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2. BACKGCROUND

1

The ability of the reactor pressure vessel to resist ‘racture is the primary
factor in ensuring the safety of the primary system in light water cooled re-
actors. The beltline region ¢f the reactor vessel is the most critical region
of the vessel because it is exposed to neutron irradiation. The general ef-
fects of fast neutron irradiation on the mechanical properties of such low-
alloy ferritic steels as SA508, Class 2 forgings used in the fabrication of
the Oconee 2 reactor vessel are well characterized and documented in the lit-
erature. The low-alloy ferritic steels used in the beltline region of rcactor
vessels exhibit an increase in ultimate and yield strength properties after
irradiation, with 2 corresponding decrease in ductility. The most serious
mechanical property change in reactor pressure vessel steels is the increase
in temperature for the transition from brittle to ductile fracture accompanied

by a reduction in the upper shelf impact strength.

Appendix G to 10 CFR 50, "Fracture Toughness Requirements," specifies minimum
fracture toughness requirements for the ferritic materials of the pressure-
retaining components of the reactor coolant pressure boundary (RCPB) of water-
cooled power reactors and provides specific guidelines for determining the
pressure-temperature limitations on operation cof the RCPB. The toughness and
cperational requirements are specified to provide adequate safety margins dur-
ing any condition of normal operation, including anticipated operational oc-
currences and system hydrostatic tests, to which the pressure boundary may be
subjected over its service lifetime. Althcugh the requirements of Appendix G
to 10 CFR 50 became effective on August 13, 1973, the requirements are appli-
cable to all boiling and pressurized water-cooled nuclear power reactors, in-

cluding those under construction or in operation on the effective date.

Appendix H to 10 CFR 50, "Reactor Vessel Material Surveillance Program Require-
ments," defines the material surveillance program required to monitor changes
in the fracture toughness properties of ferritic materials in the reactor ves-

sel beltline region of water-cooled reactors resulting from exposure to neutron
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gure 3 . Reactor Vessel Cross Section Showing Location of

nsule OCII-A in Crvystal River

N\

|

SURVE | LLANCE / f
CAPSULE HOLODER )/
TUBES

| f .9 e e

" 4 ? o—— oo —— ' Y

- T 3 |RRADIATION
L] | SITE OCONEE

® e e CAPSULE

 em 0c!I-A

—p 'T; —— !

e

SURVE i LLANCE
CAPSULE HOLDER
TUBES

&— SURVEILLANCE
CAPSULE HOLDER TUBE

r~

3-6 Babcock & Wilcox



Babcock & Wilcox

- EE B B G Y™ O I G YR T G G AR T e



Babcock & Wilcox



Babcock & Wilcox



Babcock & Wilcox



Babcock & Wilcox



Babcock & Wilcox



Babcock & Wilcox



' y v i LX)
[ ’ y 4
) i L
»
— A A ' & | - . d 4 > 4

b o dw

r N.A o
NI
Y 15 IxD
. IND
1
Y INC
- 0 = » —
NI
.
¢
.
- Y ——
¢ ' 9
MATER AL SA508 L&
RIENTAY "‘LUN HA
EN «37C18 nvt
HeAT No. AAW-163
A <k
" R - " 5 3 ¢ Ty

EST TeMPERATURE

Babcock & Wilcox



A508
RANSVYERSE
‘l s it

AAWw 63

Babcock & Wilcox



.

