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INTRODUCT ION

The Nuclear Regulatory Commission (NR( amended 1ts Jul or light

water nuclear power plants, effective 198¢ ) ) establis!

a screening criterion related to the fracture isistance ressurized
water reactor PWR) vessels during pressurized thermal shock "19) events;
require analyses and schedule ¢ implementation of flu reduction
programs that are reasonab’) ( cable ¢t avoid exceeding screening
riterion; and require jetalled safe luat be per formed
before plant operation beyond the screening ) 0 111 ¢t onsidered.
These amendments are Intended to produce an mprovement ) sarety

FWR vesse y identifying those corrective actions that may be required

prevent « ) jJate potentia o events
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Davis Besse Unit 1 =~ (Table 4-8) FfOJtr&tw‘j values of R1 ¢ al

PTS

materfals in the reactor vessel beltline region are below the screening

riteria at the expiration date of operating license,

The evaluation of the atypical weld metal for the three reactor
pressure vessels required to be evaluated by the procedure established
by the NRC showed that the projected values of F"M . are below the
screening criterfa at the expiration date of the operating |icense
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values are extended
MeV at the reactc

the baffle region
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locations to those for Oconee Unit 1. Azimuthal factors were obtained irom
the most recent DOT calculation for each reactor vessel except for TMI-1,
for which the azimuthal factors were obtained from the DOT calculation for
Oconee Unit 1 Cycles 3 through 7. [t is believed that these values are
more representative of future fuel cycles since DOT calculations are not

available for TMI-]1 beyond Cycle 1.

3.2. Chemical Compositions
The bases of the chemical composition of the materials in the beltline

region of the reactor vessels 1s BAW-18Z which 1is supplemented by the

jata and information in BAW=1799" (Nonproprietary version of BAW=1500P%) ,

Material Froperties
The bases of the material properties which represent actual measured
properties of the beltline region materials 1s BAW-1820. In the cases
where the NRC regulations did not provide a generic initial value of
thL' for efther SA-533 Grade B plate, or SA-508 Class 2 forging material,

the statistical average value of these materfals was calculated using the

data base presented 1n BAN-10046F, ihese values are as fol lows:

Plate Material, SA-533, Grade [

’l',"“Ml'."’f'di, SA-508, Class
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REACTOR VESSEL SPECIFIC CALCULATIONS

4.1 Eressurized Thermal ShoCk
For the purpose of comparison with the PTS criterion, the value of F?P_

for each of the reactor pressure vessel materfals must be calculated as
described in the following paragraphs. The calculation must be made for
each weld, plate, and forging in the reactor vessel beltline. For each

material, the RT_ .. is the lower of the results gi by Equations 1 and

1

Equation 1 was applicable to all he materials in B&N Qwners Group

reactor pressure vessels,

)7 (
' ro y Vel/V
[+M+ [ «10+470Cu+350CuNi Jf

0.194

tquation 1: PTC

f(jL,dt‘llrn e R1 = [+M+2B3f
PTS

)

"I" means the initial reference temperature of the unirradiated mate-

rial measured as defined in the ASME B&PY Code Section 1l1l, Paragraph

A

NB-2331. [f a measured value 1s not available, the 1 Towir generic

'y

) d X 1“4
mean value must be used: 'F for weld made wit!

8

"M" meant the margir [ b o

3 jded to ¢ uncertainties

values « inftial “YN - copper and nf 3] content, fluence
{

the calculational procedures

r
» Al

was used and ' J the generi

"Ni" mean the bhes estimate

the material.
nEN mear
jreate . ) r equa
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requirements as described in 10CFR50.61 are included in Tables 4.1 through

4.8,

4.2 Atypical Weld Metal

The NRC letter of December 12, 1979 transmitting the staff review of
BAW-IOJAAA,lB "Evaluation of the Atypical Weldment," stated in part:
"... conclude that in calculating pressure~temperature operating 1imits for
these vessels, the properties of atypical material should be considered."”
The effect of pressurized thermal shock on reactor pressure vessel integrity
was not an issue at the time. The NRC letter further stated: "... the
probability that atypical weld metal was used in fabricating the subject
vessel 1s very low."™ However, any evaluation of reactor vessel integrity
invoiving the mechanistic approach using fracture mechanics dictates that
the properties of the atypical weld metal be evaluated for those locations

which contain weld metal designated as WF-70.

