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Chapter 1

SODIUM COOLED FAST NEUTRON REACTORS

INTRODUCTION

(H. Ceulemans)

The R&D effort on sodium cooled fast neutron reactors was carried out, williin the DEBENE-association, as a supporting
programme, in parallel with the design and construction of SNR-300.

Two important events have taken place in 1982. In September, the authorities of the State of North-Rhinc-Wostphalia delivered the
last still outstanding partial construction permit which covered the installation of the reactor tank and its internals, the large
components of the sodium loops, the reactor protective system, the rcventing system and emergency power system and other less
prominent items. More important, however, was the report accompanying the permit; therein it was concluded that for SNR-300 all
conditions can be fulfilled for a safe operation of the power plant.

The second important event occurred on the political scene. In 1978, the German Federal Parliament had decided that the
construction of SNR-300 could proceed but that the operation of the plant was subject to the outcome of a debate followed by a vote.
The preparative work was entrusted to an "Enquete Kommission" (Commission of Inquiry). The report and the recommendation of the
Commission were submitted late September. In the first days of December the Federal Parliament followed the recommendation and
lifted the provisional prohibition on SNR-300 operation.

The Commission, before giving its recommendation, had ordered two studies, one of which was a risk study carried out under the
supervision of the CRS (Association for Reactor Safety). The study arrived at the conclusion that SNR-300, due to its multiple
redundant safety provisions and its in-depth containment system, presents less risks than a reference LWR power plant.

An indirect effect of the parliamentary vote was an improvement of the financial situation due to a larger participation by the utilities.

With commercial operation of SNR-300 expected by IS .7, the overall R&D effort at S.C.K./C.E.N. is clearly diminishing. The
major sectors of fast neutron reactor-related activity were, as in previous years :

- mixed oxide fuel fabrication and irradiation testing;
- development of improved structural materials for the reactor core;
- physics of fast neutron reactors and neutron dosimetry;
- safety of fast neutron reactors;
- sodium coolant studies;
- mechanical tests on components.

1.1. MIXED OXIDE FUEL

1.1.1. FUEL FABRICATION STUDIES
(A.J. Flipot, R. Gilissen, A. Smolders, J. Sleurs, P. Diels)

Within the DEBENE-association, Belgium will supply 40% of the first core of SNR-300 and, it is expected, also 40% of the reloads.
Whereas the SNR-300 Mkla fuel has low density, the specification of the reference fuel for the reloads calls for a high-density, high-
solubility fuel. In line with this, S.C.K./C.E.N. has embarked, some years ago, on a fuel development programme which uses the
techniques of co-precipitation of U and Pu, combined with gclification to avoid problems associated with the dry processing of
powders. Since BELGONUCLEAIREhas chosen the MIGRA process for its future fast reactor fuel fabrication, the development
of the COGEPEL process has been slowed down. However, in the long run this process remains attractive for fast neutron reactor
fuel fabrication because it suppresses dust formation and consequently personnel exposure, it is more appropriate for remote
handling and produces less contaminated effluents than equivalent processes.

1-1
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1.1.1.1. Development of the COGEPEL process

The COGEPEL programme deals with the development of a new fuel fabrication route based on the use of coprecipitated (U,Pu)O2

kernels. The method has been chosen because it is expected to present advantages in the areas of fuel quality, personnel safety,
proliferation resistance, environmental aspects and costs. A flow diagram of the COGEPEL route is shown in Fig. 1.1. The objective
of the work is to define fabrication parameters of the kernels in order to obtain a dust-free product that can easily be pelletized and
sintered to high-density pellets (> 95% T.D.).
These activities have been continued albeit at a lower level than during the previous year due to a reduction of the staff. The effort
has been concentrated on the EGU-like method (EGU stands for External Gelation of Uranium), because it seems to offer potential
advantages for future industrialization such as absence of organic compounds, less contaminated effluents and less corrosive
products.

1-2
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Several steps in the fabrication process have been further investigated :

a. Influence of the gelation conditions on the reproducibility of the characteristics of the microsphercs.

- A variation of the ammonia concentrations (7 and 14 M) in the gelation bath shows that this parameter hardly influences the
quality of the microsphercs. Small differences in the sintering rate of the different batches have been observed during the final stage
of sintering but the final densities of the pellets were very similar. A small drift of the ammonia concentration in the gelation bath -
which could result from the fact that gelation occurs in an open system - has therefore no real drawbacks.

- Changes in the gelation temperature do not seem to affect the characteristics of the product if they remain within the temperature
range ofl5 to 30°C.

- Differences occur in the residence time of the microsphercs in the gelation column, as they arc formed continuously and fall into the
gelation column where they remain until they are transferred in bulk to the washing column. Moreover, gelation produces a certain
quantity of NH4NO3 which contaminates the gelation bath. These differences do not basically alter the characteristics of the
microspheres although too high a concentration of NH4NO3 in the gelation bath tends to decrease the sintcrability of the product.
In summary, the three gelation parameters investigated within a technologically useful range did not show a measurable influence
on the quality of the microsphcres produced.

b. Washing

By controlling the degree of elimination of NH4NO3 from the microsphercs, it was found that the washing degree has a slight effect
on the apparent density of the microspheres, the best rinsed spheres having the highest apparent densities. The sintering rate during
the final stage of sintering is also higher for the best rinsed spheres. However, no significant differences in sintered densities could be
evidenced.

c. Aging

Whereas the gelation and washing parameters arc not critical, the aging step on the contrary must be carefully controlled in order to
obtain spheres with good pcllctizing behaviour [333]. New experiments have confirmed that suitable particle qualities can be
obtained by controlling the ammonia concentration in the aging bath as well as the time and temperature of the process. As a rule,
the aging time decreases with increasing temperature.
The apparent density drops drastically during the first two hours of aging at 80°C and continues to decrease thereafter, but at a
slower rate. A similar result can only be obtained after weeks if aging occurs at room temperature.
A decrease in apparent density means an increase in plastic deformability of the microsphercs and a decrease in green densities after
pellctizing. Appropriate aging conditions such as 3 hours at 80°C arc also necessary to reach high sintered densities. Sintering rates
controlled by dilatomctry show an identical profile for all aging times.
Short aging times yield brittle and hard spheres. When pcllctizing such spheres, there are many stacking voids between them and it
is impossible to reach high densities due to the residual large pores.

d. Calcination and reduction

After being dried, the U-Pu(30 wt.%) spheres arc calcined in streaming air at 700°C and reduced under streaming Ar-H2(5 vol.%) at
550°C. However, both operations can be replaced by calcination in a reducing atmosphere. Calcination and reduction temperatures
must be properly controlled to achieve a homogeneous product. As the reduction temperature is fairly low, incomplete reduction
may occur at the extremities of the furnace if the temperature gradient is high. If so, the batch may contain both UO2-PuO2 particles
and U3O8-PuO-, particles, which arc mixed in the green pellets; this gives rise to large characteristic pores and in extreme cases to
complete cracking of the pellets. The reduced microsphercs arc very reactive towards oxygen : it is therefore recommended to
passivate them prior to any manipulation under air. In this way an excessive heating due to a spontaneous oxidation can be avoided.
Passivation can be achieved by exposing the microsphercs during 24 hours to the nitrogen atmosphere of the glove box which
contains some oxygen as impurity.

