
Tennessee Valley Authority, Post Office Box 2000, Spring City, Tennessee 37381

U.S. Nuclear Regulatory Commission
ATTN: Document Control Desk
Washington, DC 20555

Gentlemen:

In the Matter of the Application of ) Docket Nos. 50-390
Tennessee Valley Authority ) 50-391

WATTS BAR NUCLEAR PLANT (WBN) - PROPOSED CHANGES TO FINAL SAFETY
ANALYSIS REPORT (FSAR) RESULTING FROM REANALYSIS OF PRESSURIZED THERMAL
SHOCK (TACIM7896)

TVA has recently completed reanalyzing the reactor vessels of both WBN
units for their susceptibility to pressurized thermal shock (PTS). The
analysis demonstrated WBN's compliance with 10 CFR 50.61 and its
fracture toughness requirements for protection against PTS events. The
analysis used the calculational methodology developed by Westinghouse
and incorporated updated input parameters for WBN's reactor vessels and
core components. It also addressed a concern about the peak neutron
fluence that could be experienced by the reactor vessel of each WBN
unit. This concern was raised by Mr. Lambros Lois and Mr. Peter Tam of
the NRC staff in a telephone conversation on November 18, 1991.

Preliminary FSAR page markups reflecting the latest PTS analysis are
attached to this letter as Enclosure 1. Enclosures 2 and 3 provide the
technical bases for these FSAR changes. Enclosure 2 is Westinghouse
Topical Report WCAP-13300 ("Evaluation of Pressurized Thermal Shock for
Watts Bar Unit 1"). Enclosure 3 is WCAP-13301 ("Evaluation of
Pressurized Thermal Shock for Watts Bar Unit 2").

Please review the enclosed set of proposed changes to FSAR Chapter 5.
TVA plans to incorporate the changes formally in a future FSAR amendment
after receiving NRC concurrence.
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If you have any questions, please telephone John Vorees at
(615) 365-8819.

Sincerely,

William J. Museler
Site Vice President

Enclosures
cc (Enclosures):

NRC Resident Inspector
Watts Bar Nuclear Plant
P.O. Box 700
Spring City, Tennessee 37381

Mr. P. S. Tam, Senior Project Manager
U.S. Nuclear Regulatory Commission
One White Flint, North
11555 Rockville Pike
Rockville, Maryland 20852

Mr. B. A. Wilson, Project Chief
U.S. Nuclear Regulatory Commission
Region II
101 Marietta Street, NW, Suite 2900
Atlanta, Georgia 30323
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Material specifications used for the principal pressure ret.aining applications
in each component comprising the Reactor Coolant Pressure Boundary (RCPB) are
listed in Table 5.2-8 for ASME Class 1 Primary Components and Table 5.2-9 for
ASME Class 1 and 2 Auxiliary Components. The materials are procured in
accordance with the material specification requirements and include the
special requirements of the ASME Boiler and Pressure Vessel Code, Section III,
plus Addenda and Code Cases as are applicable and appropriate to meet Appendix
B of 10 CFR 50 in the Federal Register, Vol. 35, No. 125. It should be noted
that these material specifications are typical for the listed applications.

The welding materials used for joining the ferritic base materials of the
RCPB, conform to or are equivalent to ASME Material Specifications SFA 5.1,
5.2, 5.5, 5.17, 5.18 and 5.20. They are tested and qualified to the
requirements of ASME Section III rules. In addition the ferritic materials of
the reactor vessel beltline are restricted to the following maximum limits of
copper, phosphorous and vanadium to reduce sensitivity to irradiation
embrittlement in service:

Element

Copper

Phosphorous

Vanadium

Base Metal(%)

0.10 (Ladle)
0.12 (Check)
0.012 (Ladle)
0.017 (Check)
0.05 (Check)

As Deposited
Weld Metal(%)

0.10

0.015

0.05 (as residual)

eeThe welding materials used for joining the austenitic stainless stl
materials of the RCPB conform to ASME Material Specifications SFA 5.4
They are tested and qualified to the requirements of ASME Section III

The welding materials used for joining nickel-chromium-iron allow in similar
base material combination and in dissimilar ferritic or austenitic base-
material combination conform to
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5.2.4.2 Acceptable Fracture Energy Levels

Initial upper shelf fracture energy levels for materials of the
Reactor Vessel Beltline Region (including welds), as determined
by Charpy-V-Notch Test on specimens oriented in the transverse
direction of the base material, will be established for the
reactor vessel irradiation surveillance test program. The
surveillance program will monitor the material properties of
the beltline region to assure that adequate fracture toughness
is maintained.

