Toughness:

Drop \eight TNDT

-679F (drop wei ght tests by Rotterdam Dockyard Conpany)

Charpy T50ft-1b/35mls -500F (transverse Charpy curve of WCAP 9455)

RTNOT

-610F (TNDT + 6 F isgreater than T50ft-1b/35nils)

Upptr Shelf Fn.rTy (19 130 ft hl@transverse Charpy data of WCAP 9455)



Table 8

Pl ant Nane: Watts Bar Nuclear Plant - Unit 2

Mat erial Description Crcunferential Wld Seam 04/05

Wre Heat Hutnber: 895075

Wel d Type: Subrmerged Arc Weld

Wre Type: S3 Ni M of Hoesch Data from WCAP- 9455
Fl ux Type: Gau L.O (LW 320)

Flux Lot: p. 46

Fabricator: Rot t er dam Dockyard Conpany

Heat Treatnent:

Run No. Max TenD Mn Tem  Tenop Ranae Time CQuench Run in
1152 OF = 1103 OF 49 OF 13 hr 21 mn Stress Relief

Conmposition (As welded, wt 9% : (Analyses by Rotterdam Dockyard Conpany)
C M P S Si N o Mo Cu Cb

0.069 1.97 0.01 0.01 0.22 0.70 0.05 0.56  0.05 N A

Fracture Toughness:

Drop Wight TNDT -76°F (drop weight tests by Rotterdam Dockyard

. Conpany)
Charpy T50ft-1h/35mils +10°F (transverse Charpy data of WCAP 9455)
RTNDT -500F ("™NDT + 6(PF is less than T50ft-1b/35nils)

Upper Shelf Energy (USE) 139 ft-Ib (transverse Charpy data of WCAP 9455)



Table 9
HEAT TREATMENT OF SURVEI LLANCE WELOVENT

The surveillance weldinents for Watts Bar Units 1 and 2 were identical to the
closing girth seam wei dnents between forgings 04 and 05. The base materials from
forgings 04 and 05 were heat treated identical to the respective forgings up to
wel ding the final seam for both units. A summary of additional heat treatnents
followng fabrication of the ring forgings isas follows (fromRotterdam records):

Unit 1
Mat eri al Run No. Tine Tenp. Run 10
forging 04 1 3hr 42 nin 1130 t z°OF stress relief before weld 04/05
2 14 hr 56 min 1130 £ 250F stress relief after weld 04/05
Tot al 18 hr 38 nin
forging 05 1 10 hr 56 nin 1130 + 2%F stress relief before weld 04/05
2 14 hr 56 nin 1130 + 2%F stress relief after weld 04/05

Tot al 25 hr 5? nmin

Wl d 04/05 1 14 hr 56 min 1130 +25°F stress relief after weld 04/05

Unit 2

Miterial Run  No. Tine Tenp. Ron 10

forging 04 1 2h 13 nn 1130 +25°F stress relief before weld 04/05
2 13 hr 21 mn 1130 +250F stress relief after weld 04/05

Tot al 15 hr 34 nin

forging 05 1 6hr 09 min 1130 25OF stress relief before weld 04/05

2 13 hr 21 mn 1130 257%CF stress relief after weld 04/05

Tot al 19 hr 30 nmn

Weld 0,1/05 1 13 hr 201 min 1130 + 250F stress relief after weld 04/05



3.a.

3.h.
3.¢C.

WATTS BAR NUCLEAR PLANT -- RESPONSE TO GENERIC LETTER 92-01

Normal operation of the cold leg does not occur bel ow 5250F while
the reactors are critical. The mninum RCS |oop average
tenperature~(Tavg) i sproposed by the draft Watts Bar Techni cal
Specification to be > 5510F within 15 minutes prior to achieving
criticality. At O power THX and TCojd are at essentially the
same tenperature. The operation of the reactor i ssuch that
TCold remnins essentially constant, while THQ increases to neet
the power requirements. Since cold leg tenperatures do not fall
bel ow 5250F while the reactors are critical, no predictions need
to be made concerning the effects of |ow tenperature
enbrittlement.

No surveillance results exist for VWatts Bar.

Watts Bar Nuclear Plant isstill under construction. Therefore
no surveillance data exist for changes inthe reference
tenperature or upper shelf.



ENCLOSURE 4
WATTS BAR NUCLEAR PLANT COWM TMENT

Actions to be taken inregard to Paragraphs | VA1l and V.C of Appendix G
to 10 CFR Part 50 will be submitted by January 29, 1993.



ENCLOSUJRE 4
COWI TMENTS

Actions to be taken inregard to Paragraphs |VA1l and V.C of

Appendix Gto 10 CER Part 50 for WBN will be submtted by January 29,
1993.

Submit by Decenber 1, 1992, a summary eval uation of the time and
accumul ated fluence during intervals of BFN operation bel ow 5250F and

its effect on the reference tenperature and on the Charpy upper shelf
energy.



