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b. HEATUP AND COOLDS LIMIT CURVES FOR NORMAL OPERA*N

Specification 

1. The reactor coolant temperature and pressure and system heatup and 
cooldown rates (with the exception of the pressurizer) shall be 
limited in accordance with Figures TS 3.1-1 and TS 3.1-2 for the 
service period up to 15 equivalent fullpower years. 71 

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 
presented may be obtained by interpolation.  

b. Figures TS 3.1-1 and TS 3.1-2 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.  

2. The secondary side of the steam generator must not be pressurized 
above 200 psig if the temperature of the steam generator is below 70aF.  

3. The pressurizer cooldown and heatup rates shall not exceed 200*F/hr 
and 100*F/hr, respectively. The spray shall not be used if the 
temperature difference between the pressurizer and the spray fluid 
is greater than 320'F.  
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Basis 9 

Fracture Toughness Properties 

The fracture toughness properties of the ferritic material in the reactor 
coolant pressure boundary are determined in accordance with the ASME Boiler 
and Pressure Vessel Code (1), and the calculation methods of reference (2).  
The post-irradiation fracture toughness properties of the reactor vessel belt 
line material were obtained directly from the Kewaunee Reactor Vessel Material 
Surveillance Program.  

Allowable pressure-temperature relationships for various heatup and cooldown 
rates are calculated using methods derived from Nonmandatory Appendix G in 
Section III of the ASME Boiler and Pressure Vessel Code, and are discussed 
in detail in Reference (3).  

The method 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 for the metal temperature at that time. Furthermore, the approach 
applies an explicit safety factor of 2.0 on the stress intensity factor 71 
induced by the pressure gradient. Thus, the governing equation for the 
heatup-cooldown analysis is: 

2 KIm + KIt < KIR (3.1B-1) 71 

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.  
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From equation (3.1B- 0 he variables that affect the * up and cooldown analy
sis can be readily identified. KIm is the stress intensity factor due to 71 
membrane (pressure) stress. KIt is the thermal (bending) stress intensity fac
tor and accounts for the linearly varying stress in the vessel wall due to ther
mal gradients. During heatup KIt is negative on the inside and positive on the 
outer surface of the vessel wall. The signs are reversed for cooldown and, 
therefore, an ID or an OD one quarter thickness surface flaw is postulated in 
whichever location is more limiting. KIR is dependent on irradiation and 
temperature and, therefore, the fluence profile through the reactor vessel wall 
and the rates of heatup and cooldown are important. Details of the procedure 
used to account for these variables is explained in the following text.  

Following the generation of pressure-temperature curves for both the steady
state (zero rate of change of temperature) 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 con
sideration. The composite curve is then adjusted to allow for possible errors 
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 OD to the ID location.  
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 the ID. The thermal gradients 
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induced during cooldo tend to produce tensile stress 0 at the ID location and 
compressive -stresses ac the 00 position. Thus, the ID 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 interest. Again 
adjustments are made to account for pressure and temperature instrumentation 
error.  

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 1/4T vessel location is at 
a higher temperature than the fluid adjacent to the vessel ID. This condition, 
of course, is not true for the steady-state situation. It follows that the LT 
induced during cooldown results in a calculated higher KIR for finite cooldown 
rates than for steady-state under certain conditions.  

Limit curves for normal heatup and cooldown of the primary reactor coolant 
system have been calculated using the methods discussed above. The 
derivation of the limit curves is consistent with NRC Regulatory Standard 
Review Plan Directorate of Licensing, Section 5.3.2 "Pressure-Temperature 
Limits" 1974 and Reference (1). 71 

Transition temperature shifts occurring in the pressure vessel materials due 
to radiation exposure have been obtained directly from the reactor pressure 
vessel surveillance program. As presented in WCAP 9878(5), weld metal Charpy 
test specimens from Capsule R indicate that the core region weld metal exhibits 71 
the largest shift in RTNDT (235 0F)* 
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9 9 
The results of Irradiation Capsules V and R analyses are presented in WCAP 

8908 and WCAP 9878, respectively. Heatup and cooldown limit curves for 

normal operation of the reactor vessel are presented in Figures TS 3.1-1 

and TS 3.1-2 and represent an operational time period of 15 effective 71 

fullpower years.  

Pressurizer Limits 

Although the pressurizer operates at temperature ranges above those for which 

there is reason for concern about brittle fracture, operating limits are pro

vided to assure compatibility of operation with the fatigue analysis performed 

in accordance with Code requirements. In-plant testing and calculations have 

shown that a pressurizer heatup rate of 100aF/hr cannot be achieved with the 

installed equipment.  
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c. MAXIMUM COOLANT AIVITY 

Specification 

The total specific activity of the reactor coolant due to nuclides with 
halflives of more than 30 minutes, excluding tritium, shall not exceed 
A = 91 uCi whenever the reactor is critical or the average temperature is 

- cc 

E 

greater than 500'F (E is the average sum of the beta and gamma energies in 
Mev per disintegration).  

