
Appendix D
SENSITIVITIES OF REFERENCE VALUES TO K

EFF

CHANGES

The k

eff

sensitivity to a change from the critical value in one of the selected parameters mass,

volume, cylinder diameter, slab thickness and concentration (g/cm

3

or H/X) is a physical constant in

the same way as the critical value itself is. If the sensitivity is determined at some other base value, it

may be significantly different. 

The reciprocal, i.e sensitivities of reference parameters to small k

eff

changes are particularly useful

in adjusting the calculated reference values for small biases in k

eff

. Uncertainties in k

eff

can easily be

converted to reference value uncertainties. 

Another use of these sensitivities is to determine the precision of a reference value that is

equivalent to a specific k

eff

precision. The precision in k

eff

that is applied in the final presentation of

reference values in this report is 0.001. A unit, “mk“ is used to represent this number (representing a

k

eff

change, a reactivity). Each sensitivity is represented as parameter change per mk. Examples are

kg/mk, litre/mk, cm/mk, g/l/mk and H/X/mk where H/X is the atomic number density ratio of hydrogen

to specified fissionable nuclides. The logarithm of the sensitivity indicates the last significant figure

before (positive) or after (negative) the decimal point. The specified value will have a precision

corresponding to a range of 0.0001 to 0.001 in k

eff

. 

If the sensitivities can be confirmed using different methods, it will be easier to correct calculated

values to account for biases. New or improved validation results may be applied directly, without

recalculations of the selected application systems. 

The sensitivities in Table D1 and the associated precision values (negative logarithm values; they

indicate significant figures after the decimal point) in Table D2 were calculated with SCALE 4.4 using

XSDRNPM and 238-group cross sections with default convergence and mesh input parameters. The

preferred way would have been to use SCALE 5 with better convergence and mesh input parameters. 

Further, the sensitivities were not determined in a consistent way. In most cases, the calculated

sensitivity is based on a 0.005 change in k

eff

. Sometimes the change is smaller and in a few cases larger.

The sensitivity is not linear in this wide range. It would have been better to fix the change to 0.001. The

best way would be to generate equations (curve-fitting) that correspond to the non-linear behaviour of

the sensitivity. 

The sensitivities have been confirmed using MCNP5 with many cross section libraries and with

MONK sensitivities. There is a small statistical spread in the Monte Carlo sensitivities. 

The sensitivities are not very sensitive to the different cross section sets used. The material input

parameters for all MCNP5 calculations were based on SCALE results for each optimum system. If the

cross sections vary significantly between libraries, individual optimisation should result in different

systems. In reality, there is only one optimum system. So far, there is no indication that the deviation

from optimum is significant for any calculation method. This should be confirmed in future studies.
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Table D1.   Reference value sensitivities to small k

eff

changes
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Table D2.   Precision of reference values corresponding to 1 mk reactivity
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