5.2.4.3 Operating Limitations During Startup and Shutdown

Startup and shutdown operating limitations will be based on
the properties of the core region materials of the reactor
pressure vessel[6]. Actual material property test data will
be used. The methods outlined in Appendix G to Section III of
the ASME Code will be employed for the shell regions in the
analysis of protection against non-ductile failure. The ini-
tial operating curves are calculated assuming a period of
reactor operation such that the beltline material will be
limiting. The heatup and cooldown curves are given in the
technical specifications. Beltline material properties degrade
with radiation exposure, and this degradation is measured in
terms of the adjusted reference nil-ductility temperature
which includes a reference nil-ductility temperature shift
(ARTNDT).

-O~d v~c keJf
Predicted ARTNDT values areýderived using two curves: the
effect of fluence and copper content on the shift of RTNDT for
the reactor vessel steels exposed to 550'F temperature curve,
and the maximum fluence at 1/4 T (thickness) and 3/4 T loca-
tions (tips of the code reference flaw when the flaw is assumed
at inside diameter and outside diameter locations, respectively)
curve. These curves are presented in the technical specifica-
tions. For a selected time of operation, this shift is assigned
a sufficient magnitude so that no unirradiated ferritic mate-
rials in other components of the Reactor Coolant System will
be limiting in the analysis.

The operating curves including pressure-temperature limitations
are calculated in accordance with 10CFR Part 50, Appendix G
and ASME Code Section III, Appendix G, requirements. Changes
in fracture toughness of the core region forgings, weldments
and associated heat affected zones due to radiation damage
will be monitored by a surveillance program which is based on
ASTM E-185'73 Recommended Practice for Surveillance Tests for
Nuclear Reactor Vessels" and 10CFR Part 50, Appendix H. The
Reactor Vessel Irradiation Surveillance Program is in compliance

5.2-40
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with these documents with the exception that four of the six reactor vessel
irradiation surveillance capsules will receive a fluence which is 3.6 times
the maximum reactor vessel fluence. The above documents require that the
capsule to vessel maximum fluence not exceed a lead factor of 3.0. At the
time of the design of the surveillance program, all capsules were positioned
as near to the vessel wall as possible and were limited to a fluence less than
3 times the vessel fluence. Recently a more accurate method of calculating
vessel and capsule fluence has been developed which results in a lead factor
of 3.6 for four of the capsules which are in violation of the above documents.
This violation is not considered to be of any significant consequence since
the test results from the encapsulated specimens will represent the actual
behavior of the material in the vessel and therefore the evaluation of the
effects of radiation on the actual vessel material will not be influenced by
the larger lead factor.

The evaluation of the radiation damage in this surveillance program is based
on pre-irradiation testing of Charpy V-notch and tensile specimens and
post-irradiation testing of Charpy V-notch, tensile, and 1/2 T compact tension
specimens. The post-irradiation testing will be carried out during the'life-
time of the reactor vessel. Specimens are irradiated in capsules located near
the core midheight and removable from the vessel at specified intervals.

apnj niekelThe results-of the radiation surveillance program will be used to verify that
the ATNDT predicted from the effects of the fluence and copper content curveand m icos ap ropriate and to make any changes necessary to correct the fluence and
copper}curves if ATNDT Temperature limits for preservice hydrotests and
inservice leak and hydrotests will be calculated in accordance with 10 CFR
Part*50, Appendix G, and ASME III, Appendix G.

5.2.4.4 The Final Rule - 10CFR5O.61 specifies screening criteria of 270'F for
base materials and axial welds and 300°F for circumferential welds,
and requires that projected reference temperatures (RTp.T.s) be
calculated and evaluated to these criteria. The RTTs are projected
for the inner vessel surfaces of the limiting beltline materials from
the time of FSAR submittal to the expiration date of the operating
license. The basis for these projections is as follows.

and niykei , RTpTS projections for beltline materials are sensitive to copper an /k !con tent and initial RTNDT. "-- l o g ... . .... t .

coppdrcontents and initial RTNDs for units 1 and 2 beltline T

materials,'are provided in tables 5.2.11(a) and (b) in the Final
Safety Analysis Report. The beltline materials consist of the
intermediate forgings, lower forgings, an intermediate-to-lower

forging girth welds ~ased on coppericontent and initial RTNDT, theintermediate forgings are determined to be limiting with respect to
RTpTs for. l;unit 1 .d 2. 1--2-Thef-•r, "T- ........ I.?

