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B. HEATUP AND COOLDOWN 

Specifications 

1 The reactor coolant temperature and pressure and system heatup and cooldown 
rates (with the exception of the pressurizer) averaged over one hour shall be 
limited in accordance with Figure 3.1.B3-1 and Figure 3.1.13-2 for the service 
period up to 21.63 effective full-power years. The heatup or cooldown rate shall 
not exceed 10OF/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 3.1.13-1 and Figure 3.1.13-2 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 press ure-tem peratu re ranges.  

2. The limit lines shown in Figure 3.1.13-11 and Figure 3.1.13-2 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 3.1.13.3 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.  

3. The reactor vessel surveillance program* includes six specimen capsules to 
evaluate radiation damage based on pre-irradiation and post-irradiation tensile 
and Charpy V notch (wedge open loading) testing of specimens.  

* 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.

Amendment No. 31.-3.11.13-1



The specimens will be removed and examined at the following intervals: 

Capsule 1 End of Cycle 1 operation 
Capsule 2 End of Cycle 2 operation 
Capsule 3 End of Cycle 5 operation 
Capsule 4 End of Cycle 8 operation 
Capsule 5 End of Cycle 16 operation 
Capsule 6 Spare 

4. The secondary side of the steam generator shall not be pressurized above 200 
psig if the temperature of the steam generator is below 700F.  

5. The pressurizer heatup and cooldown rates averaged over one hour shall not 

exceed I OO0F/hr and 200*F/hr, respectively. The spray shall not be used if the 
temperature difference between the pressurizer and the spray fluid is greater 
than 3200F.  

6. Reactor Coolant System integrity tests shall be performed in accordance with 

Section 4.3 of the Technical Specifications.  

Basis 

Fracture Toughness Properties 

All components in the Reactor Coolant System are designed to withstand the effects of the 
cyclic loads due to reactor system temperature and pressure changes0'). These cyclic loads are 
introduced by normal unit load transients, reactor trips, and startup and shutdown operation.  
The number of thermal and loading cycles used for design purposes are shown in Table 4.1-8 

of the UFSAR. During unit startup and shutdown, the rates of temperature and pressure 
changes are limited. The maximum plant heatup and cooldown rate of 100OF per hour is 
consistent with the design number of cycles and satisfies stress limits for cyclic operation2 .  

The reactor vessel plate opposite the core has been purchased to a specified Charpy V-notch 

test result of 30 ft-lb or greater at a Nil-Ductility Transition Temperature (NDTT) of 40OF or less.  
The material has been tested to verify conformity to specified requirements and a NDTT value 

of 20OF has been determined. In addition, this plate has been 100 percent volumetrically
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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 design code requirements and specific component function3 .  

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 0.98 x 1019 
n/cm2 at the inner reactor vessel surface (450 angle, vessel belt line). This fluence is based 
upon plant operation 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 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.  

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 evaluated according to ASTM E185 6 ). To 
compensate for any increase in the RTNDT caused by irradiation, the limits on the 
press ure-tem peratu re relationship are 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, 1995 Edition as amended in 1996 (A96), Section XI, Appendix G, and 
the calculation methods described in WCAP-7924A 4 ) and WCAP-1279601 3) and MSE-REME

07 (14).  

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 89). 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 100). The third vessel material surveillance capsule was removed during the 1982
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refueling outage. This capsule has been tested by SWRI and the results have been evaluated 

and reported")1 . 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 .reported 12 ) . Heatup and cooldown curves (Figures 3.1 .B-1 and 3.1 .B-2) were developed by 
Westing house( 3 ). These curves are essentially identical to those obtained using the new 

Appendix G methodS 14).  

The maximum shift in RTNDT at a fluence of 0.98 X 1019 n/cm2, (nominal 21.63 EFPYs of 
operation) is projected to be 155.50F at the 1/4 T and 1050F at the 3/4 T vessel wall locations, 

per Plate B2002-3 the controlling plate. The initial value of RTNDT for this plate of the IP2 

reactor vessel was 21 OF. 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 fluence1~ 

Heatup and Cooldown Curves 

Allowable pressure-temperature relationships for various heatup and cooldown rates are 
calculated using methods derived from Non-Mandatory Appendix G in Section XI 1995 Edition 
as amended in 1996 (A96), of the ASME Boiler and Pressure Vessel Code and are discussed 

in detail in WCAP-7924A(4 ) and WCAP-12796(13 ) and MSE-REME-076 14 .  . The approach specifies that the allowable total-stress intensity factor (K,), at any time during 
heatup or cooldown, cannot be greater than that shown on the KIR curve 5 ) for the metal 

temperature at that time. Furthermore, the approach applies an explicit safety factor of 2.0 on 
the stress intensity f actor induced by pressure gradients. Thus, the governing equation for the 
heatup-cooldown analysis is: 

2 Kim + Kit : KIR (1) 

where: 

Kim is the stress intensity factor caused by membrane (pressure) stress, 

Kit is the stress intensity factor caused by the thermal gradients, 

KIR is provided by the code as a function of temperature relative to the RTNDT of the 
material.  