The NRC evaluation of the atypical weld metal determined that the material
was uniquely different from other materials used in the fabrication of
reactor pressure vessels. The limited irradiation data then available
indicated that the material would also exhibit a uniquely different
response to neutron irradiation. Therefore, the NRC evaluation prescribed
a procedure for evaluating the response of the atypical weld metal to

neutron radfation damage. This procedure is based on Regulatory Guide

1.99, Revision 1,19 however, the procedure is adopted by Regulatory Guide

1.99, Revision 220 for those cases where actual irradiation results are

available for a given material. The available surveillance data for the

atypical weld metal and the evaluation of change in RTN’ resulting from

DT
neutron radiation are presented in Appendix A.

An evaluation of the atypical weld metal in the three reactor pressure
vessels which have weld metal WF-70 at the inside surface in the beltline
region (i.e. Crystal River 3, Three Mile Island Unit 1, Rancho Seco) was
performed for the neutron exposure periods designated by 10CFR50.61 using
the formulation specified for the atypical weld metal. The results of

these evaluations are presented in Table 4-9,.
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()Deratin'; License Expiration Date: November 6, 2007
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InitVel RY
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TABLE 4-8. EYALUATION OF DAYIS BESSE 1 REACTOR PRESSURE VESSEL IN ACCORDANCE WITH PRESSURIZED THERMAL SHOCK CRITERION

Operating License Expiration Date: March 24, 2011 EFPY at Screening Criterfa: >32 (Best Est. _111)
Calendar Years to Screening Criterfa: 140 . Fluence at Screening Critertfa: 5.8E19 n/cm”

Materisl Description Chemicel Constants for PTE

Resctor Vessel Heet Compesition, w/o AT yg-Colculations, F Ingide Surfece Fluence. n/en’ Screening Calculated AT
Beltiine Regior Locetion Numbe r Copper Nigkel iv‘t?e! 0oy Mrale 1 Jen 1986 32 _EFPY  License Expire Criseris 32 EFPY Licenss Expire
Norzie Belt ADB-203 CLe D4 1] 48 8.8EY7 2.7E18 2.1E18 270 m 1M
ppur Shel AKY 233 - 04 77 e 48 4E18 TE19 JE 8 2”n " 89
241 o (i 4 .0 C L] LAEYE JE18 .JES 270 104 104
232 ASA/Linde BD 18 ). 84 4] 56 LBEY? 2.7E19 1618 300 140 138
s 232 - 0.29 .88 58 NA N A N A NA NA NA

217

wmer Shel BC(
lppar Clrcam, W
ljpper Clircum, W
Middie Circum, Weld [100%) 16821 - 24 i a8 2.4E18 JEN8 L3618 300 230
» 18 ( 58 JE18 .5E18 7.3€18 300 97 90

Lower Clroum, Weld (1.0, 2% 232
um, Wald | 0, 88ex) 233 0.29 . 58 NA A N/A A N A NA
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TABLE 4.9. EVALUATION OF REACTOR PRESSURE VESSELS WITH ATYPICAL WELD METAL

Reactor Vessel Inside Surface Fluence. ,n./,s;m‘> e Cdu.lnMN ,!,,,,,
Plant , 3 Beltline Region Location 32 EFPY License Expire 32 EFPY License Expire

Crystal River Middle Circum. Weld (100%) 9.6E18 7.2E18 263 252
Three Mile Island Unit 1 Upper Circum. Weld (100%) 7.5E18 5.3E18 253

Rancho Seco Lower Longit. Weld (I.D. 73%) 8.8E18 6.9t18

-

Intial Value RT v ® 90F

Radfation Inducg%'Sh‘ft = Per Appendix A
Margin for Uncertainties = 48F
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This report is an accurate description of the pressurized thermal shock
evaluations of the Babcock & Wilcox Owners Group reactor pressure vessels
in accordance with 10 CFR 50.61.