C > Mev , -& nx bcov

Copper,.2... pecent, nickelrand in .. c.p..9. , aro 0.17 nF-- • /Tp-,• r - -] .f _~ ~n - ...... ' i. . . ., -- p ....... Th . ... pp

r zntcn, n.. ..... content, and initial RT
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* Analysis conducted by Rotterdam Dockyard Company.

** Values based on results of Charpy tests (WCAPs 9298 and 9455)
and drop weight tests performed at the Rotterdam Dockyard
Company. I-RTNDT is the initial RTNOT prior to irradiation
of the reactor vessel.

(Note: The above data is -Prom Re-ference [15J.)

Cu* Ni* I-RTNDT**
Unit Material Description (%) (M) ('F)

Intermediate Shell 0.17 0.80 47
Forging 05

Lower Shell 0.08 0.83 5
Forging 04

Circumferential 0.05 0.70 -43
Weld, W05

2 Intermediate Shell 0.05 0.78 14
Forging 05

Lower Shell
Forging 04 0.05 0.81 5

Circumferential
Weld, W05 0.05 0.70 -50

0
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The projected RTp.ss are also a function of accumulated neutron
fluence at the inner surface. of the beltline materials. The best
estimate peak neutron fluence at the inner surface for the end-of-
life (expiration of operating license) is taken to be 10'9
n/cm 2 ,, Based on a 40-year design life and an 80% capacity factor,

(E>1.OMeV) end-of-life is taken to be 32 effective full power years (EFPY), andthe best estimate peak neutron fluence at the inner surface per EFPY(Referencef5j) is 6 x l 0'n/cmz.9o9?• •(Re-Ference [151)
The projected RTPTSS 4for WBN Units I and 2 intermediate forgings were

determined by using equation 1 in 1OCFR50.61, paragraph (b)(2), and
the resulting values are presented below.

RTpTs( F).

0 EFPY 3 EFFY 32 EFPY

Unit 1 - Intermediate Forging /8i •I(' 5r.?

Unit 2 - Intermediate Forging ( 0 I0
UN~tZ -C ir-e(JAf reitl Wel'd Se4'2 Jn 4 (0
The projected end-of-life RTPTSs meets the screening criteria of270°F. Therefore, no further action is required until changes in J
core loadings, surveillance measurements, or other information
indicate a'need for updated projections.

fos- oi~4~4 nd 3O0F'o,-~- *weIds..
5.2.5 Austenitic Stainless Steel

The unstabilized austenitic stainless steel material specifications used for
the 1) Reactor Coolant Pressure Boundary (RCPB), 2) systems required :or
reactor shutdown, and 3) systems required for emergency core cooling are
listed in Tables 5.2-8 and 5.2-9.

The unstabilized austenitic stainless steel material for the reactor vessel
internals which are required for emergency core cooling for any mode of normal
operation or under postulated accident conditions and for core structural load
bearing members are listed in Table 5.2-12.

5. 2 -41a
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Comoonen t

Closure Dome

Closure RD Ring

Head Flange

Vessel Flange

Inlet Nozzle

Inlet Nozzle

Inlet Nozzle

Inlet Nozzle

Outlet Nozzle

Outlet Nozzle

Outlet Nozzle

Outlet Nozzle

Nozzle Shell

Inter Shell

Lover Shell

Shell Ring

Bottom RD Trans
Ring

Bottom RD Trans
Ring

Bottom RD Trans
Ring

Mgt'l At" cu

A533-B-1

A508-2

A508-2

A508-2

A508-2

A508-2

A508-2

A508-2

A508-2

A508-2

A508-2

A508-2

A508-2

A508-2

A508-2

A508-2

0.97

0.80

0.83

0.86

0.12

0.17

0.08

0.06

A533-B-l

A533-B-1

A533-B-I

TABLE 5.2-lla

WATTS BAR UNIT 1
REACTOR VESSEL TOUGHNESS DATA

(Sheet 1)

Minimum 50 Ft Lb/
35 Nil Terp' (*F)

Parallel Normal
P NDTT to Major to Major

(OF) Working Direa Working Dirac

- 4 5 25'

- - 4 23 430

-49 - 3 170

-40 -86 -660

-4

-4

- 5

- -13

- -22

- -31

- 4

- -22

0.005 -22

0.012 -22

0.006 + 5

0.009 -40

- -31

- -31

- -40

32

45

3

- 8

13

-19

25

14

e-5

10

-4

-17

R

52'

65'

230

12*

33*

1*

45'

340

107'*

(R-26"*

30'