-
A 4
i

08,CLZ 1
ONGITUDINALT
EIB nvt

T "

Babcock & Wilcox



MM A

/
/
"
.
>

Bat cock & Wilcox



e

- —
A {¥f
I a—— S
. {§
1
-
L] T-PLO2Z
w LORGITUDINAL
FIR nvt
A= 195«
-
1
el

Babcock & Wilcox



Babcock & Wilcox



Babcock & Wilcox



Babcock & Wilcox



Babcock & Wilcox



Babcock & Wilcox



o~
)
11vM 13SS3A HOLOVIY o
aviuns 0150 7 | w =
™
o od
v 4
‘ 3]
o
Y o
: P
o a
o~ ™ B
: -
- -
o~ ‘.V
r;. (o] » ”
= = - ;
[+ 4 (Ve Tx
o XE
=2 - i
(& < o ‘r“
v ~t
]
11V 13SS3A HO1JViH
1IV44NS JAISNI

(AW 0 | < 3) 3duan|§ arie|ay



) N \
&

o

a

o

n -

x=

>

g 0l RS 1 L 3 1 L ! 1

3 § 15 20 25 30 35 40 ]
o 10 : &3 ) ’ ; -
=



: + >
o o . 4 - i " - | o
4 . £ | ‘ s U - - k\.
o G 3 g § 8 . : : : ?
- ‘ >t v X . s =
o) : 2 - U oy 4 Q
4 " U it N — “ r o)
" ) b i + L 4 Q
- a - 7 . . . t a ¢ - 3 Feol
1 ; - O 3 MO - a
U - - Y ‘ @
Y 3 | F W " T i - : - 1
: - 3 - : M Tk 1 q
| " 1 . 4 :
3
3 >
> o’ J "
* 4



Babcock & Wilcox



I
Babcock & Wilcox



Babcock & Wilcox



Babcock & Wilcox



. s - -~ .o - o ® IA ¢
b - ¢ o - . ot > e o 1 $ -
.. - 5 v : 3 3 - - b (@

Babcock & Wilcox

- 4 U 3 N v - 1 U > L U . 4 . U
'y r .L vq .,» £ ‘ ¥ e «t 4 £ ( | 3 .
, 1 1 b .- b y ¢ v b - ) . : 3 ‘
’ | — -— 4 4 \ - | -
. 1 / ° - 3 :
: e H . o r i ' % Y -



The 1imit curves for Oconee Unit 2 are pased on the predicted values of the
adjusted reference temperatures of all the beltline region materials at the

end of the fifteenth full-power year. This year was selected because it is
estimated that the third surveillance capsule will be withdrawn at the end of
the refueling cycle when the estimated fluence corresponds to appruximatel:

the eighteenth full-power vear. The time difference between the withdrawal

of the second and third surveillance capsules provides enough time to re-estab-
lish the operating pressure and temperature limits for the period of operation

beyond the fifteenth full-power vear.

The unirradiated impact properties were determined for the surveillance belt-
line region materials in accordance with 10 CFR 50, Appendixes G and H., For
the other beltline region and RCPB materials for which the measured properties
are not available, the unirradiated impact properties and residual elements (as
originally established for the beltline region materials) are listed in Table
A-1. The adjustecd reference temperatures are calculated by adding the pre-
dicted radiation-induced ART - and the unirradiated RTN

ND \DT"*
‘RTXDT is calculated using the respective neutron fluence and copper and phos-

The predicted

phorus contents. Figure 8-~1 illustrates the calculated peak neutron {luence

at several locations through the reactor vessel beltline region wall as a func-
tion of exposure time. The supporting information for Figure 8-1 is described
in section 6, The reutron fluence values of Figure 8-~1 are the predicied flu-
ences, which have been demonstrated (section 6) to be conservative. The de-
sign curves of Regulatory Guide 1.99% were used to predict the radiation-
induced .RTNUT values as a function of the material's copper and phosphorus

contents and neutron fluence.

The neutron fluences and adjusted RT values of the belt'ine region materials

NDT
at the end of the fifteenth full-power year are listed in Table 8-1. The neu-
tron fluences and adjusted RTNDT values are given for the 1/4T and 3/4T vessel
wall locations (T = wall thickness). The assumed RTNDT of the closure head
region and the outlet nozzle steel forgings is 60F, in accordance with

BAW=-10046P, "

*Revision 1, January 1976,
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