Quiz questions - Kinetics, dynamics and noise analysis of
the TMSR

Question 1
In an MSR, if one starts up a system which is critical with non-moving fuel, when the fuel starts
moving, the system becomes sub-critical. This is related to the movement of the delayed
neutron precursors. However, the movement of the precursors influences the reactivity, or k_eff
of the system by two different mechanisms. List both of them.
A. Some of the precursors will decay outside the core, and the neutrons emitted will be lost.
B. Even those decaying inside the core, the majority will decay at a place where the
neutron importance is lower than where the precursor was born.
C. The neutron yield from the precursor decays is so small that it has a negligible effect on
the reactivity.
D. As it is possible for neutron precursors to make one revolution before they decay it is
difficult to model the effect on the reactivity.

Question 2
Based on the above, give a qualitative assessment of how the reactivity will change with fuel
velocity increasing from zero to a high value.
Answer: For very low velocities, all precursors which leave the core, will decay outside the core.
However, when the velocity becomes high enough,the return time from core exit to core inlet will
be short enough such that some of the precursors which leave the core, will survive in the outer
loop and will decay after having returned to the core. This latter effect contributes positively to
the reactivity. So it may happen that the dependence of the reactivity on fuel velocity is not
monotonic.

Question 3
Is the one-group diffusion equation for and MSR self-adjoint? Why?
Answer: it is not self-adjoint, because the flow has a direction, and hence the equations are not
invariant to time reversal.

Question 4
Make a qualitative assessment of the stability of an MSR. Compare to a LWR. Assume that the
power suddenly increasing in the core. Try to argue whether the corresponding reactivity
change will be positive (unstable) or negative (stable).
Answer: apart from the other factors which are also valid for traditional reactors, and usually
have negative reactivity coefficients, such as the Doppler coefficient, lower fuel density, there
are even other factors for an MSR. Partly, the thermal expansion of the fuel means that part of
the fuel which was previously in the core, will be ”pressed out” and hence not being in the core
any longer (negative reactivity effect). Partly, if the mass flow of the fuel remains the same, the
fuel velocity in the core will increase, which in general leads to a decrease of reactivity. Hence,
the MSR is stable for small perturbations.

Further suggestions
How is it possible to recover a noise source on the basis of a point kinetics calculation?
a. …
b. …
c. ...

