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B.  HEATUP AND COOLDOWN

Specifications

1.

The reactor coolant temperature and pressure and‘system.heatup and
cooldown rates averaged over one hour (with the exception of the
pressurizer) shall be limited in accordance with Figure 3.1.B-1 and
Figure 3.1.B-2 for the service period up to 21.63 effective full-power

years*. The heatup or cooldown rate shall not exceed 100°F/hr.

a. Allowable combinations of pressure and temperature for specific
temperature change rates are below and to the right of the limit
lines shown. Limit lines for cooldown rates between those present

may be obtained by interpolation.

b. Figure 3.1.B-1 and Figure 3.1.B-2 define limits to assure prevention
of non-ductile failure only. For normal operation, other inherent
plant characteristics, e.g., pump heat addition and pressurizer
heater capacity, may-limit the heatup and cooldown rates that can be

achieved over certain pressure-temperature ranges.

The limit lines shown in Figure 3.1.B-1 and Figure 3.1.B-2 shall be
recalculated periodically using methods discussed in WCAP-7924A and
WCAP-12796 and results of surveillance specimen testing as covered in
wcap-7323¢7) and as specified in Specification 3.1.B.3 below. The order
of specimen removal may be modified based on the results of testing of
previously removed specimens. The NRC will be notified in writing as to
any deviations from the recommended removal schedule no later than six

months prior to scheduled specimen removal.
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The reactor vessel surveillance program includes six specimen capsules

to evaluate radiation damage based on pre-irradiation and

* Curves

have been approved but administratively limited by the NRC to 16 EFPY for

up to 60°F/hr. and 12 EFPY for up to 100°F/hr. pending acceptance of the use of the

Raju-Newman method in the generation of heatup and cooldown curves.
** Refer to UFSAR Section 4.5, WCAP-7323, and Indian Point Unit No. 2, "Application

for Amendment to Operating License," sworn to on February 3, 1981.
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* 0.98 x 10

The reactor vessel plate opposite the core has been purchased to a specified Charpy
V-notch test result of 30 ft-1b or greater at a Nil-Ductility Transition
Temperature (NDIT) of 40°F or less. The material has been tested to verify
conformity to specified requirements and a NDTT value of 20°F has been determined.
In addition, this plate has been 100 percent volumetrically inspected by ultrasonic
test using both longitudinal and shear wave methods. The remaining material in the
reactor vessel, and other Reactor Coolant System components, meet the appropriate

(3)

design code requirements and specific component function

As a result of fast neutron irradiation in the region of the core, there will be an
increase in the Reference Nil-Ductility Transition Temperature (RTNDT) with nuclear
operation. The techniques used to measure and predict the integrated fast neutron
(E > 1 Mev) fluxes at the sample location are described in Appendix 4A of the
UFSAR. The calculation method used to obtain the maximum neutron (E > 1 Mev)
exposure of the reactor vessel is identical to that described for the irradiation

samples.

Since the neutron spectra at the samples and vessel inside radius are identical, .
the measured transition shift for a sample can be applied with confidence to the
adjacent section of reactor vessel for some later stage in plant life. The maximum
exposure of the vessel will be obtained from the measured sample exposure by

appropriate application of the calculated azimuthal neutron flux variation.

The current heatup and cooldown curves are based upon a maximum fluence of

19 n/cm2 at the inner reactor vessel surface (45° angle, vessel belt
line). This fluence is based upon plant operaton for a nominal period of 21.63
EFPYs* (Operation up to Cycle 9 for 9.63 EFPYs at 2758 MWt power level and beyond
Cycle 9 for 12 EFPYs at 3071.4 MWt power level anc¢ T average of 579.7°F). Any
changes in the operating conditions could result in an extension of the allowable
EFPYs, since the fluence (or &RT due to irradiation) is the controlling factor

NDT
in the generation of these curves.

* See first footnote on page 3.1.B-1.

Amendment No. 3.1.B-3




The actual shift in RTNDT will be established periodically during plant operation

by testing vessel material samples which are irradiated cumulatively by securing

“~ .«

them near the inside wall of the vessel in the core area. These samples are

5(6)

evaluated according to ASTM E18 To compensate for any increase in the RT

caused by irradiation, the limits on the pressure-temperature relationship areNDT
periodically changed to stay within the stress limits during heatup and cooldown,
in accordance with the requirements of the ASME Boiler and Pressure Vessel Code,
1974 Edition, Section III, Appendix G, and the calculation methods described in

wcap-79244%) and wcap-1279.

