Energy Condensation

HE SPACE-TIME KINETICS EQUATIONS (1), (2) and (3)

that we have obtained have been formulated with a con-

tinuous energy variable. However, it is not practical to

solve these equations. In order to further simplify the
equations, it is useful to perform a discretisation of the energy variable.
This process is examined in this chapter.

Energy Partitioning

We start the partitioning process by separating the energy domain into
a number G widths, which we call energy groups, as illustrated on
Figure 1, page 39. The choice of the energy group boundaries is left to
the analysts, and are usually chosen by taking into account the varia-

tions of the cross-sections of the important isotopes that are included
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in the reactor medei. The presence of fissile isotope resonances will
play a determinant role in this process. We also note that the micro-
scopic cross-section are measured by many of the nuclear physics lab-
oratories in the world, and are listed in the ENDF-B VI data files. These
microscopic cross-sections are continuous in energy. A preliminary
treatment with hyperfine group widths is done with the computer code
NJOY to generate specialized cross-section libraries for lattice cell cal-

culations, which will have about one hundred energy groups.

Lattice codes such as DRAGON, WIMS, APOLLO, CASMO, use these
specialized libraries to perform transport theory calculations, and will
also perform another energy condensation to gererate two group
cross-sections and diffusion coefficients that are routinely used in

reactor calculations.

The process that we will describe here is relatively simplified by com-
parison to methods currently used in these codes. For example, the use
of flux shapes within the energy groups is not covered here. Further-
more, the energy condensation done at the cell code level uses static
fluxes in the process, while we could believe that time dependent fluxes
should be used to calculate the parameters. This turns out to be a very
small correction that we will entirely neglect.

Note also the convention that high grcup numbers correspond to
smaller energies. The rational behind this convention is that neutrons
are born at high energies and are subsequently slowed down toward

the lower energies.
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FIGURE 1. Energy Domain Partition
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Multigroup Reduction

The multigroup reduction process is to apply the operator
grovf P PPy %

to the space-time kinetics equations.

We also introduce the following definitions:
+ The group flux

E;_
d, (1, 1) = Lag (1, E, t)dE

(EQ4H)

(EQS)

Let us note that the group flux is not an energy density anymore; it’s
dimensions are not the same as that of ¢(f, E, t}, the continuous

energy flux.

+ The net current of group g
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B,

g(f, t) = JEB

This group current is also not a density anymore, just like the group
flux, and it’s dimensions are not the same as the continuous energy
current.

- -
] (r, &, 1)dE (EQ6)

» The total cross-section of group g:

E E, -

JE‘ 2.4(, E, t)dE JES 3, ®(F, E, t)dE
3, (f) =" E_, = &, (EQ7)
ng (b(f!E:t)dE

» The fission cross-section of group g:

E, -

Eg— 1 1
JE zfd)(f, E, t)dE JE Zf(b(f, E, tYdE
T (f) = —¢ —— = 3 (EQ8)
4

g1
lo #GE O
3

« The prompt neutron spectrum of group g :

E,_|
P = J P(E)dE (EQ9
Xg g, X°(E) Q9)
The group spectrum is such that the sum over all energy groups
gives 1, since the sum returns the complete integral.

» The delayed neutron spectrum of family i and of group g:

E,

xgi = JE xY(E)dE (EQ10)

40

Jean Koclas, Neutronic Analysis of Reactors



Multigroup Reduction . 41

The same comment applies to group delayed neutron spectra as for
the prompt neutron spectrum.

« The diffusion coefficient of group g

E

g—1

1 . 1 .
1 EJ 1‘)@‘““ E, t)dE Ef D(E)q;(r, £, )dB
]_)g(F) - E = b, (EQ11)

Je #GE ez

The inverse of the coefficient is used because this inverse is propor-
tionai to the transport cross-section.

+ The scattering cross-section from group g' to group g. We start by
defining the scattering cross-sectien for neutrons in group g’
towards an energy beiween E and E + dE,

By,
L:. 3(E'—= E)¢(f, E')dE'
(T, E)YE = ——— dE

JEjgld)(f, E")dE'

We the integrate this over the energy group g of neutron arrival

Es-l Es'-l
IE JEg. 3 (E' = E)d(E)dE'dE

— £

2 gD = by (EQ12)
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Diffusion Equations in Terms of Energy Groups

Space-time Kinetics Equations

Applying the integral operator (4) together with the definitions of the

group parameters given by equations (55) to (12), the space-time

kinetics equations become:

« for the fluxes

1d, .. _ 2 .
—a—d}g(r, ) = =V Jg(f,0) — I, b,

+ Z R +XE(1 - B) Zlvzfg.q)g.
- =

sg(—g

D
ol Z XBMCi(E, )

i=1

o for the delayed neutron precursor concentrations,

a 4 -
EECi(r, t) = Biglzivzfg-¢g. - ?\iCi(r, t)

for the currents,

(EQ13)

(EQ14)

{EQ135)
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Static Equation

Starting from the space-time kinetics equations (13) and (14), it is
possible to get the static equations, by setting to zero the time deriva-

tives. The precursor equations become

G
g=1

which we substitute in the flux equations
5 _
=V Ig(f,t) — Etgd)g

G
+ % Esg(-—g'd)g‘ + Xg(l - B)g,glvgfg'd)g'

g 1
N
2 dg 2 vEfg
= lg 1
which becomes
% -
V- Jg(f,0)+ 2,4,
G D G
) gz_llzsgﬁg'd)?' N {xg(l B2 Xig B‘}g'zlvzfg'(bg'
= i=1 e
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If we realize that the neutron spectrum for the static case must take
into accouni the spectrum of all neutrons, whether prompt or delayed,

we can write

© D
= JyP(] —
Xg {)\g(l B)+ .zl Xingi} (EQ 16)
1 _
and ihe static equations then become

—) --
V- Ig (@) + 2,0,

G G (EQ17)
= Z_: Esge-g‘d)g' X, z_" vEfg.d)g.
g=1 g=1
— - >
Jg(i,t) = —DgV(Iag (EQ 18)
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