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A. B. Holt, Chief - AUG 1 1966
Technical Assistance Branch, SS '
S. Pawlicki
Technical Assistance Branch, SS
INDIAN POINT NO. 2 ~ REACTOR VESSEL EMBRITTLEMENT
This memorandum reviews the "First Supplement to Preliminary Safety
Analysis Report” (Ref. 1) for the Conaclidated Edison's Indian Point
Unit No., 2, with reference to maximum fast neutron exposure of the
pressure vessel and the corresponding shift in the NDT temperature.
According to my calculations, the reported time-integrated fast
(>1Mev) necutron exposure of the vessel of 0.85 x 1019n/cn? seems
realistic, considering core size, power density and the inner diameter
of the reactor vessel. Attached to this memorandum is a copy of
Westinghouse reference design curves for the prediction of NDT tempera-
ture shift, a list of references for the data points, and a fracture
analysis diagram used by the applicant to estimate the embrittlement
safety margin.
The pertinent Indian Point No. 2 plant design parameters are as follows:

1. Core thermal power 2758 MW

2. Plant design life 40 years

3. Load factor 8.8

4, Active core height 12 fe.

5. Effective core diameter 113.7 in.

6. Pressure vessel I.D. 173.0 in.

7. Coolant inlet temperature 543°F
Using these parameteré, I calculated the average power density to be

19

83§2§E, and the integrated neutron exposure of the vessel of gbout 1 x 10
n/c8é. This agrees well with the reported value of 0.85 x 1012, obtained
using a corrected PIMG, one-dimensional 55 group diffusion code. - The
correction factors applied to the PIMG included the following:
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1. Axial gaa&iﬁg factor oF 1.5

2, Comngy offeqt Jastoy of 1.25, whish acesuunts for thae
irreguled shape ¢f the core {(asimuthal flux veristion).

3, Spatial correctien factor of 2.7, obtalned by qemparisen of
PAMG venults with exporimantsl fast weutron daty in all
water mediun,

the spplicont expecte the setual vessel eypasure to ba lower by a faeter
of 1.7, due sainly to Che conservaiiswm dn the sssuwed spatiel eorrection
factoy, and the sssumption thet sll covrrsction factoys oceur 4t & glven
location on the veactor vessel for the cutive 14fe of the plank, 1
conedder the esigulstions to be felrly veslistdic, snd would asaisn ﬁ“@‘zg
sﬁan%axé + %04 sesurscy to the ealeulated nominal exposure of §.83 x 107
niew .

The shift fu the NDY cowporature st the immer surfzee of the veseel wall, due
£e fasf nouiron exposure, was aevimeted as 16D°F using the 550°F cuvve
{steuckad), To agcount for che waristion of ¥DY temperstuve acrass plate
ghickness, the applicant eseused (west Yikely bused on Vankes sausurements)
that the initiel BDY tasperaturs at plabs ceater mey be up to 83°F higies
then that ab gQuertsy thickwess, Howaver, while the depact sroparties

sre lowsnt at plafs dentey, the trangition temparsture shifr there ves
ealeulated to be only B5°F., Cuorve A in the attached Fractuvm Analysis
Diagren raprescnls the dnigdal POT towporatare ot plate contay, end eurve

4 the correspoading shife of §3%F,

The Fracture saslyeis diogeem, wead by the applicant to eotiwste his
pafety wergin with vespect o woultvon ewbylttlonent of the reacter vessel,
wag obtgiued fram the ¥BL Repovt 5920 (Bef. 1), Using this diagram, and
apsuming o togel HLT shife of 170°F (85° dus vo roducsd fepaot properties
uf plate canter and B5°F dus e dvradiazdon), the applicest found a

navgin of well aver ZO®Y betvess liwiting plent opsracing cosditiens
{tuyve §) and the neavest polst om the Crvach Avrest Cuyve, sdiuested for
the BUT tempevature ashift {Curve B). 1t seens mignificant that the avail-
shle safely margin was estimnted wsing the OAT curve, vather thea the