The first reactor vessel material surveillance capsule was removed during the 1976
refueling outage. That capsule was tested by Southwest Research Institute (SWRI)
and the results were evaluated and reported(s’g). The second surveillance capsule
was removed during the 1978 refueling outage. That capsule has been tested by SWRI
and the results have been evaluated and reported(lo). The third vessel material
surveillance capsule was removed during the 1982 refueling outage. This capsule
has been tested by SWRI and the resulté have been evaluated and reported(ll). The:
fourth surveillance capsule was removed during the 1987 refueling outage. This
capsule has been tested by SWRI and the results have been evaluated and

a{12),

reporte Heatup and cooldown curves (Figures 3.1.B-1 and 3.1.B-2) were =~ - -~

developed by Westinghouse(13).

NDT 9 n/cmz, (nominal 21.63 EFPYs
*
of operation) is projected to be 155.5°F at the 1/4 T and 105°F at the 3/4 T

vessel wall locations, per Plate B2002-3 the controlling plate. The initial value

The maximum shift in RT at a fluence of 0.98 X 101

of RTNDT for this plate of the IP2 reactor vessel was 21°F. The heatup and:
cooldown curves have been computed on the basis of the RTNDT of Plate B2002-3
because it is anticipated that the RTNDT of the reactor vessel beltline material
will be highest for Plate B2002-3, at least for the above fluence(lz).

Heatup and Cooldown Curveé

Allowable pressure-temperature relationships for various heatup and cooldown rates
are calculated using methods derived from Non-Mandatory Appendix G in Section III
1974 Edition of the ASME Boiler and Pressure Vessel Code and are discussed in
detail in WcAP-7924A*) and vcaP-12796.

* See first footnote on page 3.1.B-1.
Amendment No. 3.1.B-4




For repairs on components, the thorough non-destructive testing gives a very high
degree of confidence in the integrity of the system, and will detect any
significant defects in and near the new welds. In all cases, the leak test will

assure leak-tightness during normal operation.

The inservice leak temperatures are shown on Figure 4.3-1. The temperatures are
calculated in accordance with ASME Code Section IIT, 1974 Edition, Appendix G.
This code requires that a safety factor of 1.5 times the stress intensity factor

caused by pressure be applied to the calculation.

For the first 21.63 effective full-power years, it is predicted that the highest
RTNDT in the core region taken at the 1/4 thickness will be 194°F. The minimum
inservice leak test temperature requirements for periods up to 21.63 effective

full-power years* are shown on Figure 4.3-1.

The heatup limits specified on the heatup curve, Figure 4.3-1, must not be exceeded
while the reactor coolant is being heated to the inservice leak test temperature. .
For cooldown from the leak test temperature, the limitations of Figure 3.1.B-2 must
not be exceeded. Figures 4.3-1 and 3.1.B-2 are recalculated periodically, using
methods discussed in WCAP-7924A and WCAP-12796 and results of sufveillancevspecimeﬁ
testing, as covered in WCAP-7323.

The current heatup and cooldown curves are based upon a maximum fluence of
0.98 x 10'° n/en’
line). This fluence is based upon plant operaton for a nominal period of 21.63
EFPYS* (Operation up to Cycle 9 for 9.63 EFPYs at 2758 MWt power level and beyond
Cycle 9 for 12 EFPYs at 3071.4 MWt power level and T average of 579.7°F). Any

n/cm at the inner reactor vessel surface (45° angle, vessel belt

changes in the operating conditions could result in an extension of the allowable
EFPYs, since the fluence (or ARTNDT due to irradiation) is the controlling factor
in the generation of these curves.

Reference
UFSAR Section 4

* Curves have been approved but administratively limited by the NRC to 16 EFPY for
up to 60°F/hr. and 12 EFPY for up to 100°F/hr. pending acceptance of the use of the

Raju-Newman method in the generation of heatup and cooldown curves.

Amendment No. _ 4,3-2