c. Pellctizing and sintering

The microsphcres are pellctized with a double acting press, using a lubricated die. After 4 hours sintering under flowing A-H,(5%),
the pellets usually reach densities above 95% T.D. (Fig. I.2.).
Nevertheless, some batches of microspheres which arc apparently identical, sometimes behave differently during sintering and
yield pellets of lower density. This unidentified change in the powder characteristics is thought to be the consequence of minor
variations in the feed preparation. Experiments with feed solutions which contain all ingredients except plutonium have shown a
correlation between the preparation temperature and the apparent density of the spheres as well as the green and sintered density of
the pellets. An effort will therefore be devoted next year to the study of the quality of the feed solution.

i.l.l .2. Development of equipment

A gelation equipment supplied by KFA and used for experiments on the fabrication of UO2 microsphcrc has been adapted for
plutonium work. The apparatus is mounted in a glove box and has been tested.
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Fig. 1.2. View of a sintered COGEPEL pellet

1.1.2. MIXED OXIDE FUEL IRRADIATIONS (G. Blondccl, R. Boden, A. Delbrassine, A.C. Dcmildt, P. De Regge, D. Huys, A.
Gijs, J. Ketels, F. Moons, J. Van De Velde, C. Van Loon)

The development of a fast neutron reactor fuel type, of the assemblies in which it is to be incorporated and of the techniques to be
used for its fabrication, all require a long and sustained irradiation effort. S.C.K./C.E.N.'s contribution has been integrated in the
large cooperation between the DEBENE-countries and FRANCE-ITALY on fast neutron reactor technology. The main irradiation
facilities at our disposal arc the reactors BR2, KNK-II, RAPSODIE and PHENIX. The experiments and the associated post-
irradiation work is aimed cither at improving our understanding of the behaviour of the ceramic fuel material including some
important items such as the fuel-cladding interaction, at providing a qualification for the concept and the fabrication techniques or
at studying the fuel behaviour under special conditions such as power transients.

Examples of experiments on fuel behaviour are M0L-7D, CFC-06 and CFC-08, FARFADET and POUSSIX. The experiments
RAPSODIE-II (sometimes also designated as SNR-4) and KNK-II/1 arc examples of bundle experiments intended to provide a
confirmation of the data base for design of fast reactor fuel assemblies. The decision to stop the RAPSODIE reactor is a serious
drawback in this respect. Additional data are expected from irradiations in PHENIX which are being prepared. KNK I/I also
provided the opportunity of a fuel fabrication qualification test.

1.1.2.1. Mixed oxide fuel behaviour experiments

1.1.2.1.1. M0L-7D post-irradiation examination

The M0L-7D experiment was irradiated in the BR2 reactor from mid-1975 till October 1976. It consisted of a 19-pin bundle with
integrated fin cladding in steel alloy WN-1.4988. The maximum burnup was 75 MWd/kg(M).

a) Metallographic tests

In order to have a better understanding of the irradiation behaviour of one of the fuel rods (O/M fuel stoichiometry: 1.996/2.021) of
this experiment, KfK has requested a supplementary examination programme to be carried out in LHM A. Remaining parts of fuel
pin B3 have been conditioned for metallographic examinations.

Three cross-sections, two at the lower part and one at the upper part, have been examined on fuel-cladding chemical interaction.
Central void formation was noted in all specimens.
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The central void of two samples was surrounded by disturbed and very porous fuel material. A more regular central void and
columnar grains have been observed in the third sample. Radial cracking occurred in all specimens; some areas show large wedge-
shaped cracks in the outer fuel region. Microscopic examination of the fuel-cladding interface revealed several types of chemical
interaction.

In one case the inner cladding surface is relatively clean, the formation of the corrosion products being confined to a single thin band
or to a few isolated regions on the inner surface. The fuel-cladding gap still exists and no intcrgranular corrosion of the cladding was
observed.

In the two other cases the reaction products fill completely the fuel-cladding gap all around the pellet circumference. The corrosion
products adhere to the inner surface of the cladrjing and exhibit a metallic nature and various phases displaying different colour
gradations.

Examination of the cladding of the sample with a regular central void revealed no significant grain boundary attack; locally the grain
matrix desintcgratcd resulting in cladding wall thickness reduction. The reaction might depend on close fuel-cladding contact as the
thickness reduction of the cladding is less important opposite the wide cracks in the outer fuel region.

Examination of the cladding of samples with disturbed fuel revealed intcrgranular corrosion to a depth of maximum 36 urn. A
corrosion phase along the grain boundaries resulted in extensive grain boundary separation and in detachment of several grains at
the inner cladding surface. Locally the grain matrix desintcgrated, resulting in cladding wall thickness reduction.

b) Burn-up determination for the M0L-7D experiment

Burn-up determinations have been carried out on six samples of the MOL-7D fuel bundle. Good agreement was observed between
the data obtained from the different neodymium isotopes. As expected from the migration of l37Cs and """Ru, observed in the axial
distributions of those isotopes, the agreement with the nccdymium results is poor. The data derived from l44Cc show a systematic
deviation of about 6% which is probably due to insufficient knowledge of the in-pile decay correction factor because of poor data on
irradiation history.

In all samples except one the Pu/(U+Pu) ratio after irradiation is 0.295 ± 0.005. In the sample from rod C6 this ratio is unexpectedly
low at 0.231 and at the same time the uranium remaining in this sample would represent 97% of the supposed initial quantity,
instead of an expected 91 "/„. The only plausible explanation is a local inhomogencity in the original fuel with a Pu/(U+Pu) ratio close
to 0.23.

The burn-up results arc given in Table 1.1. The absolute errors arc of the order 0.1%, including systematic errors. The statistical
errors are about 0.05%.

TABLE I.I.
Bum-up results ofM0L-7D experiment

(in at."/„ of initial heavy metal)

Sample

BU 1
BU2
BU 3
BU4
BU 5
BU6

Rod

C6
C7
B3
B2
B2
B2

.43 + 144Nd

8.89
9.09
6.56
5.58
7.35
5.29

145 + I46NJ

8.83
9.16
6.62
5.64
7.40
5.33

i48 N d

8.86
9.15
6.69
5.62
7.42
5.31

!50N d

8.98
9.15
6.56
5.60
7.46
5.28

1.1.2.1.2. CFC-06 and CFC-08 parametric irradiation experiments

The CFC-06 and CFC-08 irradiation experiments were devoted to the comparison of the chemical fuel-cladding interaction for
various advanced cladding materials.