288 pield streun point at the (M7 + 60) eeporeturs,

cec  Porrest Woetern, Div., 65
Js I, DABunne, Auwst, Diw,, 88

S
OFFICE p SS:TAB /%

SPawlicki:amp
SURNAME » . : » , 2
" . K
DATE p ____?_/29/66
Form é{Eg-:?»l&%Rev. 9-53) U. S. GOVERNMENT PRINTING OFFICE  16—62761-8 ° _"“\

4




R ’ T
o % % o
Reflerences

1, Cunsolidated Edisen Co. of New York, Inc., Tndian Point Huclear
Generdting Unit ¥o. 2, "Fivst Supploment to Prelimingory Sefety
Analysis Report," Maroh 1966,
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IR . References for ‘
RADIATION INDUCED INCREASE IN TRANSITION

o0 : TEMPERATURE FOR A302B STEEL

Neutron
Temp. ‘ Exposure NDT
References Material °F n/em” (> 1 Mev) °F
1. NRL Report 6160  SA302B 450 ‘ 5 x 10%8 140
Page 12
2. NRL Report 6160  SA302B 550 s x 108 - 65
Page 12 :
3. NRL Report 6160  SA302B 490 1.4 x 10%° 200
Page 13
4. ASTM-STP 341 SA302B 550 6 x 1017 30wk
Page 226
S.  ASTM-STP 341  SA302B o ss0 6 x 10%7 45
Page 226
6.  ASTM-STP 341 SA302B 550 8 x 1018  gokk
Page 226 ‘ :
7. ASTM-STP 341 SA3028 550 | 8 x 1018 .. 100
Page 226 ‘ ‘
§ 8.  ASTM-STP 341 SA302B 550 1.5 x 10%° - 130%*
‘ Page 226
9. ASTM~STP 341 SA302B 550 1.5 x 1019 | 140
Page 226 '
10. NRL Report 6160 All Steels . <450 Various Various
Page 6
11. Nuclear Science  SA302B ‘ <450 ’ Various Various
s & Engineering - ‘ ‘ : :
19:18-38 (1964)
12.  Quarterly Report SA302B . 550 3 x10%? 120
of Progress, ‘ : : :
"Irradiation
Effects on Reactor
: Structural Materials"
‘ 11-1-64/1-31-64
13, Quarterly Report SA302B 550 3 x 1019 - s 135
of Progress, : i . o
"Irradiation : : ' . e o

Effects on Reactor
Structural Materials"
~11-1-64/1-31-64
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15.

16.

17.

18.

19,

20.

21.

22,

23.

24,

References (Continued)

References Material

Quarterly Report SA302B

of Progress, '

"Irradiation

Effects on Reactor’

Structural Materials"
11-1-64/1-31-64

Quarterly Report SA302B

of Progress,

"Irradiation

Effects on Reactor

Structural Materials"
11-1-64/1-31-64

Quarterly Report SA302B

of Progress,

"Irradiation

Effects on Reactor

Structural Materials"
11-1-64/1-31-64

NRL Report 6179  SA302B
Page 9

NRL Report 6179  SA302B
Page 9

NRL Report 6179  SA302B
Page 9

NRL Report 6179  SA302B
Page 9

NRL Report 6160  SA302B
Page 15

NRL Report 6160  SA302B
Page 15

Private Communi- SA302B
cation with NRL

Progress Report - SA302B
No. 1, :
"Irradiation

Tests on Reactor
Pressure Vessel

Steels in Br-3 Re-

actor Facilities"
August, 1965

Temp.
i

550

550

550

475540
475-540
475-540
475-540
540%
540%
550

=525

Neutron
Exposure
n/cm” (> 1 Mev)

5.4 x 10

3 x 1020 =

19

19

19
19
19
19
19
19
3.8 x 10%°

18

E.L.

_NDT
°F

140

170

205

225

260

310
320
200

165

160

54
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26.

27.

References (Continued)

References Material

Progress Report SA302B
No. 1,

"Irradiation

Tests on Reactor
Pressure Vessel

Steels in Br-3 Re-

actor Facilities"
August, 1965

" SA302B

" SA302B

Temp.
°F

=525

=600

=600

Neutron
Exposure
n/cm” (> 1 Mev)

1.2 x 1047

9.5 x 1017

2 x 1020

E.L.

NDT
°F

96

260

360