160

30

TNDT

(*F)

-4

-4

-43

-40

6

-4

5

-13

-22

-27

- 4

-15

-22

+47

+ 5

-30

-31

-31

Ayerage UoPey Shelf (Ft-Lb)
Parallel Normal

to Major to Major
Working Dirac Workinu Direc

99 640

147 960

130 8S'

155 101'

109 71'

124 1e

122 79:

128 83'

119 77*

120 78'

141 920

101 660

151 980

(ER)132 620"

135 88*

161 1054

128

Revised by Amendment 52



TABLE 5.2-1ia

WATTS BAR UNIT I
REACTOR VESSEL TOUGHNESS DATA

(Sheet 2)

Minimum 50 Ft Lb/
35 Nil Temp (OF)

Component

Bottom RD Dome

Beat Affected Zone

Parallel
P NDTT to Major

(S) (OF) Working Direc

Normal
,to Major

Working Direc

Average Upper Shelf (Ft-Lb)
Parallel Normal

RTNDT to Major to Major

(OF) Working Direc Working Diroc

- -31

I17

- 44ý--22

~.Lf3 ~

~-az

131

•s3 I**

S
*Estimated by the methods contained in the 'Renslatory Standard Review Plan, Section 5.3.2 Prassure Temperature Limits'

"Based on transverse data from surveillance program

Revised by Amendment 52

Mat'l N/ Cu
Type ("l l

A533-B-1

w eld (z.TTE'C./Lowex 5ELL) 0.70 0.05 0.010 -67



TABLE 5.2-11b

WAITS BAR UNIT NO. 2 REAC7OR VESSEL FRW.7URE TOUGHNESS TEST DATA

cOMcPONNT

Closure Head Dome
Closure Head Ring
Closure Head Flange
Vessel Flange
Inlet Nozzle
Inlet Nozzle
Inlet Nozzle
Inlet Nozzle
Outlet Nozzle
OJtlet Nozzle
Outlet Nozzle
Outlet Nozzle
Nozzle Shell
Inter. Shell
Lower Shell
Bottom Head Ring
Bottom Head Segment
Bottom Head Segment
Bottom Head Secgnent
Bottom Head Dome
Inter. To Lower Shell
Heat Affected Zone

No. oL. NJ Cu
HEATNO. SPEC. NO. 0)%

55994-1
07793
528994
527944
528209
528267
528267
528329
528095
528207
528209
528329
41.1572
527828
528658
528170
55473-2
55888-2
55888-2
55979-2

Girth Weld

A533B, Cl.
A508 Cl. 2
A508 C1. 2
A508 Cl. 2
A508 Cl. 2
A508ý Cl. 2
A508 Cl. 2
A508 Cl. 2
A508 Cl. 2
A508 Cl. 2
A508 Cl. 2
A508 Cl. 2
A508 Cl. 2
A508 Cl. 2
A508 Cl. 2
A508 Cl. 2
A5338, C].l
A533B, C1.1
A533B, CI.A
A533B, CI.1

0.78.
0.811.
0.87.

0.70.

MINlMI ,50 FT-LB
35 MIL LAT. EXP.

TEMPERATJRE
P TIDT MWD NMD
% OF 0 OF

,00608 On.r -4
08 4 -C0-74
07 .009 -40
06 .009 -22
05 .008 -22
06 .011 -22
06 .010 -13
04 .009 -13
06 .009 -22
06 .011 -13
05 .009 -40
04 .009 -31
07 .005 -22
05 .012 4.14
05 .006 5
06 .009 -40
12 .006 -31
04 .010 -13
04 .010 5
04 .011 -13
05 .010 -76
- - -67

-8
28
-13
10

5
26
23
25
17

7
5

26
:3

14
10
14
21
14
14

AVERAGE
SHELF ENEEGY

RThyT MWD NMD
.-OF FT-LB FT-LB

12* -4
48* -4
7* -40

30* -22
25* -22
46* -14
43* -13
45* -13
37* -22
27* -13
25* -35
46* -14
2 3* -22

W38** 5
30* -30
34* -26
41* -13
34* 5
34* -13

c( -50 -67

143
138
146
219
120
101

93
129
138
109
128
128
142

4M 175
154
160
111
152
149
120

93*
90*
95*

142*
78*
66*
60*
84*
90*
71*

83*
8 3*
92*

11.
4105**

104
72*
99*
97*

130 * *

* Estimated per NRC standard review plant MTB 5.3.2, "Pressure Temperature Limits."
** Based on transverse surveillance program data.

Added by Amendment 43