The CFC-06 device was loaded in the P41 channel of the BR2 reactor in November 1981 and unloaded in February 1982. Axial y-
scanning carried out immediately after unloading revealed some important features about fission product and doping element
location. Eddy current examination showed a high penetration depth for every canning material type. Axial y-scanning carried out
six months after the unloading confirmed that 3 pins had failed: two with ferritic steel cladding and one with Incoloy 800.

1-5



The CFC-08 device was loaded in February 1982 and unloaded in May 1982. The linear power increased from 400 \V/cm up to 560
W/cm during the irradiation campaign and the inner clad temperature was maintained between 590°C and 650°C. During
dismantling a large failure was observed in a fuel pin with a high-nickel alloy cladding.

All other non-destructive tests on CFC-08 pins and destructive examination on CFC-06 and -08 pins are planned for 1983.

1.1.2.1.3. POUSS1X and FARFADET experiments

POUSSIX is a parametric irradiation experiment in PHENIX with the objective to compare the influence of the smeared density
and of the gap width on the pin behaviour at high burn-up. Out of a total of 12 pins with high-density, high-solubility fuels, 4 will be
fabricated by S.C.K./C.E.N. and BELGONUCLEAIRE. The pin cladding will be SNR-300 Mkll reference material (WN-
1.4970.CW) with the exception of two pins made of ODS ferritic steel (DT2203YO5). The specifications for the fuel pin
manufacturing have been issued. BELGONUCLEAIRE will supply the pellets for the "Belgian" pins.

FARFADET is a parametric irradiation in BR2 which is intended to study the behaviour at bcgin-of-lifc (BOL) of SNR-300 Mkll
fuel. The high-density fuel pellets for this experiment will be supplied by ALKEM and the fabrication at S.C.K./C.E.N. and BN is
planned for 1983.

1.1.2.2. Fuel bundle experiments

1.1.2.2.1. RAPSOD1E-1I experiment

The RAPSOD1E-11 fuel bundle containing 19 pins with SNR-300 Mkla fuel and cladding material specifications but with Mkll
dimensions and with spiral-wire spacers, was dismantled in the LDAC laboratory at Cadarache.
Non-destructive examinations of the wrapper tube and of some fuel pins were carried out. The main results can be summarized as
follows :

- slight deformation of the inner wrapper tube;
- radial deformation of pins of about 1%;
- shortened fissile column (AL ~ -3 mm);
- small defects revealed by eddy current tests generally located in the upper half of the fissile column;
- accumulation of cesium at the interface between the lower blanket and the fissile column and at the bottom of the lower blanket.

To gain additional data, some non-destructive measurements were planned in ATH A and LHM A cells at S.C.K./C.E.N. During the
examination of pin nr. 107 an unexpected canning failure occurred at the lower plenum level and revealed the presence of cesium
under chemically active form (liquid metal or aerosol). The physical and chemical state of cesium was confirmed by the fact that
cesium was found at the bottom of the lower pin plenum demonstrating the cesium migration at room temperature (30 - 40°C) during
transportation from Cadarache to Mol. This result invalidates the hypothesis according to which the chemical oxygen potential in
mixed oxide fuel pins increases with burn-up.

1.1.2.2.2. KNK-I1/1 fuel pins

A fuel bundle fabricated by BN-S.C.K./C.E.N. for the KNK-II reactor failed after a rather short in-pile residence time. It has tobe
kept in mind that, during the start-up period, the reactor showed uncommon power fluctuations and that troubles occurred because
of entrapping of cover gas which eventually flowed through the core.

Preliminary examinations on KNK-1I/1 fuel pins made by KfK/IA have been discussed during an interlaboratory meeting.
Proposals for a PIE-programme to be carried out at S.C.K./C.E.N. have been presented at that occasion.

The non-destructive testing programme has started in LHMA on 24 pins with a stereo visual inspection and photography together
with a detailed eddy current examination.

The defect which was observed in one of the fuel pins has apparently to be attributed, to vibration in combination with deep
corrosion of the inner cladding surface. The results seem to correlate th'c penetration depth with manufacturing history.

1.2. MATERIALS
(J.J. Huct)

The advantages of oxidc-dispersion-strcnghtened (ODS) ferritic steels for use as fuel canning material in fast neutron reactors have
to be demonstrated by irradiation experiments. The demonstration programme was actively continued as a whole, but individual
activities were delayed for various reasons.
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The first part of the irradiation programme consists of experiments whereby second generation canning materials (e.g. WN-1.4970)
or alternative canning materials (such as the ODS fcrritic steels) are irradiated in order to study the combined influence of fast
neutron fluence and temperature on their mechanical properties. Experiments such as R1PCEX-11, PFR-M2, ISIS and OASIS
belong to this group. The irradiations take place in the reactors RAPSODIE, PFR and BR2.

The second category arc full-fledged fuel bundle experiments. Their goal is to demonstrate the maturity of a particular material as
fabricated, and to assess its performance with respect to the standard materials. An example of such experiment is 1DEFIX which
will be introduced in the PHENIX reactor. Experiments of this size arc usually preceded by smaller scale precursors consisting of a
number of pins irradiated in capsules or simply inserted among the standard pins of a regular fuel element. Precursors for IDEFIX
are CARAFE and COUCOU (now renamed FETICHE) in the reactors RAPSODIE and PHENIX, respectively.

One of the reasons for delay in certain parts of the programme is the decision, taken by the French CEA after a long evaluation
period, to stop definitively the RAPSODIE reactor. This decision has affected the CARAFE experiment which has received a total
neutron fluence equivalent to about 20 dpaF only, which is too low to be useful. It also seems impossible to continue this experiment
in one of the operating fast neutron reactors.

The stop of the RAPSODIE reactor also affected the RIPCEX-II experiment which has accumulated a maximum fluence
equivalent to 55 dpaF approximately, instead of 75 dpaF, as planned. The second intermediate examination, which now may well
become the final one, has shown that fcrritic steel docs not swell significantly up to the accumulated dose, in the temperature range
of 400 to 500°C. In the upper part of this range, the irradiation creep is close to zero. The possibilities for continuing this irradiation
in another reactor and completing it as planned, are being investigated.

Difficulties in relation with the COUCOU-IV experiment have been overcome and the irradiation is planned to start by the middle
of 1983.
A problem which, by the end of 1982, was not yet completely solved relates to the transmission of fabrication know-how covered by
patents held only in part by S.C.K../C.E.N. and on which the Usines Emile Hcnricot (UEH) have certain rights. This has caused
delay for the IDEFIX experiment which is the large-scale irradiation in PH ENIX of two fuel bundles with integral ODS fcrritic steel
pin cladding.

