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INTRODUCTION

The results of the reference paper, which came to our attention for the first time during this
RERTR Meeting /1/, are more or less consistent with neutronic data we have obtained earlier
within the FRM-11 project (i.e. with own calculations and extrapolations). However, a realistic
comparison of the HEU design of the FRM-11 (HEU = highly enriched uranium, 93 U235) with
an alternative LEU design (LEU = low enriched uranium, 20 U235) is only possible on the
basis of identical assumptions on the input parameters and has to consider more than neutronic
data only. In this respect two corrections, as discussed below, first have to be performed in /I/
before a comparison of the performances of the two designs can be established.

KEY FEATURES OF THE HEU AND ALTERNATIVE LEU DESIGNS

The single fuel element of the "compact core" of the FRM-II uses HEU silicide fuel at a maximum
3density of the uranium component of 30 gU/cm At only P = 20 MW power a maximum thermal

neutron flux h= 8 10" cm-'s-' is produced outside of the core during a reactor cycle of T = 0
days 2/. Its optimized cold source will render the FRM-II to be most effective for the utilization
of cold neutrons.

3Any alternative design based on LEU silicide fuel of higher density - in particular of 48 g/cm
the present technological maximum, which however still has to be qualified for its use in high flux
reactors - would have to reproduce two key features of the FRM-II: its thermal neutron flux h
outside of the core and its cycle time T. In contrast to this, the reference paper /I/ assumes T = 30
days, i.e. a significantly lower cycle time. For reasons of maximum experimental utilisation
(minimum shutdown and maintenance time per year) and economic operation, however, the 0
days cycle is an important feature which has to be maintained.

There are, in addition, important technical restrictions which have not been considered at all in /I/.
The width ("length") of the involute plates of the FRM-II fiiel element is 694 cm 6.83 cm in /1/)



whereas the reference paper /I/ obtains 915 cm for the alternative LEU design. Even if the
somewhat lower power density and, therefore, coolant flow velocity is taken into account, this
large value of the plate width could never guarantee the required plate stability. Therefore, a LEU
core having the same values of Oth and T as the FRM-II would have to consist of two fuel
element rings (instead of one) and the power would have to increase, due to the wider structure
of the core, to a value of the order of P ;z 40 MW. According to our own investigations we
assume that the active volume of the LEU core would still be larger than that of the EU core by
only a factor of about 25 as in the reference paper /I/ (always under the condition that fuel with
4.8 gU/cm 3 could really be qualified for this purpose). Since this is consistent - for unchanged
values of both h and T - only with an optimized lattice cell structure being different from that in
/1/, it is clear that there remains essentially no potential of further optimization. This means that
the optimization potential as mentioned in /I/ has already been exploited for the alternative LEU
core as discussed in this paper.

COMPARISON OF THE TWO DESIGNS

On the basis of these realistic data of an alternative LEU core, which also take technical
restrictions into account, the following comparison can be made with the HEU design of the
FRM-IL

1. The higher power (factor of 2 of the alternative LEU design leads to a correspondingly higher
intensity of fast neutron and gamma radiation which strongly reduces the performance of the
reactor with respect to its experimental utilization (in spite of Ohbeing the same). This means
that much longer measuring times would be required for the neutron scattering experiments in
the reactor experimental hall, because of the higher background, to arrive at the same signal to
noise ratio. This also means, and even more important, that the heat input to cryogenic
installations near the core, in particular to the cold neutron source, would be higher whence
such installations would have to be positioned further away from the core where the thermal
neutron flux is significantly lower. For a source as the FRM-II, which mainly aimes at the
utilization of cold and ultracold neutrons (its main cold source supplies more than 50 % of the
experiments), this would represent a strong penalty which could not be accepted.

2. The larger core and higher power would require a new design of the reactor and a new nuclear
licensing procedure. Since these are very complicated and time consuming issues, a delay of
the project by years or more could not be avoided. In contrast to this, the FRM-II project
expects the first partial nuclear licensing permit by the end of 1995 and the construction will
begin immediately after that.



