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ABSTRACT

Presented is a simple analytical model developed for evaTuating the
radial expansion reactivity in small modular liquid metal reactors (LMRs).
The present model is based on a non^leakage representation of the effective
neutron multiplication factor. The resultant analytical expression for the
radial expansion reactivity is simple and can be used directly in a system
code for safety analyses. Applications of the present model to PRISM and SAFR
resulted in a good agreement with the values reported by vendors. This
agreement establishes that the large negative reactivity insertion resulting
from LMR core radial expansion can be confirmed using a simple analytical
approach, and thus is important in the current effort to evaluate the reactor
inherent feedbacks for the PRISM and SAFR designs. *
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In a small modular l iqu id metal reactor (LMR), an increase in temperature

leads to thermal expansion and the associated temperature gradient results in

assembly bowing, both of which tend to increase the radial dimension of the

core, thus producing a strong negative radial expansion react iv i ty . This is

a key to the inherent safety of modular LMRs. The determination of the radial

expansion react ivi ty i s , therefore, of c r i t i ca l importance. The standard

approach has been either the method of eigenvalue difference or perturbation

theory. These methods require time-consuming and expensive steady state cal -

culations. This paper presents a simple model for the radial expansion reac-

t i v i t y that can be used direct ly in a system code for safety analyses.

The small core of LMRs makes i t possible to describe accurately the

radial expansion react iv i ty in terms of a point reactor model. The present

model is based on a non-leakage probability representation of the effective

neutron mult ipl ication factor:

k e f f = k- e-B2M2

Under the assumption that the radial expansion has no effect on k« (the effect

is primarily on the atom density which appears in both the numerator and

denominator of k«, thus canceling out) and that the structure mass in the core

remains unchanged during the radial expansion, it can be shown that the radial

expansion reactivity for a cylindrical core is given by:

o = 1 -P R X i -
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where &B2M2 = CiCl+AR/Ro)" - 1 ] + C 2 [ 1 + A R / R O ) 2 - 1 ]

C2 = 5.784C(R2H2)

C = (l/3)[nA/(0.6023pcVcat)]

A - IWnAn
n

2

Vc =

V t • 0.86602Hb2

R = /0.86602bi(NDF+NlB+NRB)/^

In the above expressions, AR/RO is the fractional radial expansion due to

thermal expansion and bowing, H is the active core height, b is the f l a t - t o -

f l a t distance of fuel assembly duct, Wn is the weight fraction of n t h

structure composition, An is the corresponding atomic weight, NQP is the

number of driver fuel assemblies, Njg is the number of internal blanket

assemblies, NRB is the number of radial blanket assemblies, VFQP is the

volume fraction of driver fuel structure, VFJB is the volume fraction of i n -

ternal blanket structure, VFRB is that of radial blanket structure, at is

the microscopic total cross section in barns, and Pc is the density of the

structure material.

The simple model described above has been used to evaluate the radial ex-

pansion react iv i ty for both PRISM [1] and SAFR [ 2 ] . The structure material

used is HT-9 alloy and i t s microscopic total cross section averaged over the

reactor spectrum is 2.84 barns. The results are presented in Figure 1. I t is

seen that the radial expansion react iv i ty exhibits a fa i r l y linear behavior.

The data shown in Figure 1 were least-square f i t ted with a straight l ine for

both PRISM and SAFR. The slopes of these f i t ted curves are summarized below

along with the values reported by vendors:



PRISM ($/cm) SAFR ($/cm)

This Work -2.115 -1.645

GE -2.294

RI -1.630

The agreement is quite good (-8% for PRISM and +1% for SAFR).
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Figure 1. Radial Expansion Reactivity Characteristics