In the field of cladding tube fabrication, some favourable results can be reported. Powders prepared on a small pilot scale by the
industry (UEH), have proved to be of excellent quality and rcproducibility. Difficulties encountered when fabricating tubes for
irradiation experiments have been overcome. The grain size was controlled by suitable heat treatment.
Non-destructive testing methods were also improved. Mechanical testing, mainly creep testing, has shown an excellent
rcproducibility from batch to batch. It also appeared that the ODS fcrritic alloys tested were not sensitive, within certain limits, to
variations in the oxide content. This characteristic allows a wider range of specifications and consequently a greater fabrication
flexibility.

1.2.1. FABRICATION OF CLADDING TUBES
(L. De Wilde, J. Gedopt)

1.2.1.1. Tubes for the COUCOU-IV experiment

The COUCOU-IV experiment (see also par. 1.2.3.2.) consists of the irradiation of six fuel pins with fcrritic steel canning material
which are to be loaded, along the pins with standard canning material, in a regular PHENIX fuel assembly. Three ofthesc pins are
made of DT2906 alloy, the other three of DT2203YO5 material. Work on the latter was finished and reported last year. During the
current reporting period the fabrication of the cladding tubes was continued starting from extruded DT2906 alloys. The powder
preparation was carried out at UEH on a pilot scale. The rcproducibility of the composition is excellent as was also observed
previously for DT2203Y05 alloys.

The same cold drawing scheme as for the DT2203Y05 cladding tube was applied involving two intermediate annealing treatments.
In DT2906, no obvious difference in structure between longitudinal and transverse sections has been noticed; in the case of
DT2203Y05 a pronounced elongation of the grains in the axial direction was observed.

The COUCOU cladding tubes have been uitrasonically tested in the solution-annealed condition using an existing reference, based
on SNR specifications, containing artificial defects. For some of the DT2203Y05 tubes, a number of defect signals, slightly above
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the rejection level, has been observed. Subsequent stereoscopic control revealed these defects to be longitudinal scratches which
were caused by loading and unloading the muffle tube for final annealing in the induction furnace. This mechanical damage has now
been completely eliminated. Some difficulties have been encountered in the detection of internal longitudinal defects on
DT2203Y05 tubes. This can probably be ascribed to the elongated grain structure of this material which produces reflection of the
ultrasonic signal of the longitudinal transducer.

A possible solution to this problem is the use of Lamb waves for defect detection. Lamb waves are ultrasonic waves which can be
generated in thin-walled clastic materials. Their generation in a material depends on the frequency of sound, the thickness of the
material and the angle of incidence. In a material with a given thickness, a well established combination of frequency and angle of
incidence may generate Lamb waves. Once such a wave is generated it propagates along the tube.

The difficulty in working with Lamb waves is that there is only a limited number of combinations of frequency and angle of incidence
at which Lamb waves are generated in a material with a given thickness. The specific combinations have to be determined for each
tube diameter and corresponding wall thickness.

A first batch of DT2203Y05 tubes (0 7.60/6.60 mm) has been tested with Lamb waves and the advantages of this tcchiquc have been
confirmed. Each tube to be irradiated in the PHEN1X reactor has to be submitted to a "super control" by CEA at Cadarachc. For
this reason, the COUCOU tubes accepted by S.C.K./C.E.N. control had to be controlled again by CEA (ultrasonic and eddy current
tests) where the same standard defect tubing was used as at S.C.K./C.E.N. In general, a very good agreement between both controls
has been noticed. Only a few tubes have been rejected by CEA because of defects which exceeded slightly the ultrasonic rejection
level while remaining just below this rejection level at S.C.K./C.E.N.

Inside the COUCOU pins there is a support for the fuel pellets which is fixed by a local circumferential constriction of the tube,
something which is easily achieved with high-ductility austcnitic steels. However, preliminary tests on aged DT2203Y05 tubes have
shown that such a local deformation should be carefully controlled in order to avoid damage of the cladding due to the relative
brittleness of the ODS ferritic steels. The constriction by rolling, as applied at our laboratory, failed when the depth exceeded 0.3
mm. Subsequently, constriction tests have been carried out at CEA-Cadarachc where the tube is constricted around the support by
means of a dcformablc compression ring. Dcstructivr and non-destructive examinations did not reveal cracks. This method was
thus further applied without difficulties.

An ODS ferritic steel (DT2203Y05) spiral wire will be used as spacer around the individual fuel pins in the COUCOU-IV
experiment. A provisional fabrication scheme has been established and tested. Because of the relatively high reduction per pass
(15%), determined by the available drawing dies, galling problems occurred when more than two consecutive passes were applied
between intermediate thermal treatments. Given the small amount of wire necessary for the COUCOU-IV irradiation, an
optimization of the drawing scheme is not mandatory but it will be required for a full-scale production and perhaps even for the
IDEFIX experiment.

1.2.1.2. Tubes for the POUSSIX irradiation experiment

In this experiment (sec also par. 1.1.2.1.3.), 2 ferritic steel tubes of alloy DT2203Y05 (0 7.60/6.60 mm) will be irradiated. Six tubes
have been drawn to final dimensions with a commercial oil lubricant without major problems. Approximately 15 m of wire (0 1.20
mm) has also been drawn following the same fabrication scheme as mentioned above. One tube had to be rejected because of a
longitudinal internal defect detected by non-destructive testing.

1.2.1.3. Lubrication

In previous experiments a salt coating combined with a dry soap lubricant gave good results in the drawing of fcrritic steel tubes. At
the laboratory-scale production stage, each tube is thoroughly controlled after coating and if the coating is found to be inadequate
the tube is coated again. In industrial conditions such a control may not always be possible and it was therefore decided to revert to
oil lubrication. A commercial oil has been tested to replace the QD42 oil used before. The viscosity at room temperature of the new
type of oil is much lower than that of the QD42 oil, resulting in somewhat higher friction forces, but the resistance against oil film
breakdown and galling is much better.

1.2.2. MECHANICAL PROPERTIES OF OXIDE DISPERSION-STRENGTHENED ALLOYS
(\V. Hendrix, VV. Vandermeulen)

Tensile tests have been done on a batch of DT2203Y05 tube material in the temperature range between 20°C and 700°C under argon
atmosphere. The powder for this batch was prepared by UEH in pilot-scale mills. The strength of the material tested is significantly
higher than that of a batch prepared in the laboratory, although the microstructure is similar. The pilot-scale fabricated material
exhibits a more wrinkled surface of the elongated grains. The results of tensile tests on rod material from UEH arc comparable with
those obtained on tube specimens.
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Axial creep tests have been made at 600,650 and 700°C on tubes fabricated from a new batch of powders prepared at S.C.K../C.E.N.
The results arc similar to earlier ones. Biaxial creep tests have also been made on material obtained from powders prepared with
pilot-scale fabrication equipment. These results seem to fall in the scatter band obtained with the other material.

