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4.6 REACTOR COOLANT SYSTEM

Pressure and Temperature Limitations

All components in the Reactor Coolant System are designed to withstand the effects of cyclic lcads due to
system temperature and pressure changes. These cyclic loads are introduced by normal load transients,
reactor trips, and startup and shutdown operations. The various categories of load cycles used for design
purposes are provided in Section 4.2 of the FSAR. During startup and shutdown, the rates of temperature
and pressure changes are limited so that the maximum specified hea'up and cooldown rates are consistent
with the design assumptions and satisiy the stress limits for cyclic operation.

During heatup, the thermal gradients in the reactor vessel wall produce thermal stresses which vary from
compressive at the inner wall to tensile at the outer wall. These thermal induced compressive stresses
tena to alleviate the tensile stresses induced by the internal pressure. Therefore, 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 inner wall of the vessel is treate¢ as the governing locations.

The heatup analysis alc. covers the determination of pressure-temperature limitations for the case in which
the outer wall of the vessel becomes the cont:rolling location. The thermal grajients established during
heatup produce tensile stresses at the outer wall of the vessel. These stresses are additive to the
pressure induced tensile stresses which are already present. The thermal induced stresses at the outer
wall of the vessel are tensile and are dependent on both the rate of heatup and the time along the heatup
ramp; therefore, a lower bound curve similar to that described for the heatup of the inner wall cannot be

defined. Subsequently, for the cases in which the outer wall of the vessel becomes the stress controlling
location, each heatup rate of interest must be analyzed on an individual basis.

In order to prevent undue stress on the vessel nozzles and bottom head region, the recircuiation loop
temperatures should be within 50°F of each other prior to startup of an idle loop.

The reactor vessel materials have been tested to determine their initial nil-ductility transition
temperature (NDTT) of 40°F mazimum. An additional margin of 20°F has been added in order to estimate
reference temperature, RTypr. Reactor operation and resultant fast neutron (E ) 1 Mev) irradiation will
cause an increase in the R pr+ Therefore, an adjusted reference temperature can be predicted using
current industry practices (GE SIL No. 14, Supplement No. 1) based on recent GE surveillance data. The
pressure/temperatur< limit curve Figure 3.6.1 includes predicted adjustments for this shift in RTypy for
operation through 1.15x10% MWH(t), as well s adjustments for possible errors in the pressure and
temperature sensing instruments.
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The actual shift in NDTT of the vessel material will be established periodically during operation by
removing and evaluating, in accordance with ASTM E185-73, reactor vessel material irradiation surveillance
specimens installed near the inside wall of the reactor vessel in the core area. Since the neutron spectra
at the irradiation samples and vessel inside radius are essentially identical, the measured transition
shift for a sample can be applied with confidence to the ad jacent section of the reactor vessel. In order
to estimate the material properties at the 1/4 and 3/4 positions in the vessel plate, the shift in NDTT
is assumed to be 628 and 22%, respectively of the irradiation samples properties. The heatup and cooldown
curves must be recalculated when the O RTypr determined from the surveillance capsule is different from

the calculated A& RTypr for the equivalent capsule radiation exposure.

The pressure-temperature iimit lines shown on Figure 3.6.1 for reactor criticality and for inservice leak
and hydrosta.ic testing have been provided to assure compliance with the minimum temperature requirements
of Appendix G to 10 CFR 50 for reactor criticality and for inservice leak and hydrostatic testing.

The number cf reactor vessel irradiation surveillance specimens and the frequencies for removing and

testing these specimens are provided to assure compliance with the requirements of Appendix H to 10 CFR
Part 50.

Coolant Chemistry

A steady state radioiodine concentration limit of 1.1 mCi of I-131 dose equivalent per gram of water in
the reactor coolant system can be reached if the gross radioactivity in the gaseous effluents are near the
limit as set forth in Specification 3.8.C.l1.a or there is a failure or prolonged shutdown of the cleanup

demineralizer. In the event of a steam line rupture outside the drywell, the NRC staff calculations show
the resultant radiological dose at the site boundary to be less than 30 Rem to the thyroid. This dose was
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