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The reactor core model in the most commonly used computer programs for

safety analysis is a point kinetics model. The core average fission rate

is calculated knowing the reactivity, neutron generation time and delayed-

neutron parameters. The reactivity is a time dependent function taking

account of the effect of changes in water density and temperature, fuel tem-

perature, control rod position and soluble boron concentration. In this pre-

sentation some of the alternative ways of representing this reactivity func-

tion are reviewed.

The general philosophy used to determine the reactivity function is

identical to that for other system parameters; namely, that a bounding

analysis is usually to be done, and, therefore, conservative values (i.e.

values leading to the worst consequences or smallest safety margin) must be

selected for use. The reactivity parameters depend on when during the burnup

cycle the analysis is done and the initial reactor state (i.e., power level,

control rod pattern, soluble boron concentration, etc.).

One option is to take each parameter from the time during the fuel cycle

and for the reactor state when that parameter is at its most limiting value.

This might lead to a moderator feedback corresponding to beginning-of-cycle

(BOC) and a fuel feedback corresponding to end-of-cycle (EOC) as just one

example. This approach could lead to an overly conservative result and

confusion due to the way parameters are defined. However, in those instances

where these are not serious objections, the analyst does not have to do the
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sometimes laborious calculations as a function of burnup and reactor state to

determine the most limiting conditions.

Each safety analysis code may represent fie reactivity function

differently in terms of the independent variables, the units used, and whether

the function is specified by tabular data or analytical expressions (usually

polynomials). The reactivity is frequently writtan as the sum of functions of

a single variable. In the following, the effects of moderator, fuel and

control feedback are considered separately.

The representation of moderator reactivity depends on whether steam voids

will be present. Assuming single-phase flow is acceptable for most

pressurized water reactor (PWR) safety analysis, the moderator feedback may

use coolant density and/or temperature as the independent variable. If we

assume water is totally incompressible then either variable will do as density

and temperature are simply related.

When moderator temperature changes reactivity responds due to the change

in hydrogen and (soluble) boron density and a change in molecular motion; with

the density changes being the more important. The reactivity function can

take these effects into account whether it is written in terms of density or

temperature provided they were taken into account in the basic reactor physics

calculations used to determine the reactivity.
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If reactivity were a linear function of temperature then a constant mode-

rator temperature reactivity coefficient (MTC) ir the proper representation.

In general this is not the case and henca if a constant MfC is used it should

be shown that it yields conservative results relative to a higher order func-

tion. If a constant MTC is used, however, it is easy to compare with the iso-

thermal moderator reactivity coefficient that is measured at PWRs, or con-

versely, the measured value can be used in the analysis.

If one wants to account for the possibility of steam voids then density

and temperature should be used as independent variables since now density

changes may not correspond to temperature changes. Void reactivity is fre-

quently not taken into account in PWR safety calculations. Although it could

lead to negative reactivity, at a later time during the transient the negative

effect may be neutralized by the collapse of voids. Also, since the void ef-

fect is frequently localized and the core noding is usually relatively gross,

the effect can be miscalculated.

In a boiling water reactor (BWR) the moderator feedback function has

either coolant density or void fraction as an independent variable. In most

safety calculations the effect on reactivity of changes in vapor generation

and condensation is very important whereas the coolant temperature does not

change significantly. However, there are some calculations where the tempera-

ture does vary e.g. under depressurization there is a change in saturation

temperature which in turn influences the average liquid temperature. There-

fore, if void fraction is used as an independent variable, coolant temperature
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must also be used. If coolant density alone is used as the independent vari-

able then the most important reactivity effects will be accounted for under

different void and temperature conditions.

The most important feedback effect in the fuel is the result of the

Doppler effect and it is the fuel temperature which determines this effect.

However, either fuel temperature or (% of rated) power can be used as the in-

dependent variable. The latter is sometimes convenient to use because of the

existence of measured power coefficients or power defects. If the reactivity

versus power is obtained from calculations then a relationship between fuel

temperature and power had to be used. This correlation is usually obtained

from steady state calculations which implies that a certain error will be

introduced by using power as the independent variable when conditions are

changing rapidly. This reactivity function would also not be applicable in

the "zero-power" range.

The above summarizes considerations necessary when determining thermal -

hydraulic reactivity parameters. The presentation will also address control

rod reactivity, factors that are applied to reactivity parameters in order to

account for uncertainties and the application of spatial weighting factors to

the reactivity.