Axial creep tests have been done on alloy DT2906, at 550, 600 and 700°C: they are comparable with those of earlier tests which
means that the rcproducibility from batch to batch is good.

Axial creep tests were continued at 500 and 600°C on rod material of alloys with various concentrations in free Ti (1.6 and 2.9 wt.%),
Y2O3 (O.5 and 1 wt.%) and Ti2O3 (O.9 and 2.4 wt.%). The results obtained from a series of tests lead to the conclusion that in the
alloys with Y,O3 addition, the actual amount of Ti2O3 or Y2O3 is not critical, within certain limits, for the strcnghtcning effect. On
the contrary, decreasing the level of free Ti has a pronounced deleterious effect on the creep properties.

1.2.3. IRRADIATION EXPERIMENTS
(A. De Bremacckcr)

1.2.3.1. Cladding material irradiations

Most experiments reported under this heading arc specifically designed as cladding material irradiations. Howeves, some cladding
material is also irradiated taking advantage of free space available in the fuel assembly experiment SAPHIR.

- ISIS (irradiation in BR2 of fcrritic Charpy samples for studies of radiation-induced cnibrittlcmcnt)

The ISIS experiment is running smoothly in BR2. The fast fluencc has reached 7.07xl02' n/cnr by the end of 19S2. Unloading is
planned for April or May 1983 at a maximum fast fluence of lx 10— n/cnr. Parallel out-of-pile tests under NaK. will be carried out in
the Metallurgy Department.

- OASIS (irradiation in BR2 of fcrritic pressurised tube samples for studies of in-pile creep and ageing at high temperatures)

The dimensions of the samples to be irradiated in the undcmountable devices OASIS have been calculated at the Technology
Department. Two devices will be irradiated; each of them will contain 12 samples (two bundles of six half-length tubes which are
mounted on top of each another). The participants in this experiment arc KfK and S.C.K./C.E.N. The fabrication of the
S.C.K./C.E.N. samples has been initiated.

- PFR-M2 (irradiation in PFR of capsules for creep and swelling investigations on various advanced alloys)

The PFR at Dounrcay is running at only one third of its nominal power, which is insufficient for the irradiation of the PFR-M2 rig at
600°C. Up to now, only the 400°C rig has been loaded into the reactor. A dose of 8 dpa(NRT) or about 12 ripaF will soon be reached
and the first intermediate examinations are planned for mid-1983.

- RIPCEX-II (irradiation in RAPSODIE for studies of radiation-induced creep and swelling of samples of various reference and
alternative cladding and structural materials)

Because of the definitive stop of RAPSODIE, the second intermediate examination of RIPCEX-II has become also the final one. It
was carried out at Cadarachc in October and November 1982 and reported in par. 1.2.3.3.

- SAPHIR (irradiation in PHENIX of two SNR-300 Mk-II fuel assemblies with spiral-wire spacers)

Two SAPHIR assemblies will be irradiated in PHENIX by BELGONUCLEAIRE and INTERATOM, up to a dose of 100 and 120
dpaF, respectively. Each of these spiral wire assemblies has a hollow corner pin to make the dismantling easier. It has been decided
to fill each corner pin with 168 samples of various kinds: Charpy samples, cylindrical samples, swelling samples etc.). S.C.K./C.E.N.
participates in this experiment by irradiating a few ODS fcrritic steel samples. All 336 samples have been loaded into the corner pins
at the Metallurgy Department and sent to the BELGONUCLEAIRE plant at Dcsscl for incorporation in the fuel assemblies.

1.2.3.2. Fuel pin and fuel assembly irradiations

- CARAFE (irradiation in RAPSODIE of three fuel pins with ODS fcrritic steel cladding)

As a consequence of the decision by the French CEA to stop completely the operation of the RAPSODIE reactor, the experiment
has been brought to an end. CARAFE was intended to provide an irradiation test for three fuel pins with ODS fcrritic steel cladding
(DT3911 and DT2203Y05). The fuel pins were incorporated in a capsule inside a RAPSODIE fuel clement. The maximum fiuencc
reached was 3.35xlO22 n/cm2 (21.7 dpaF), which is only 27% of the target value. The CARAFE pins will be returned to Mol.
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- C0UC0U-1V (irradiation in PHEN1X of six fuel pins with ODS ferritic steel cladding)

Progress on the fabrication of tubes for the COUCOU experiment is reported under section 1.2.1. before. Eleven tubes, five of which
were made of DT2906 material and the others of DT2203Y05, have been accepted by the CEA. The procedures to be followed for
the welding of the end plugs and for the qualification of the welds have been laid down by the Fuel Group.

- PROPHETE (re-irradiation in PHENIX of six fuel pins with reference austcnitic steel cladding materials)

The non-destructive post-irradiation examination of the six pins of the PROPHETE experiment have been carried out in November
and December 1982 at Cadarachc. The linear deformation has been measured. One pin of each composition (AIS1 316 and CEA
15/15 Ti) will be examined in the LHMA-cells at Mol.

- 1DEFIX (irradiation in PHENIX of two fuel assemblies with integral ODS ferritic steel cladding)

As explained in the introduction, due to non-technical problems, the preparation of this experiment has been delayed. Fabrication
of the cladding tubes is ready to start as soon as the problems are overcome.

1.2.3.3. POST-IRRADIATION EXAMINATION

The linear swelling of the RIPCEX-II samples has been calculated from the dimensional measurements on the unpressurized
samples. It was found that the commercial fcrritic steels (EM12, WN-1.4914,405) swell less (0.13% max.) than the ODS fcrritic
steels (0.226% max.). The absolute values of the swelling arc quite low: less than 0.67% in volume. A minimum of swelling seems to
exist in the neighbourhood of 500°C. When considering the swelling rate per unit fluencc as a function of the temperature or of the
dose, the swelling rate of the ODS ferritic steels is independent of the dose whereas it is proportional to the dose for commercial
ferritic and austcnitic steels (AISI 316, C\V). The temperature dependence is unusual: at equal dose, the swelling rate is at a
minimum between 450 and 475°C for the fcrritic steels.

For a given stress, the in-pile creep (which combines thermal creep and irradiation creep) of the EM 12 and of the ODS fcrritic steels
is quite sensitive to the dose but insensitive to the temperature. The in-pile creep modulus for different materials decreases in the
following order: DY, DT, EM 12, WN-1.4914. Moreover, the behaviour of the ODS materials is quite the opposite of the one shown
by the ferritic steels without dispersions. Whereas, according to the literature, the creep modulus of fcrritic steels increases with the
temperature, it actually decreases with the temperature for ODS fcrritic steels. The irradiation creep is calculated from results of
parallel in-pile and out-of-pile experiments. The latter reproduce the in-pile thermal history of samples having the same composition
and the same internal pressure. The irradiation creep modulus of the commercial ferritic steels increases with the temperature but
the irradiation creep of the dispersion ferritic steels increases only up to a temperature of about 450°C. Above this temperature it
decreases and above 475°C it is almost always close to zero. Between 400 and 500°C the irradiation creep modulus of the DT, DY
and even EM 12 steels is quite low and is situated between -25x 10"8 and +20x 10"8 MPa"'.dpaF'1 whatever the dose, the temperature
or the internal pressure.