3. In spite of this delay an appreciable risk of technological failure would arise. This is mainly

because the uranium sicide fuel of particularly high density 4.8 gU/cm 3), which has been

assumed in the LEU case /1/, may not behave so reliably and safely during irradiation at higher

power densities and, therefore, higher temperatures as indicated by first irradiation test results.

Fuel of even higher density 6.4 gU/cm 3 as also mentioned in /1/) is utopic and need not be

discussed here since its eventual qualification is questionable and could seriously be discussed

only after a development program of about 10 years or more (having a high risk of failure).

Other risks arise from further technical design changes necessary for the LEU design or from

possible changes in the political and public support or in licensing requests.

4. The higher reactor power and, even more, the repetition of technical design and nuclear

licensing procedures and the long delay time would lead to a strong increase in the total capital

costs (estimate more than 200 Mio DM). The costs of operation would strongly increase, too,
since the much larger fuel element with two rings and about three times the number of plates

would need much higher efforts to fabricate and, after its use in the reactor, would require

more space both during long term interim storage and in the final geological repository

(estimated total increase of about 300 Mio DM during 30 years of operation, all in 1994

money).

5. A LEU desian would have a significantly higher nuclear risk potential than the FRM-11. The

inventory of radioactive fission products would be higher by 100 because of the doubled

power. The production of plutonium would even increase by about 2000 because of the

additional effect that the U238 isotope, which is the starting material for this, is contained in

HEU and LEU fuel with about 7 and 80 %, respectively. Considerations of this sort are

particularly important in a country as Germany.

6. Finally, the alternative LEU design would also lead to less pronounced inherent (i.e. passive)

safety features. For understanding this it is important to realize, first, that the EU fuel

element of the FRM-11 is so compact that it is difficult to get critical at all. Only in its proper

FRM-II reactor environment - with beryllium, light water and heavy water moderators - high

initial reactivities are obtained (e.g. a multiplication factor kff ;z 1 19 as in /1/). But in mere

light water the HEU fuel element would not get critical at all, and similarly favourable

behaviour is obtained for postulated accident scenarios in the reactor (coolant voiding, light

and heavy water exchange, etc.). Second, only because of the low power of 20 MW the total

decay heat of the FRM-1I reactor, after being shut down, could be absorbed by the large pool

water inventory without any need of recooling. And it is, third, also because of this low power

that even in the accident of an air plane crash on the FRM-II reactor building where the

postulation is made that the core melts under water and the air ventilation system breaks down



(the building structure withstands, but the confinement gets leaks) no evacuation of the
population is required at all, not even directly from the site. It is the experience we have gained
during the nuclear licensing procedure of the FRM-II that a research reactor with a power of
more than 20 MW would have difficulties to get licensed at all in Germany at the time being.

CONCLUSION

Serious scientists and experts should not confuse the politicians with academic studies touching
some aspects of the full story only. The comparison above has shown that the performance and
reliability of the FRM-II design, which uses HEU fuel, is so advantageous that it can not - not
even approximately - be met by an alternative design using LEU fuel. A change of the FRM-II
design from HEU to LEU fuel with the results as shown above - i.e. less performance, higher
costs, more nuclear waste and higher risk potential, and all of this with a delay of at least years -
this could never be justified.

If a future development of more advanced fuels should allow us to achieve our scientific goals at
the conditions as identified above also with uranium of reduced enrichment - there would be no
objection to a corresponding later conversion.

Activities to realize a new neutron source in Germany go back to the late 70's with the project of
a new middle flux beam reactor (NISR), which was abandoned shortly later in favour of an
ambitious new spallation neutron source (SNQ). After this project also having been terminated
around 1985 because of too high costs and technological risks, the hopes of the German
community of neutron scientists focussed on the FRM-11. If non-technical pressure would damage
this project this would equally provide irreversible damage to the large and still prospering field of
neutron research in Germany. There is no alternative: the FRM-II has to be realized as it has been
designed - now!
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