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ti naterials -7 The relationship between increase in RTypr and P~
er ntent i t def i mpletely. r e, gulatory iide 1.99,
rigina issued ir 1l )75, and revised \pril 1977 71, pr in
1d justment ¢t I'\nD T roportional t juare root f the neutron flue )
vestinghouse Electri orporation, in their ) ts on the 1975 iss ) 1
egulatory jide 1.99 [8], believed that the proposed relationship over-
: )
3 L maces the LIt it jences greate caan bed X & = na inaeres imaces
th ift at luences less than 1. X n the other hand, Combustion
ngineering, i their mments on the 17 issue of Regul ry Guide
.99 s, iggested that the roposed relationship is rl nservative
r ' i? nmorvrear > ~ 3 1 ‘ 7 r v 3 -
3 ] E =4 - it ) § W+ o | 4 | : A ey . el AD 14 AdD
Igreemer ncerning the prediction of C,, upper shelf response to osure
t jeutron irradiation [7-9]. After reviewing the mments avaluating
1al irveillance or am data, the N issued a revisi Lo gu=-
itor ich raised the r limit f the transition tempera-
X irve., ugh Regulatorvy 1ide 1.99 is currently being re 1 t
f t 4 mot r nt evaluation of neutron embrittlement data by the
ecald i pertil 5 un Rk i s il EN1lsSs rep rt estimaces i N1ItCS LIl
In general, ! nl ferriti ressure boundary rials in a
iuclear nt w \re xpected ¢t receive a fluence sufficient to af-
f TypT are ¢ ;@ materials whi ire | ted in the re eltline re-
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TABLE VI

CHARPY V-NOTCH IMPACT PROPERTIES OF SURVEILLANCE MATERIALS
BASE METAL - PILGRIM 1

Specimen Temp.
No. (°F)
Y3P -50
Y2E 0
Y2B 25
Y3K 40
YU 50
Y35 60
Y2J 60
Y14 75
Y1P 110
Y15 150
Y16 210
Y1C 300

Energy
(fe-1b)

6.0
14.5
17.0

30.0

90.0
112.5
118.0

122.0

"
[

Lateral Exp.
(mils)

Fracture App.
(% shear)

6
15
18
29
37

47

89

96

ail
5
10

10

20
20
25
60
100
100

100


















TABLE 1X

EFFECT OF IRRADIATION ON VESSEL SURVEILLANCE MATERIALS

PILGRIM 1

Base
_CriterlOl(l) ﬂetal(z)

Transition Temperature Shift

@ 50 fc-1b 25°F
@ 30 fr-1b 25°F
@ 35 mil 25°F

ARTNpT 25°F

Cy Upper Shelf Drop 13 ft-ib
(10%)

(1) Refer to Figures 2-4.
(2) Longitudinal orientation:

_Metal

Weld HAZ
Material

55°F nil
55°F nil
55°F nil

55°F nil

21 fe-1b 1 -fc~1h
(18%) (9%)

Use 77 ft-1b shift to estimate 50 ft-1b shift for transverse orientation.
Use 46 ft-1b shift to estimate 30 ft-1b shift for transverse orientation.
Use 54 mil shift to estimate 35 mil shift for transverse orientaction.
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V. ANALYSIS OF RESULTS

The analysis of data obtained from surveillance program specimens
has the following goals.

(1) Estimate the period of time over which the properties of
the vessel beltline materials will meet the fracture toughness require-
ments of Appendix G of 10CFR50. This requires a projection of the mea-
sured reduction in C,, upper shelf energy to the vessel wall using knowl-
edge of the energy and spatial distribution of the neutron flux and the
dependence of C,, upper shelf energy on the neutron fluence.

(2) Determine the adjustment of the pressure vessel RTypT as a
function of plant operations. This requires a projection of the mea-
sured shift in RTypy to the vessel wall using knowledge of the depen-
dence of the shift in RTypr on the neutron fluence and the energy and
spatial distribution of the neutron flux.

The energy and spatial distribution of the neutron flux for Pilgrim 1
was calculated with a discrete ovdinates trausport code. This analysis
predicted that the lead factor (ratio of fast flux at the capsule basket
location to the maximum pressure vessel flux) was 0.89. This analysis
also predicted that the fast flux at the 1/4T and 3/4T positions in the
5.65-in. pressure vessel wall would be 67% and 23%, respectively, of that
at the vessel I.D. The vessel wall fluence as a function of plant opera-
tion is shown in Figure 5.