1.2.4. THE EFFECT OF CARBON ON THE STRESS-STRAIN BEHAVIOUR OF FERRITIC ALLOYS
(K. Miyada*)

* Trainee

The effect of carbon on the stress-strain behaviour has been investigated by replacing oxygen by carbon in the DT3911 alloy
(nominal composition in wt.%: Fe-13Cr-l.5Mo-3.9Ti-1.1 0) at constant effective oxygen content. The study was carried out on
annealed alloys using empirical and physical models. The experimental data have been treated by the following empirical equations
proposed in the literature :

a = c0 + ksn (a)
CT = kr.n (b)
where a0, k and n are material constants,

(as - c/as - ays) = exp [-(e - £0)/ec] (c)

where as is the saturation stress, CTVS is the yield stress, E0 is the arbitrary strain (generally = 0) and ec is the characteristic strain. The
material constants of the empirical equations have been determined using a non-linear least-squares fitting method. The best fitting
has been obtained using the last equation.

(a) P. Ludwik, Elemente der Technologischen Mechanik, Julius Springer, Berlin, 1909, p. 32 (c) E. Voce, J. Inst. Metals, 74, 537 (1948)

(b) II. Holloman, Trans. A.I.M.E. 162, 268 (1948) (d) M.F. Ashby, Phil. Mag., 14, 1157 (1967)
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The experimental data can be also fitted by the following equation according to the physical model proposed by Ashby (d):

a = a0 + 0.25 G (bf/d)'/2 e1'2

where b is the Burgers vector, G is the matrix shear modulus, f is the volume fraction and d is the particle diameter. By inserting the
volume fraction and the average diameter of the oxide particles, a fairly good modeling of the work hardening behaviour is obtained.

The replacement of oxygen by carbon in the DT3911 alloy did not result in a significant change of the work hardening behaviour nor
did it affect the fitting of the empirical and physical models.

1.3. FAST REACTOR PHYSICS
(J. Debrue)

The analysis of the measurements previously carried out in the critical facility M ASURCA at Cadarachc was continued; by reason
of specific problems related to the neutron sensitivity of gamma thcrmolumincscent dosimeters, an effort was initiated to generate
reference gamma-neutron fields in BR1. This metrology work is of interest in different reactor programmes, when gamma heating
measurements have to be carried out in a relatively intense neutron flux environment.

The computational capability was extended, more particularly in support of fast reactor safety irradiation experiments in BR2.
Nuclear data validation work concerned mainly the utilization of helium accumulation fluence monitors and the application of the
reaction 93Nb (n,n') in reactor dosimetry.

1.3.1. WORK IN SUPPORT OF THE DESIGN OF LARGE SIZE BREEDERS
(G. Minsart, S. De Lceuw, A. Fabry, G. De Leeuw-Gierts, N. Macnc,
R. Menil)

1.3.1.1. Programme

The RACINE programme carried out in the MAUSURCA critical facility at Cadarachc has been continued in 1982. Its aim is to
investigate the characteristics of large size heterogeneous configurations in support of the design of SNR-2 and SUPERPHENIX
type reactors.

The analysis of the gamma energy deposition measurements by SCK/CEN in the RACINE 1 Abis configuration was completed. The
main objective of these measurements is to verify the calculation methods for the determination of the gamma heating in the fissile
and in the fertile assemblies of an heterogeneous core. The gamma heating contribution to the total power is markedly higher in the
fertile assemblies and thus plays a significant role in the calculation of the core power distribution.

For the measurements, thcrmolumincscent dosimeters (7LiF, A12O3 and CaSO4) have been used. After irradiation in M ASURCA,
they were measured by means of an automatic reader equipped with a reproducible nitrogen heating system. A set of dosimeters was
also irradiated in a pure gamma field (60Co) for calibrating the reader. It was attempted to rcirradiate after read-out the whole set
from Cadarache in the 60Co field in order to derive an individual calibration factor for each dosimeter and thus to improve the
accuracy. It seems however that this introduces a systematic error related to the neutron sensitivity of the dosimeters; the individual
calibration was finally discarded.

The utilization of TLD's to measure gamma doses in a mixed gamma-neutron field requires anyway the application of calculated
correction factors to eliminate the neutron response. The neutron sensitivity varies from one type of TLD to the other (e.g. 7LiF is
more neutron sensitive than A12O3); moreover, the relative importance of the correction varies with the location in the reactor (e.g. it
is quite different in a fissile and in a fertile assembly).

A standardization effort was initiated to assess better the accuracy of thcrmolumincscent gamma dosimeters and other gamma-ray
dosimetry techniques, more particularly with respect to the neutron induced effects in different neutron spectra. The first objective
of this work is to take advantage of the one-meter diameter spherical cavity in the BR1 vertical thermal column in order to
implement a set of routinely available gamma and mixed gamma-neutron reference radiation fields. Further information is given in
par. 1.3.2.
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Another contribution to the RACINE programme was the calibration of fission chambers used by CEA in MASURCA. This
calibration took place in the BR1 spherical cavity mentioned above, equipped with a 235U converter (Mark III) to generate a high
purity 235U fission spectrum. The objective was to derive absolute fission rates for the 238U, 235U, 239PU fission chambers based on
comparative measurements with well known deposits exposed in absolute NBS fission chambers.
The accuracy of fission rate definition by this method is of the order of ± 1 to ± 2.5% depending on the isotope. Within these
uncertainties excellent agreement has been found using fissionable deposits from NBS and CBNM (Euratom, Gecl). For these
measurements, the quality of the run-to-run monitor system has been improved and carefully verified.

1.3.1.2. Computation codes and nuclear data

The development of computer codes and the extension or updating of nuclear data sets were continued, in order to improve and
increase the computational capability. A particular effort was devoted to the theoretical support of specific experiments made or
scheduled in BR2 and in the BR1 thermal columns.
Cross-sections sets

The coupled neutron-gamma library EURLIB-4 (100 gr n - 20 gr 7) has been used for the preparation of two new data sets suitable as
input for the programme GAMPREP : a gamma production set (40 gr n - 20 gr y)
a 20 gr gamma interaction cross-section set, with anisotropic components up to P5.

These sets contain nearly twice the number of isotopes derived in the same way from EURLIB-3; in addition to the four tungsten
isotopes given in EURLI B-4, the cross-sections of natural \V were prepared by combining the data for the isotopes; this set is mainly
used in the design of the PAHR (Post Accident Heat Removal) experiment in BR2.

