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ABSTRACT

The consequences for and specifically the potential
reduction of the performance of research reactors have
been in discussions very often within the last five years
as one of the draw-backs which has to be payed for the
reduction of the proliferation risk at research reactor
plants. Up to now and up to our knowledge the available
results are restricted to unpertubated fluxes. Thus,
this contribution makes the attempt to demonstrate the
consequence of core conversion on an example of a real
experimental facility and - at the same time - on one
that is going to be used in the next decade a lot, i. e.
a cold neutron source (CNS).

Basic Considerations on Cold Neutron Sources

For those who are not that familiar with a CNS a few figures will de-
monstrate this device roughly. For those who know the principles of a CNS
we will only point out one aspect in more detail, i. e. the differences be-
tween liquid CNS and supercritical CNS, since one of these differences per-
formes a rather simple measure for adjustment of the CNS to the different
spectra the CNS is placed in.

Basically a CNS is a certain volume of very cold hydrogen 20 to 35 K)
placed in the maximum of the thermal neutron flux in the reflector to slow
down the neutrons inside and to feed these slow neutrons of wave-lengthes in
the to 10 A-region into a beam tube or neutron guide tubes for the subse-
quent experiments (fig. 1). The 'roblems in designing a CNS are mainly re-
lated to

- the safe enclosure of the hydrogen to prevent generation of explosive
mixtures inside the source and to prevent any endangering of the reac-
tor and specifically the core under worst conditions as for example
maximum pressure build up

and

- the removal of the heat generated in the hydrogen and its enclosing
layers to keep the very low temperature for the hydrogen.

446



01 A I FConsortium INTEW

C> C> C>I cl. C>
C14 C'i E!

601 -
C3

oe-

Cold W - Cold hydrogen 09--
from cryo-piont

JONT BOX Vacuum - Cold helium 00, - 1>1 1.2 12
Helium bnket 0�j - I/ -

Hydrogen supply OOL,-

rid standby coling C3,

Out- C�-

0 x
Reflector Core 00� ID

co
Cold moderator chamber 00 co

-1 01
Helum Helium blanket - with hydrogen 09S 1Z3
tilanket

Vacuum
Vacuum containment LO C3,

E
<

cold

neutron Nfthw guides I

Beam holeL

)4.1 n4Djadwal

COLD NEUTRON SOURCE PHASE DIAGRAM OF H2 Fig. 2
LOW TEMPERATURE REGION



The source our investigation is based on has therefore three protecting
walls, the moderator chamber, the vacuum enclosure and an outer helium con-
tainment (see fig. 1) as well as a forced circulation of supercritical non-
liquid) hydrogen (see fig. 2 to avoid any phase transitions with their re-
lated pressure differences and to avoid helium flooding of the CNS for cooling
in case of loss of the cryogenerator. The inherent advantage of the design is
the possibility to change the hydrogen density by changing the hydrogen tem-
perature in a wide range. Thereby the number of hydrogen atoms a neutron will
see in the cold moderator can be adjusted to an optimum by determining the
gain in an experiment.

It is to be mentioned here for clearness that changes in hydrogen den-
sity are equivalent to changes in cold moderator thickness in direction of
the neutron beam when optimizing the source in relation to the neutron spec-
trum, but density changes can be carried out after installation and changes
in moderator volume thickness not.

The BER-II in brief 

Besides the CNS there is a reactor to be selected for the investiga-
tions. The reactor core and reflector chosen for this report is the 10 W
core of the BER-II surrounded by a 32 cm thick beryllium reflector (fig. 3.
This core is not existing at the moment, but is the planned one for this re-
actor after upgrading from to 10 MW. As long as HEU-fuel will be used, the
loading per fuel element will be 180 g U235. The element foreseen at the
moment when converting to LEU is 204 g U235, reflecting somewhat more than
the additional loading for the standard fuel conversion with Be-Reflector

3 . The beryllium reflector made from big blocks is designed for flux
enhancement at beam tubes and at the position of the CNS. Due to the
rather steep flux peak in beryllium the positioning of beam tubes 2 and
of the CNS has to be investigated in detail. This task was carried out for
the CNS with roughly the same model as described below.

Calculational bases and related modelling

Since the installation of a CNS should in any case be accompanied by a
possibility to optimize the design by calculations with respect to the re-
lated reactor core and reactor reflector, INTERATOM has set up a calculatio-
nal model based on specific cross section generation for the cold moderator
(code LHK) and two dimensional transport calculations (code DOT) with speci-
fic evaluation of results. It is planned to extend these set of codes by a
further one which enables us to simulate neutron guide tubes coupled to the
CNS, but this work could not be completed up to this meeting.

To make sure that we can trust in the results the measurements carried
out at the supercritical CNS in the RISO-DIDO-reactor 4 were recalcu-
lated (fig. 4 with good agreement.

As mentioned a specific simulation model was used for the BER-II. For
the differences resulting from the HEU-LEU-conversion the BER-model was
somewhat simplified to avoid complications from local water gaps in the re-
flector (fig. 5). The model simulates the core, the reflector, the CNS and
the beam tube in a RZ-geometry.
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The different parameters varied in the calculations so far are:

- the fuel in the core

180 g U5 per FE with 90 % U5 with zero burnup as well as with 20
burnup

204 g U5 per FE with 20 w/o U5 with zero burnup, 20 % burnup and

mixed burnup (fresh fuel outside, burned fuel in the centre)

270 g U5 per FE with 20 w/o U5 with zero burnup only.