S During the heatup analysis, Equation (1) is evaluated for two distinct situations.
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First, allowable pressure-temperature relationships are developed for steady state (i.e., zero 
rate of change of temperature) conditions assuming the presence of the code reference 1/4 T 
dIeep flaw at the ID of the pressure vessel. Due to the fact that, during heatup, the thermal 
gradients in the vessel wall tend to produce compressive stresses at the 1/4 T location, the 
tensile stresses induced by internal pressure are somewhat alleviated. Thus, a 
press ure-tem peratu re curve based on steady state condition (i.e., no thermal stresses) 
represents a lower bound of all similar curves for finite heatup rates when the 1/4 T location is 
treated as the governing factor.  

The second portion of the heatup analysis concerns the calculation of pressure-temperature 
limitations for the case in which the 3/4 T location becomes the controlling factor. Unlike the 
situation at the 1/4 T location, at the 3/4 T position (i.e., the tip of the 1/4 T deep O.D. flaw) the 
thermal gradients established during heatup produce stresses which are tensile in nature, and 
thus tend to reinforce the pressure stresses present. These thermal stresses are, of course, 
dependent on both the rate of heatup and the time (or water temperature) along the heatup 
ramp. Furthermore, since the thermal stresses at 3/4 T are tensile and increase with increasing 
heatup rate, a lower bound curve similar to that described in the preceding paragraph cannot be 
defined. Rather, each heatup rate of interest must be analyzed on an individual basis.  

Following the generation of pressure-temperature 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 temperature, the allowable pressure is taken to be the 
lesser of the two values taken from the curves under consideration.  

The use of the composite curve becomes 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 O.D. to the l.D. location, and the pressure 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 is always at 1/4 T. The thermal gradients induced during cooldown tend 
to produce tensile stresses at the 1/4 T location and compressive stresses at the 3/4 T 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 and finite cooldown rate situations. Composite limit curves are then constructed for 
each cooldown rate of interest.  

The use of the composite curve in the cooldown analysis is necessary because system control
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The use of the composite curve in the cooldown analysis is necessary because system control 

is based on a measurement of reactor coolant temperature, whereas the limiting pressure is 
calculated using the material temperature at the tip of the assumed reference flaw. During 
cooldown, the 1/4 T vessel location is at a higher temperature than the fluid adjacent to the 
vessel I. D. This condition is, of course, not true for the steady-state situation. It follows that the 

AT induced during cooldown results in a calculated higher allowable KIR for finite cooldown rates 

than for steady state under certain conditions.  

Because operation control is on coolant temperature, and cooldown rate may vary during the 

cooldown transient, the limit curves shown in Figure 3.1.B3-2 represent a composite curve 

consisting of the more conservative values calculated for steady state and the specific cooling 

rate shown.  

Pressurizer Limits 

Although the pressurizer operates at temperature ranges above those for which there is reason 

for concern about brittle fracture, operating limits are provided to assure compatibility of 
operation with the fatigue analysis performed in accordance with the ASME Boiler and Pressure 
Vessel Code, Section 111, 1965 Edition and associated Code Addenda through the Summer 

1966 Addendum.  
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Proprietary Information Notice 

Transmitted herewith are proprietary and/or non-proprietary versions of documents furnished to 

the NRC in connection with requests for generic and/or plant-specific review and approval.  

In order to conform to the requirements of 10 CFR 2.790 of the Commission's regulations 

concerning the protection of proprietary information so submitted to the NRC, the information 

which is proprietary in the proprietary versions is contained within brackets, and where the 

proprietary information has been deleted in the non-proprietary versions, only the brackets remain 

(the information that was contained within the brackets in the proprietary versions having been 

deleted). The justification for claiming the information so designated as proprietary is indicated in 

both versions by means of lower case letters (a) through (f) contained within parentheses located 

as a superscript immediately following the brackets enclosing each item of information being 

identified as proprietary or in the margin opposite such information. These lower case letters 

refer to the types of information Westinghouse customarily holds in confidence identified in 

Sections (4)(ii)(a) through (4)(ii)(f) of the affidavit accompanying this transmittal pursuant to 

10 CFR 2.790(b)(1).



Copyright Notice

The reports transmitted herewith each bear a Westinghouse copyright notice. The NRC is 

permitted to make the number of copies of the information contained in these reports which are 

necessary for its internal use in connection with generic and plant-specific reviews and approvals 

as well as the issuance, denial, amendment, transfer, renewal, modification, suspension, 

revocation, or violation of a license, permit, order, or regulation subject to the requirements of 10 

CFR 2.790 regarding restrictions on public disclosure to the extent such information has been 

identified as proprietary by Westinghouse, copyright protection notwithstanding. With respect to 

the non-proprietary versions of these reports, the NRC is permitted to make the number of copies 

beyond those necessary for its internal use which are necessary in order to have one copy 

available for public viewing in the appropriate docket files in the public document room in 

Washington, DC and in local public document rooms as may be required .by NRC regulations if 

the number of copies submitted is insufficient for this purpose. Copies made by the NRC must 

include the copyright notice in all instances and the proprietary notice if the original was identified 

as proprietary.