In the same framework, a new version of the MOL-BR2-40 GR has been made operational; it contains 50 isotopes taken from the
standard version and 7 additional isotopes whose capture and total cross-sections were prepared by collapsing the corresponding
data of EURLIB-4. The set for natural tungsten was further added but, due to its impact in the calculations of PAHR, a special
attention was paid to it; self-shielding factors, elastic and inelastic matrices were also included.

Computer codes

The use of the code systems AMPX-II and MARS has been extended: more subprogrammes were put into current operation, the
compatibility of the SCALE libraries with MARS was checked. The chaining of the programmes ANISN and SWANLAKE
(sensitivity calculations to cross-sections) has been fully tested.

A new programme has been prepared and tested for manipulating the angular fluxes computed by ANISN; a similar one, connected
to DOT 3.5, remains to be debugged. The goal is to allow the easy inspection of angular flux distributions in selected meshes and
groups and to carry out summation of selected components (for example, those corresponding to negative angles) taking the
associated quadrature weights into account. This programme has been extensively used for the analysis of experiments in the BR1
vertical thermal column for the calculation of wall-return spectra in the facility [294].

Some attention was paid to Monte Carlo methods and programmes. It is planned to implement the Monte Carlo code system
ATLAS/TRIPOLI-2, which can be used for a broad range of problems.

Nuclear data

The spectrum-integrated helium generation cross-sections for 6Li and 10B have been determined for the Sigma Facility and for the
Fission Spectrum neutron field of the BR1 reactor in collaboration with Rockwell International and HEDL [298]. The goal is to
reduce uncertainties associated with the use of helium accumulation fluencc monitors (H AFM). The H AFM technique is attractive
for long-term irradiations; as an example, it was applied in the MOL 7D irradiation experiment in BR2 [292].
The main work has been the two-dimensional S|2P3 calculation of the flux depression and the flux gradient in the lithium and boron
samples. The experimentally determined cross-sections were compared with values calculated from the ENDF/B-V cross-section
file for the two facilities. The results of these comparisons are similar to those previously obtained for 6Li and 10B in BIG-10(Los
Alamos) and CFRMF (Idaho).

6Li neutron-spectrometry results obtained in natural uranium spherical assemblies of different thicknesses were reported [291],
including a comparison with calculated values using ENDF/B and KEDAK libraries.

1.3.2. DEVELOPMENT OF DOSIMETRY TECHNIQUES
(A. Fabry, R. Mcnil, H. Tourwe)

The knowledge of the ncutronic and gamma-ray characteristics of the one-meter cavity standard field in the vertical thermal column
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of the BR1 reactor is being reassessed or extended for new applications [294].Three devices (Mark 1 lo III) can be used at present to
generate a 235U spectrum, within different available experimental volumes. A series of measurements with fission chambers and
activation detectors, coupled with two-dimensional neutron transport calculations, was carried out:
- to improve the knowledge of the space-energy neutron distributions, more particularly the perturbation caused by the cylindrical
cadmium thimble;
- to identify the importance of low-energy neutron upscattering effects;
- to define more accurately the reactor core leakage background.

A study of the delayed-neutron techniques was started by means of a removable fast pneumatic transfer system loaded in the Mark
III device.

The possibility of using the cavity to generate mixed gamma-neutron reference fields has also been stablished. Gamma fields can be
created by means of a variety of neutron absorbing screens producing well identified prompt gamma rays. It is therefore essential
that the gamma background, mainly due to neutron captures in the surrounding graphite remains very low.
This gamma background has been evaluated by a semi-empirical calculational approach and measured by means of
thermoluminescent dosimeters (TLD) embedded in LiF boxes absording the incident neutron thermal flux, essentially without any
gamma-ray production or absorption. In absence of LiF cover, most of the conventional TLD's and ionization chambers have an
important neutron response. The Berkeley laboratory of the CEGB (Central Electricity Generating Board, U.K.) took part in these
measurements with BeO dosimeters which appeared to be practically neutron insensitive; a graphite ionization chamber developed
at the same laboratory confirmed the BcO result. This work is part of a systematic effort to qualify the cavity free-field as a standard
environment for the assessment of the thermal neutron response of gamma dosimetry techniques. The neutron and gamma
components of the field have been separated to high accuracy: at a reactor power of 1 MW, the gamma dose rate amounts to 130
R/h in the centre of the empty cavity, corresponding to a thermal neutron flux of 1.0 x 109 n/cm2.s (cpithcrmal and fast neutron fluxes
arc negligibly small). By contrast the gamma dose rate at the centre of a cadmium-capture black absorber gamma reference field is
as large as 4200 R/h at the same reactor power. This agrees well with he design calculations. This neutron-free gamma source
thimble arrangement (Fig. 1.3.), directly accessible at any BR1 reactor power level, is perfectly suited to such applications as passive
and active instrument calibration or validation, study of their linearity of responses over a dynamic range of 50 mR/h up to
5000 R/h, study of their spectral sensitivity (by using different source materials) under actual reactor field conditions, measurement
of photofission cross-sections, etc.... Fast and epithermal neutron responses can also be examined by means of an arrangement
using uranium-235 as source and polythene as a neutron spectrum shapcr.

Fig. 1.3. Schematic layout of the reference gamma field in the BR1 vertical thermal column
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TABLE 1.2.
Neutron flux ratios (Nb over Fej in different neutron environments

Reactor/position

BR3/reflector
BR2/core

ORR/PSF-SSC
ORR/PSF-1/4 T
ORR/PSF-1/2 T
ORR/PSF-3/4 T

0(>1OO keV)
0(>1 McV)

1.9(1)
2.0 (2)

3.1 (3)
4.1 (3)
5.8 (3)
7.8 (3)

( r fWNb
(c0)£fs/aFc

using the following 93Nb(n,n') calc. cross-section data

Hegedüs Hcgcdiis x bias factor IRDF file
(= 1-37)

1.43 (5)
1.32 (5)

0.98 (6) 1.01 (6)
0.82 (6) 0.93 (6)
0.76 (6) 0.96 (6)
0.75 (6) 1.06 (6)

(1) Mainly based on DTF-IV calculations with 40 group energy structure

(2) DTF-IV calculation with 40 group energy structure

(3) ANISN calculation with 171 group energy structure. Reported values are in fact 0 (> 98 kcV)/ 0 (> 1 McV) ratios

j l <7j (E) <I> (E) clE

*(E)dE
.' 1 McV

(5) afc based on ENDF/B-IV

(6) oFc based on ENDF/B-V.

