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3.1.2.2 The secondary side of the steam generator must not belpressurized

_above 200 psig if the temperature of the vessel is below 120°F.

" 3.1.2.3 The pressurizer shall neither exceed a maximum heatup rate of
' 100°F/hr nor a cooldown rate of 200°F/hr. The spray shall not be
used if the temperature difference between the pressurizer and-

the spray fluid is greater than 320°F. -

~3.1.2.4 Figures 3.1-1 and 3.1-2 shall be updated periodically in
accordance with the following criteria and procedures before the
' calculated exposure of the vessel exceeds the exposure for which

the figures apply.

a. At least 60 days before the end of the integrated power

period for which Figures 3.1-1 and 3.1-2 apply, the limit
_lines on the figures shall be updated for a new integrated
power period utilizing methods derived from the ASME Boiler
and Pressure Vessel Code, Section III, Summer 1972 Addenda,
Non-Mandatory Appendix G. These limit lines shall reflect
any changes in predicted vessel neutron fluence over the
integrated power period or changes resulting from the

irradiation specimen measurement program.

b. The results of the examinations of the irradiation
specimens and the updated heatup and cooldown curves shall
be reported to the Commission within 90 days of completion

of the examinations.
Basis

The ability of the large steel pressure vessel that contains the reactor
core and its primary coolant to resist fracture constitutes an important
factor in ensuring safety in the nuclear industry.. The beltline region of
the reactor pressure vessel is the most critical region of the vessel
because it is subjected to neutron bombardment. The overall effects of

fast neutron irradiation on the mechanical properties of low alloy
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_ferriﬁic pressure vessel sﬁeels such as ASTM A302 Grade B parent material
- of the H. B. Robinson Unit No. 2 reactor pressure vessel are well docu-
mented in the literature. Generally, low alloy ferritic materials show an
increase in hardness and othér strength properties and a decrease in
ductility under certain conditions of irradiation. In pressure vessel
material, the most serious mechanical property change is the reduction in
the upper shelf impact strength. Accompanying the decrease in impact
strength is an increase in the temperature for the transition from brittle

to ductile fracture.

A method for guarding against fast fracture in reactor pressure vessels
has been presented in Appendix G, "Protection Against Non—-Ductile
‘Failure," to Section III of the ASME Boiler and Pressure Vessel Code. The
method utilizes fracture mechanics concepts and is based on the reference

nil-ductility temperature, RTNDT‘

RTypr is defined as the greater of: 1) the drop weight nil-ductility
transition temperature (NDTT per ASTM E~208) or 2) the temperature 60°F
less than the 50 ft-1b (and 35 mils lateral expansion) temperature as
determined from Charpy specimens oriented in a direction normal to the

. major working direction of the material. The RTypy of a given material is
used to index that material to a reference stress intensity-factor curve
(Kyg curve) which appears in Appendix G of the ASME Code. The Kjp curve
is a lower bound of dynamic, crack arrest, and static fracture toughness
results obtained from several heats of pressure vessel steel. When a
given material is indexed to the Kig curve, allowable stress intensity
factors can be obtained for this material as a function of temperature.
Allowable operating limits can then be determined utilizing these

allowable stress intensity factors.

The Certified Material Test Reports (CMTRs) for the original steam
generators provided records of Charpy V-notch tests performed at +10°F.
Acceptable Charpy V-notch tests of +10°F indicate RTypp is at or below
this temperature. The steam generator lower assemblies were replaced in

1984 and the material tests results indicate the highest RTyyp is 60°F or
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below. The ASME code recommends that hydrostatic tests be performed at a
temperature not lower than RTg,. plus 60F°, thus the pressurizing
temperature for the steam generator shell is established at 120°F to

provide pfotection against nonductile failure at the test pressure.

The value of RTypT? and in turn the operating limits of nuclear power
plaﬁts, can be adjustéd to account for the effects of radiation on the
reactor vessel material properties. The radiation embrittlement or
changes in mechanical properties of a given reactor pressure vessel still
can be monitored by a surveillance program such as the Carolina Power &
Light Company, H. B. Robinson Unit No. 2 Reactor Vessel Radiation

(1)

Surveillance Program
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