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3.1.2 Heatup and Cooldown

3.1.2.1 The reactor coolant pressure and the system heatup and cooldown
rates (with the exception of the pressurizer) shall be limited in

accordance with Figure 3.1-1 and Figure 3.1-2, and are as follows:

a. Over the temperature range from cold shutdown to hot operating
conditions, the heatup rate shall not exceed 60°F/hr. in any

one hour.

b. Allowable combinations of pressure and temperature for a
specific cooldown rate are below and to the right of the limit
lines for that rate as shown on Figure 3.1-2., This rate shall
not exceed 100°F/hr. in any one hour. The limit lines for
cooling rates between tEPse shown in Figure 3.1-2 may be

obtained by interpolation.

c. Primary system hydrostatic leak tests may be performed as
necessary, provided the temperature limitation as noted on
Figure 3.1-1 is not violated. Maximum hydrostatic test

pressure should remain below 2350 psia.

d. The overpressure protection system shall be operablé whenever
the RCS temperature is below 350°F and not vented to the
containment. One PORV may be inoperable for seven days. If

; the inoperable PORV has not been returned to service within 7

days, or if at any time both PORVs become inoperable, then one

of the following actions should be completed within 12 hours:
1. Cooldown and depressutiie the RCS or

2. Heatup the RCS to above 350°F.

e. Operation of the overpressure protection system to relieve a
pressure transient must be reported as required in

Section 6.9.3.
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3.1.2.2

3.1.2.3

3.1'2.4

Basis

The secondary side of the steam generator must not be pressurized

above 200 psig if the temperature of the vessel is below 70°F.

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.

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 update& for a new integrated power period
utilizing methods derived from the ASME Boiler and Pressure
Vessel Code, Section III, Appendix G and in accordance with
applicable appendices of 10 CFR 50. 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.

The ability of the large steel pressure vessel that contains the reactor core

and its primary coolant to resist fracture constitutes an important factcr 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 ferritic pressure vessel
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steels such as ASTM A302 Grade B parent material of the H. B. Robinson Unit
No. 2 reactor pressure vessel are well documented in the literature.
Generally, low alloy ferritic materials show an increase in hardness and other
strength properties and a decrease in ductility and impact toughness under
certain conditions of irradiation. Accompanying a‘ 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: l)_the drop weight nil-ductility
transition temperature (NDIT per ASTM E;ZOB) or 2) the temperature 60°F less
than the 50 ft-1b (and 35 mils lateral expansion) temperature as determined
from Charpy speéimens oriented in a direction normal to the major working
direction of the material. The RTypp of a given material is used to index
that material to a reference stress intensity factor curve (KIR curve) which
appears in Appendix G of the ASME Code. The KIR curve is a lower bound of
&ynamic, crack arrest, and static fracture toughness results obtained from
sevefal heats of pressure vessel steel. When a given material is indexed to
the KIR 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 value of RTNDT’ and in turnbthe operating limits of .nuclear power plants,
can be adjusted to account for the effects of radiation on the reactor vessel
material properties. The radiation embrittlément 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 Surveillance Program(l) where a
surveillance capsule is periodically removed from the operating nuclear
reactor and the encapsulated specimens tested; These data are compared to

data from pertinent radiation effects studies and an increase in the Charpy
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V-notch 30 ft-1b temperature (A RTNDT) due to irradiation is added to the
original RTNDT to adjust the RTNDT for radiation embrittlement. This adjusted
RTNDT (RTNDT initial + RTNDT) is ut;lized to index the material to the Kip
curve and in turn to set operating limits for the nuclear power plant which
take into account the effects of irradiation on the reactor vessel
materials. Allowable pressure-temperature relatiohships for various heatup
and cooldown rates are caiculated using methods (2) derived from Appendix G to
Section III of the ASME Boiler and Pressure Vessel Code. ‘The approach
specifies that the allowable total stress intensity factor (KI) at any time
during heatup or cooldown cannot be greater than thaﬁ shown on the Kig curve
in Appendix G for the metal temperature at that time. Furthermore, the
approach applies an explicit safety factor of 2.0 on the stress intensity

factor induced by pressure gradients.

Following the generation of pressure—tgyperature curves for both the steady
state and finite heatup rate situations, the final limit curves are produced
in the following fashion. First, a composite curve is constructed based on a
point-by-point comparison of the steady state and finite heatup rate data. At
any given temperture; the allowable pressure is taken to be the lesser of the
two values taken from the curves under consideration. The composite curve is
then adjusted to allow for possible errofs in the pressure and temperature

sensing instruments.

The use of the composite curve is mandatory in setting heatup limitations
because it is possible for conditions to exist such that over the course of
the heatup ramp the controlling analysis switches from the 0.D. to the I.D.
location; and the preésure limit must, at all times, be based on the most
conservative case. The cooldown analysis proceeds in the same fashion as that
for heatup, with the exception that the controlling location 1s always at the
I.D. position. The thermal gradients induced during cooldown tend to produce
tensile stresses at the I.D. location and compressive stresses at the 0.D.

position. Thus, the I.D. flaw is clearly the worst case.

As in the case of heatup, allowable pressure temperature relations are
generated for both steady state and finite cooldown rate situations.

Composite limit curves are then constructed for each cooldown rate of
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interest. Again adjustments are made to account for pressure and temperature

instrumentation error.

The overpressure protection system consists of two operable pressurizer Power
Operated Relief Valves (PORVs) connected to the station instrument air system,

a backup nitrogen supply, and the associated electronics.
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