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THE EFFECT OF SHAPE REACTIVITY ON THE ROD-EJECTION ACCIDENT

Detailed three-dimensional MEKIN-B̂  calculations of the PWR control
rod ejection accident (REA) are being performed as part of the BNL/NRC evalua-
t ion of methods currently used to analyze PWR REA events. Of particular i n -
terest are the point kinetics and one-dimensional methods in which spatial
dimensions are eliminated by making simplifying assumptions concerning the
temporal behavior of the f lux shape. A principal objective of these calcu-
lations has been to evaluate in three dimensions the effect of flux redis-
t r ibut ion on the core transient reactivi ty and hence on transient core power
1 evel.

The core reactivi ty is expressed in terms of the net neutron production
operator ,^ , and the shape function, yt as^

P = 1 {w^0*0) + (W,fiat*0) + (W,£06*) + (W.6&*)} (1)

where , . * , -, ,T

£ = {v.DV-A +ZJK1-BJ) Xp +J] Ŝ  X^F3 (2)

N = (W,7*) (3)

.T
rJ (4)

In equations (1) through (4), W is an arbitrary weight function, and the
symbols D,A,F,g andx have their usual meaning. ^ 0 and * 0 denote the
steady state values of the net production operator and the shape function, re-
spectively. By choosing an i n i t i a l l y c r i t i ca l reactor, li=i|i0*, and ap-
plying equation (1) to a component, p . , of the total react iv i ty , we find

(5)

The first term is the usual perturbation theory expression for p c. The
second term gives the contribution of the change in the shape function,gw,, to
the reactivity, and is the subject of the present paper.
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A three-dimensional MEKIN-B quandrant symmetric model of a typical four-
loop PWR at the beginning of l i f e was constructed for the REA calculations.
The reactor core consisted of 193 fuel assemblies, containing fuel rods in
15x15 arrays, and arranged in a typical f i r s t core checkerboard pattern. The
standard loading pattern was slightly altered near the center of the core to
ensure that a center rod worth of approximately 1% was obtained at hot zero
power with the control banks D and C fu l l y inserted. Nominal design values
were used for the coolant flow rate, in le t temperature and the system pres-
sure. The.init ial power level was taken to be 3.25 MW, or 0.1% of the rated
power. A quadrant of the reactor core was partitioned into 56 thermal-
hydraulic channels and 17 thermal-hydraulic planes. The thermal hydraulic re-
gions were further partitioned to yield neutronic mesh spacings of 7.2 cm •
horizontally and ver t ica l ly . Cross-sections were generated at reference and
off-reference conditions using the CASMfP code.

In this configuration, the central control rod was found to have a stat ic
worth of 1.02% Ak/k. The rod was ejected out of the core with uniform velocity
in 0.1 seconds and the transient was followed out to 0.48 seconds. A neu-
tronic time step of .001 seconds was used for the f i r s t 0.2 seconds, and a
time step of .002 seconds thereafter. In Figure 1 , the t o t a l , control, Dop-
pler and moderator density reactivit ies are presented versus time. Out to 0.1
seconds, the total react iv i ty is determined almost entirely by the react iv i ty
due to the ejecting control rod. The Doppler reactivity makes a significant
contribution beyond ~_0.12 seconds. The moderator density reactivity is small
and negative throughout the transient. Between 0.11 seconds and 0.19 seconds,
the total reactivity is seen to decrease by 0.90% Ak/k and the transient is
reversed. Of this decrease, the Doppler reactivity contributes 0.42%, while
the change in control reactivi ty (which is entirely a shape reactivity during
this period) contributes as much as 0.48%, establishing the importance of the
flux shape reactivity in determining the course of this transient.

In Figure 2, the core thermal power is presented versus time. As in
earl ier analyses4 of the hot zero power rod ejection accident, the core
thermal power is seen to exhibit osci l lat ions. Comparison with Figure 1 i n d i -
cates that they are clearly associated with the oscil lations in the con-
t ro l react iv i ty. These variations in control reactivity are brought about by
radial flux oscillations in which the flux alternately moves between the re-
la t ive ly high reactivi ty central and the low reactvity peripheral regions of
the core. These flux oscillations contribute to oscil lations in the Doppler
react ivi ty as well. The oscillations in the Doppler react iv i ty are less de-
veloped, however, because of i ts weaker spatial dependence (as compared to

. that of the control react iv i ty ) . Also, the Doppler react iv i ty oscil lations
are out of phase with the control reactivi ty osci l lat ions, since a flux peak
at the ejected rod location leads to a negative Doppler contribution and a
positive control reactivi ty contribution.
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In summary, the shape reactivity has a significant influence on the rod
ejection accident. After the control rod is fu l l y ejected from the core, the
neutron flux undergoes a large reduction at the ejected rod location. The
corresponding effect on the control react ivi ty is comparable in magnitude to
the Doppler react iv i ty, and makes a signif icant contribution to l imit ing the
power excursion during the transient. The neglect of this effect in point
kinetics and-space time synthesis analyses of the rod ejection accident may
account in part for the large degree of conservatism usually associated with
these analyses.5
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