A. RTyDT Projections

A method for estimating the increase in RTypr as a function of neu-

tron fluence and chemistry is given in Regulatory Guide 1.99, Revision 1 [7].
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TABLE 4. CHARPY V-NOTCH IMPACT RESULTS FOR PILGRIM HAZ METAL

Test Impact Lateral Fracture
Specimen Temperature, Energy, Expansion, Appearance,
[dentification F ft-1b mils Percent Shear
YA/ -200 4.5 3.8 0
Y7/P -165 21.5 16.0 5
Y7/A -135 13.0 10.8 1
¥Y8/1 -100 13.0 12.4 5
Y7/U -50 37.5 30.0 15
YA/3 -40 £8.6 53.4 35
YA/P -35 74.5 58.4 45
YA/T 0 68.0 60.4 7
¥Y7/2 38 87.5 84.0 85
YB/2 50 135.7 79.4 100
YB/6 81 107.9 77.2 30
Y7/7 150 99.9 84.82 100
YB/E 300 112.0 87.8 100




IABLE 6 TENSILE TEST RESULTS FOR PILGRIM UNIRRADIATE D BASELINE SPECIMENS

0.2 Percent
Offset Ultimate
Speci fest Yield fensile Fracture Reduction Elongation, %
men lemp, Strength, Strength, Load, Strength, Stress, in Area, Uni

Material Number I ksi ksi b ksi ksi percent form fotal

Base YC-5 12 64.5 86.4 2800 9. 185 69.90
Base YC-6 . 57.17 82.8 2925 106 65.00
Weld ¢ 68.8 78.4 2450 178 72 .02
Weld : 54.6 /8.3 2725 54, 148 63.04

HAZ ( 61.7 2475 178 12.17

HAZ o 57.2 2410 136
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Te.t NO. T'

Spec. No. %lé -L

Temperature _72 ‘F

TENSILE TEST

Est. U.T.8.

Southwest Research Inltitut
Department of Materials Sciences

DATA SHEET

psi Project No. 0Z -5% 5 00

Initial G. L. /012 in. Machine No. 22 /<‘r3

Strain Rate .00 S "l/d/m Initial Thickness
Al

Initial Dia. _, 25D in.  Date 2@ Kuc /6JO
in. Initial Area .0 4.G)),°%
in.

Initial Width
Top Temperature s 3
Bottom Temperature °F
Final Gage Length |, 2S4% in.
Final Diameter 138 in.

e
Final Area .W °"£ in. 2

g/

Maximum Load LL&ZO 1b

0.2% Offset Load §¢4® 1b
0.02% Offset Load 1b

Upper Yield Point 1b

Maximuam Load

Initial Area

0.2% Offset Load

» ,Eg.é!fé? pai s,

20, |
Initial Area . —ﬁ pai-Ks,

0. 02% Offset Load

Initial Area

Upper Yield Point

Upper Y.S.

7% Elongation =

Initial Area

psi

psi

" _ L i
Final G. L. Imtza.lG.L.xloo___ 238 %,

Initial G. L.

itial Area - Final Area

% R.A. =

p—

sumanre Do Choe

Initial Area

N
x 100 = /05.5' A
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Southwest Research Institute
Department of Matéilals Sciences

TIONCTT & T

TENSILE TEST DATA SHEET

-t s

Project

' '
\/

Machine

Dia. 2 <0

Thickness

e

Width L

e — s e s

Maximum Load 4408 1b

0.2% Offset Load 252~ 1b

0.02% Offset Load

Upper Yield Point

Upper Yield Poiut
Initial Area

o

» Elongation










Southwest Research Institute
of Materials Sciences

TINCTT I TCT AT ~
o ANALE LA .J/\A.‘A; J("{

e

et st o

lnitial

’ 1
initial

Initial

4 — ”
Maximum Load &S LR

A -~ v g - -~
0.2% Offset Load 244§ (,
——e

miaal ™
Final liameter

Maximum Load

Initial Area

.

~
Initial
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A AVAMLE LEOL VALL

Project No. 2.8 S/ ~00/

Machine No.

B B
Maximum Load 44 &

0.2% COffset Load 23 O

0.02% Offset Load

Load

4
Adiatid A
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Project No.C

Machine No. 22K ,»

Date 20 Nug /920

Initial Area , 4G

Maximum Load 24004

2% Offset Load Z"N 4 4«

Trmatanl
—_ b badd A

- " 7 a #4 an
saOngation

v 1

B E Aran
Jnitlal ATea
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Southwest Research Institute.
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Department of Materials Sciences
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'roject No. 02-8<S/

Machine No.

Yon 4 &4
Jnitial

Tadtdial
Jnitial

Initial

Maximum Load

0.2% Offset

0.02% Offset Load

Final Diam in UPt Yield Poin

Final Area

Tone bn n
dbisaaa d










