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reactor vessel are determined in accordance with the Summer 1965 
Section III of the ASME Boiler and Pressure Vessel Code (6) and ASTM 
E185 (5) and in accordance with additional reactor vessel requirements.  
These properties are then evaluated in accordance with Appendix G of 
the 1972 Summer Addenda to Section III of the ASME Boiler and Pressure 
Vessel Code (1), and the calculation methods described in WCAP-7924 (2).  

The first reactor vessel material surveillance capsule was removed 
during the 1978 refueling outage. : This capsule has been tested by 
Westinghouse Corporation and the results have been evaluated and 
reported (7). Based on the Westinghouse evaluation, heatup and 
cooldown curves (Figures 3.1-1 and 3.1-2) were developed for up to 
9.26 EFPYs of reactor operation.  

Generic Letter 88-11 requested that licensees use the methodology of 
Regulatory Guide 1.99, Revision 2, "Radiation Embrittlement of Reactor 
Vessel Materials", to predict the effect of neutron radiation on 
reactor vessel materials as required by paragraph V.A. of 10 CFR part 
50, Appendix G. Capsule Z was analyzed (8) and new pressure
temperature curves were developed using this methodology.  

The maximum shift in RT T after 9.00 EFPYs of operation is projected 
to be 194'F at the 1/4 T and 157*F at the 3/4 T vessel wall locations 
for Plate B2803-3 the controlling plate. Plate B2803-3 was also the 
controlling plate for the first operating period of 2 EFPYs.  

Heatup and cooldown limit curves are calculated using the most 
limiting value of RTNT at the end of 9.00 years of service life. The 
9.00 year service life period is chosen such that the limiting RTN1  I 
at the 1/4 T location in the core region is higher than the RTNDT of 
the limiting unirradiated material. This service period assures that 
all components in the Reactor Coolant System will be operated 
conservatively in accordance with Code recommendations.  

The highest RTNDT of the core region material is determined by adding 
the radiation induced ARTNDT for the applicable time period to the 
original RTNT shown in Table Q4.2-1 (3) 
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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 III of the ASME Boiler and Pressure Vessel Code and discussed in 
detail in WCAP-7924 (2) 

The approach specifies that the allowable total stress intensity factor (KI) 
at any time during heatup or cooldown cannot be greater than that shown on 
the KIR curve (1) 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. Thus, the governing equation for the 
heatup-cooldown analysis is: 

2KIm+ Kit-<K IR (1) 

where: 

Kjmis the stress intensity factor caused by membrane (pressure) stress 

K jt 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.  

During the heatup analysis, Equation (1) is evaluated for two distinct 
situations.  

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 deep 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 
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induced by internal pressure are somewhat alleviated. Thus, a pressure
temperature curve based on steady state conditions (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 composite 
curve is then adjusted to allow for possible errors in the pressure and 
temperature sensing instruments.  

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 I.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 
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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 test temperatures are shown on Figure 4.3-1. The 
temperatures are calculated in accordance with ASME Code Section III, 
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 9.00 effective full power years, it is predicted that the 
highest RTNDT in the core region taken at the 1/4 thickness will be 1940 F.  
The temperature determined by methods of ASME Code Section III for 2335 psig 
is 127'F above this RTNDT and for 2510 psig (maximum) is 134°F above this 
RTNDT. The minimum inservice leak test temperature requirements for periods 
up to nine 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 system is being heated to the inservice 
leak test temperature. For cooldown from the leak test temperature, the 
limitations of Figure 3.1-2 must not be exceeded. Figures 4.3-1 and 3.1-2 
are recalculated periodically, using methods discussed in the Basis for 
Specification 3.1.B and results of surveillance specimens, as covered in 
Specification 4.2.  

Reference 

1. FSAR, Section 4 
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