A. L. Lowe, Jles
Project Technical

[ /11721(11(11/‘,

N. L. Snidow
Pertormance Analysi

This report has been reviewed and is an accurate
pressurized thermal shock evaluations in accordance with

N
TN
QJ

v. Cz*‘c
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G. F. Malan
Performance Analysis
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1. Introduction

During 1978, B&W initiated work with the B&W Owners Group on a program
for evaluating the material properties of "early vintage"™ 177-fuel assembly
reactor vessel welds. One of the work phases 1in this program
objective of characterizing the chemistry of reactor vessel beltline
welds. Extensive chemical analyses of the archive sources of reactor
vessel welds have been performed as part of this work. Two samples of test
weldments made for the Crystal River 3 reactor vessel surveillance progran
were part of the weld metal archives subjected to chemical analysis
results of these analyses, performed by the Mt. Vernon Works
Assurance Laboratory, 1indicated that one of these samples had atypica
concentrations of nickel and silicon, while the concentrations of the other
elements were in the normal range for MnMoN{i:Linde 80 submerged-arc
weldments. The other sample had the nominal chemistry. The atypical weld
was made with weld wire designated by Heat Number 72105. This heat of weld

wire was used in the fabrication of 12 reactor vessels.

2. Regulatory Position

lo resclve the atypical weld issue, B&W conducted an extensive investigation
of records, metallographic examinations, chemical analyses, and fracture
mechanics tests on both unirradiated and irradiated atypical weld materia

The results of this study are presented in BAN-10144A,

Charpy V-notch tests were performed on both unirradiated and irradiated
material. The irradiated specimens were irradiated in the Crystal River 3
reactor vessel. Dynamic and static fracture toughness tests were conducted

on one inch thick compact tension specimens at room temperature. Although

v

is =209F, the results of the Charpy tests show that 50

the dropweight NI
ft-1bs of energy is absorbed at 150“F, therefore the unirradfated value of
R'N(, is 90%F (150 minus 60). Using R'\L, equal to 90%F, the toughness
properties obtained from the fracture mechanics tests, K, (static) and K,
(dynamic), were found to be conservative (i.e., lie above) to the K., curve
P S
in ASME B&PY Code, Section XI and the Kip Curve in ASME B&PV Code, Section
pectively. ‘ ng an RT,.. of 20™1 the dropweight

NI

fracture mechanics ] 11 . } the data
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material used to obtain the K. and indicates

AN

RTypr value of 90%F is conservative.

|

The effect of irradiation on the mechanical properties of atypical material

have been evaluated, using the test results

obtained from the Crystal Rive
3 surveillance specimens, These
18

specimens were subjected to a fluence

1.7 % 10 n/cm“, This fluence

produced an increase in RT, .. of 35YF.

The NRC staff concluded that the probability that atypical wel

was used in fabricating any of the vessels 1s very low. However, they

concluded that 1n calculating pressure-temperature operating limit

these vessels, the properties of atypical material should be considered.

It was determined, "... that an finitial value of RT f S0F
NDT © i

increase 1in H"”‘, due to 1irradiation should
]

D R
based on the measured value of ) a fluence o 1.1 107"

A d

was a very
conservative value. The

18

the damage prediction slopes in Requlatory Guide ) o

8

Cvaluation of Atypical Weld Mety

Since the NRC staff evaluation of

complieted,
two events have occurred which af any evaluation r neutron
radiation damage response of the atypical weld metal.

revision of Regulatory Guide 1.99 to reflect a better understanding

radiation damage of reactor vessel materials. This warrants a

hange

the original approach of evaluating the atypi

ypical weld

m'td-‘ based or

siope of the damage prediction curves. The same ¢ ic technical
g

ship 1s defined in the revised Requlatory Guide

evaluation of avaflable reactor surveillance

event 1s the testing and evaluation
surveillance capsules containing atyp
the previously reported capsule data,
atypical weld metal

Revision
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[able A-l. Irradiated Atvpical Weld Metal Data

BRIy prad Eluence. n/cm’ Reference

1.17E18 BAW-1679"
6.56E18 bAw~1698'4

7.50E18 BAW~-1899%4

The equation developed for the atypical weld meta! using the data in

Table A-1 and the procedure described in Regulatory Guide 1.99, Draft

kevision 2, Section C.2 1s as follows:

(0.28-0.1010gf)
R (Surface) = 125.8fF' " 0.10%o0g

‘NL)]
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