The latter loading was taken into account to demonstrate the conse-

quences of an extreme U235-loading on the CNS as an experiment facility

after conversion. All these variations used a 50 mm thick moderator

cell.

- the thickness of the moderator chamber simulating the density of the

cold moderator in an easy way

40 mm H2 with T 35 K

50 mm H2 with T = 35 K

60 mm H2 with T = 35 K

80 mm H2 with T = 35 K

Some cases include additional results with an empty moderator cell to get

gain factors for the cold neutrons from calculations

- empty cell with 10 g U5 per FE, fresh fuel

- empty cell with 204 g U5 per FE, mixed burnup.

Besides the cases and the geometry the energy structure is of interest;

figure 6 supplies the group structure used in the 2 dim. transport calcula-

tions. This structure is made such that the condensing of energy groups is

mostly carried out in the fast and the epithermal energy region and the

structure at low energies remains very detailed.

Results of Calculations

To get a basis for assessing the influence of the conversion to the

gain factor the first figure of results (fig. 7 shows the gain as +the ratio

of the z-directed flux 6 z with and without cold hydrogen ( - J + )

versus the neutron energy . The two histograms in the figurezonly aemonsfrate

the difference resulting from the selections of different local reference

points for the calculations without cold hydrogen, but these differences are

rat'.'Ier small. All subsequent figures only use the experiment-directed side

of the moderator cell for the fixpoint of flux values. But before showing

conversion-related results clarifying of the expressions gain and gain fac-

tor is needed.
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Gain is used for 4I relative gain means dividing the gains for two
cases with cold moderator whereas gain factor is the quotient of the gain
with and without cold moderator. The figures for gain factors are always
ta.ken for a rather small central area of the moderator chamber, but due to
radial decrease of j6 along the radius of the cell (fig. 8) any realistic
ga-n factor will be lower (� does increase with radius for empty cells).
Under conversion aspects it Ras to be stated that the results of fig. are

valid for HEU as well as for LEU. The axial view to the CNS for the in-
tecral flux density demonstrates distinctly how the slow down of the neu-
trons takes place (fig. 9.

The next figure (fig. 10) is fully conversion related. The two lower
histograms therein compare the gain of the two LEU-fuels 204 g U5/FE, 270 g

U5/'FE) with the HEU-basis (180 g U5/FE). A reduction of the gain of 2 
(204 g U5) and 17 270 g U5) is found for fresh fuel in the core. The
17 are somewhat unrealistic due to the too high loading of the core. A
real comparison must take into account a burnup state which supplies about
thE' same reactivity of the core. The more interesting result is the small
reduction of 2 for the realistic loading of 204 g U5/FE taken at the centre
of the moderator chamber surface in beam direction and valid for all low
neutron energies of interest.

To extend the before mentioned results somewhat further comparison were
also carried out for partially burned cores and for a mixture of burned and
fresh fuel in the LEU-core with 204 g U/FE against fully fresh fuel. The
upper part of figure 10 supplies the results. Basic outcome is as to be ex-
pected the improvement of the gain by softening of the core spectrum, which
is between 16 and 20 for the three cases investigated. The greatest im-
prcvement at 20 % burnup is with the HEU-fuel 20 %) and the lowest with the
204 g U-LEU-fuel 16 %), whereas the core with mixed burnup is in between
(19 %). he higher improvement of the HEU-case has to be evaluated under the
aspect of the real equivalence of the LEU-case with its equal 20 %) burnup
as for the HEU-core. From conversion calculations we all know, that same loss
of U5-content leads to lower loss in reactivity for LEU-fuel, which means on
the other hand that an equivalent LEU-core has to have a burnup somewhat
higher than 20 This enlargement of burnup would reduce the differences of
20 - 16 = 4

In conclusion one could state that without changing anything at the
CNS the reduction in gain are going to be in the range between 2 and 6
for pure conversion, i. e. selection of a equivalent fuel without much
higher U235-loading than necessary.

The final question we put on us was: Is there any possibility to over-
come even those small drawbacks of the conversion by changing parameters of
the CNS. If the CNS is to be designed for the LEU-core from the beginning
there are of course many such parameters (geometry of moderator cell, posi-
tion of moderator cell, operational temperature). But there is less freedom,
if the CNS is already there.
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For the supercritical CNS there is one parameter that is always be used
for adjusting the gain or the gain factor to an optimum. When changing the
temperature of the cold hydrogen the density is changed in a rather wide
range (fig. 2 and such density changes contribute to optimization of the
performance. This is demonstrated in fig. 11. The thickness of the modera-
tox was changed from 40 to 80 mm contributing to higher gains with remarkable
slope at the beginning (up to about 60 mm thickness) and tending to reach a
certain maximum at about 80 mm thickness at 35 K moderator temperature
(9 H2 0.020 g/cm'). The changes of moderator thickness were used to simu-
late the change of the number of hydrogen atoms contributing to the slow
down o neutrons. The same effect could be reached by lowering the tempera-
ture of the moderator. At 28 K 0.064 g/cm') fig. 11 shows (indicated
by the arrows) a strong increase the gain factor which cannot be explained
by density changes only.

But at least the figure demonstrates that the adjustment of the tempe-
rature gives an effective measure to optimize the gain factor and to over-
come such small changes of gains resulting from core conversions in case of
a supercritical CNS.
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