Basis 

This specification is based on the evaluation of the consequences of a 
postulated rupture of a steam generator tube when the maximum activity in 
the reactor coolant is at the allowable limit. The potential release of 
activity to the atmosphere has been evaluated to insure that the public is 
protected.  

Rupture of a steam generator tube would allow reactor coolant activity to 
enter the secondary system. The major portion of this activity is noble 
gases (1) which would be released to the atmosphere from the air ejector 
or a relief valve. Activity could continue to be released until the operator 
could reduce the Reactor Coolant System pressure below the set point of the 
secondary relief valves and could isolate the faulty steam generator. The 
worst credible set of circumstances is considered to be a double-ended break 
of a single tube, followed by isolation of the faulty steam generator by 
the operator within one-half hour after the event. During this period, 
120,000 lbs of reactor coolant are discharged into the steam generator.(1 ) 
The limiting off-site dose is the whole-body dose resulting from immersion 
in the cloud containing the released activity. Radiation would include both 
gamma and beta radiation. The gamma dose is dependent on the finite size 
and configuration of the cloud. However, for purposes of analysis, the 
simple model of a semi-infinite cloud, which gives an upper limit to the 
potential gamma dose, has been used. The semi-infinite cloud model is 
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applicable to the be * ose because of the short rang f beta radiation 
in air. The effectiveness of clothing as shielding against beta radiation 
is neglected and therefore the analysis model also gives an upper limit to 
the potential beta dose.  

The combined gamma and beta dose from a semi-infinite cloud is given by:

Dose, rem = 1/2 [ E * A V * X (3.7 x 1010) (1.33 x 10-11) 1 
Q

Where: E = average energy of betas and gammas per disintegration (Mev/dis) 

A = primary coolant activity (Ci/m 3) 

EA = 91 Mev Ci/dis m3 (the maximum per this specification) 

X = 2.9 x 10-4 sec/m 3, the 0-2 hr dispersion coefficient at the 
Q site boundary prescribed by the Commission.

V = 77 m3, which corresponds to a reactor 
120,000 lbs.

coolant liquid mass of

The resultant dose is less than 0.5 rem at the site boundary.  

References: 

(1) FSAR Section 14.2.4
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d. LEAKAGE OF REAC* COOLANT 
Specification 

1. Any reactor coolant system leakage indication in excess of 1 gpm shall be 
the subject of an investigation and evaluation initiated within 4 hours 
of the indication. Any indicated leak shall be considered to be a real 
leak until it is determined that no unsafe condition exists. If the 
Reactor Coolant System leakage exceeds 1 gpm and the source of leakage 
is not identified within 12 hours, the reactor shall be placed in the 
hot shutdown condition utilizing normal operating procedures. If the 
source of leakage exceeds 1 gpm and is not identified within 48 hours, 
the reactor shall be placed in the cold shutdown condition utilizing 
normal operating procedures.  

2. Reactor Coolant-to-secondary leakage through the steam generator tubes 
shall be limited to 500 gallons per day through any one steam generator.  
With tube leakage greater than the above limit reduce the leakage rate 
within 4 hours or be in cold shutdown within the next 36 hours.  

3. If the sources of leakage other than that in 3.1.d.2 have been identified 
and it is evaluated that continued operation is safe, operation of the 
reactor with a total Reactor Coolant System leakage rate not exceeding 10 
gpm shall be permitted. If leakage exceeds 10 gpm, the reactor shall be 
placed in the hot shutdown condition within 12 hours utilizing normal 
operating procedures. If the leakage exceeds 10 gpm for 24 hours, the 
reactor shall be placed in the cold shutdown condition utilizing normal 
operating procedures.  

4. If any reactor coolant leakage exists through a non-isolable fault in a 
reactor coolant system component (exterior wall of the reactor vessel, 
piping, valve body, relief valve leaks, pressurizer, steam generator 
head, or pump seal leakoff), the reactor shall be shut down; and cooldown 
to the cold shutdown condition shall be initiated within 24 hours of 
detection.  
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5. When the reactor critical and above 2% power, * reactor coolant leak 
detection systems of different operating principles shall be in operation 
with one of the two systems sensitive to radioactivity. Either system 
may be out of operation for up to 12 hours provided at least one system 
is operable.  

Basis 

Leakage from the Reactor Coolant System is collected in the containment or by 
the other closed systems. These closed systems are: the Steam and Feedwater 
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