The 93Nb(n,n') reaction is increasingly used to determine the fluence of fast neutrons. The long half-life or 93Nb%o
m allows the

integration of the fast neutron flux over periods of 20 to 30 years. The 93Nb (n,n') cross-section curve is approximately a step
function with a threshold below 1 MeV which makes the reaction also very useful for damage rate measurements. In order to test the
Hegedüs 93Nb(n,n') cross-section data, used in many experiments since 1971, experimental and analytical 93Nb(n,n') reaction rate
values were compared in a radial reflector psition of the BR3 reactor and in a core position of the BR2 reactor (Table 1.2.). It was
concluded that a bias factor of 1.37 needed to be applied. The BR2 and BR3 irradiation were supplemented by a set of irradiations in
rather soft neutron spectra at the Poolsidc Facility of the ORR reactor. These measurements showed that the application of a bias
factor is not satisfactory in soft neutron spectra (Table 1.2.). The cause is apparently the non-adequate shape of the cross-section
data used. A reevaluation of the PSF results was made using the IRDF cross-section data file, released by the IAEA in 1982. These
data are giving more consistent results than the renormalized Hegedüs data.

The results of an international niobium intercomparison organized by S.C.K./C.E.N. in EBR II and BR2 were presented at the 4th
ASTM-EURATOM symposium on Reactor Dosimetry, held at Washington in March 1982 [301]. The conclusions of this work
were given in previous annual reports.

A comparison of neutronic calculation results with post-irradiation dosimetry data for the MOL-7D sodium loop irradiated in BR2
was published at the 4th ASTM-EURATOM symposium on Reactor Dosimetry [292]. A description of the applied experimental
techniques was given in the previous annual reports. The agreement between experimental results and analytical calculations is of
the order of 10 % except for the 238U dosimeters in which 90 % of the fissions are due to 239Pu. An explanation of the discrepancy
could be that the 238U neutron capture in the dosimeter is influenced by the resonance narrow dips in the environmental neutron
spectrum and that this effect is not well represented in the calculation.
Some further analytical work is necessary in order to make comparisons with the burn-up data which were determined by
radiochemical methods on six fuel samples reported in par. 1.1.2.1.1.

1.3.3. APPLICATION OF NON-DESTRUCTIVE EXAMINATION TECHNIQUES
(J.-L. Genicot, L. Lcenders, V. Willekens)

SNR fuel qualification

A fuel bundle containing 19 fuel pins was irradiated, together with a monitor rig, in the RAPSODIE reactor with the aim of
qualifying the SNR-Mk II fuel design, except for the spiral wire. This experiment is called RAPSODIE II (see par. 1.1.2.2.1.).
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After examination of the assembly and the fuel pins in the LDAC laboratory in Cadarachc. four fuel pins were transported to Mol
for complementary non- destructive and destrutive examinations at S.C.K./C.E.N.

These four fuel pins were examined by gamma spectromctry, in the BR2 hot cells, with BURNOTHEQUE samples as references
(one from the monitor pin already examined in 1979, the other ones being fuel and cladding samples from the M0L-7D experiment).

From the results obtained so far, it appeared that the axial fluence distribution is the same for both the assembly rods and the
monitor one.
Moreover the pin-to-pin relative burn-ups and flucnecs, as announced by the irradiation report, arc in agreement with the
experimental results within 1 %.

Cladding fuel compatibility

The CFC-06 and CFC-08 experiments are devoter, to the comparison of various advanced cladding materials with regard to the
internal corrosion.
Eight different alloys arc considered and three doping elements (Cs, Te, I) arc introduced to simulate the burn-up conditions from
the corrosion point of view (sec par. 1.1.2.1.2.).

The gamma spectrometry examination is of a particular interest for such experiments, as it enables to locate all the radioactive
fission and activation products inside the fuel pins without dismantling them and even without dismantling the rig. Moreover, the
under water gamma spectromctry allows to detect short-lived isotopes, while the rig remains cooled by the surrounding water.

The CFC-06 rig was examined, in the BR2 channel, a few days after irradiation; the short-lived isotopes of interest were l21Tc
(activation product of Te as doping material), 131I and 132I (fission products).

The rods of both experiments were examined, in the BR2 hot cell, a few months after the irradiation, to measure long-lived isotopes
such as 134Cs (fission product and activation product of Cs as doping material) and 137Cs (fission product).

As detailed measurements were carried out, the results will be useful to improve the models describing the fission product
behaviour.
It was also possible to integrate the activities measured to express them in activity per unit fuel length.

By comparing the volatile elements with the non-volatile, it was possible to identify the defect rods.

1.4. FAST REACTOR SAFETY

The fuel element behaviour under off-normal local cooling conditions and the possibility of pin-to-pin failure propagation are of
special interest for LM FBR safety. As part of a joint M0L-7C programme, S.C.K./C.E.N. and KfK have set up related experiments,
in a sodium loop of the BR2 reactor, in order to examine the possibility of pin-to-pin failure propagation and the cooling of a test
bundle with a local porous blockage in the cooling channels of a large part of the fuel bundle.

The first two transient phase experiments were carried out in 1977 and 1978.
A third experiment, with fresh fuel pins and an active local blockage of enriched UOi particles, was carried out end 1980. Two
experiments with pre-irradiated fuel pins are under preparation, the irradiation campaigns will take place in 1983.

Another important LMFBR safety issue is to assure the long term in vessel coolability of liquid Na saturated core debris bed,
resulting possibly from an hypothcical core disruptive accident; in September 1981, the CEC decided to participate financially in 3
in-pile PAHR (Post Accident Heat Removal) tests to be carried out in the BR2 reactor of S.C.K./C.E.N.

The PAHR test section, called PIRAMID, under development at Mol is of the integrated type. The optimization of its design for the
first test is almost finished.
Some supporting activities are also under way and cover different topics as materials compatibility studies, instrumentation, filling
of the crucible with UO-, powder and Na, nicrobrazed passages,...
In collaboration with the von KARM AN Institute, S.C.K./C.E.N. continued the development of TORPEDO, a 2D (R,Z) computer
code for the determination of the temperature field in the porous debris bed and the upper Na layer. Furthermore, S.C.K./C.E.N.
developed WALL, a 2D (R,Z) computer code for the determination of the temperature field in the different structure components.
Coupling of the two modules resulted in the computer code TORWALL.
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Some preliminary tests in the out-of-pile test loop manufactured by the von KARMAN Institute were carried out and the first
observations of the phenomena already allow some interesting conclusions to be drawn.

In 1982 S.C.K./C.E.N. continued to participate in the activities of several working groups of the CEC and more particularly in the
activities of the Safety Working Group (SWG) of the Fast Reactor Coordinating Committee (FRCC). A long term goal of the SWG
is to prepare the harmonization of LMFBR safety criteria within the EEC.

In 1982, S.C.K./C.E.N. in collaboration with ULB, finalized the report concerning CASSANDRE, a 2-dimensional (RZ)
multigroup neutron diffusion unsteady state code for the analysis of reactor core transients or accidents in the prc-disassembly
phase.

1.4.1. FAST REACTOR SAFETY EVALUATION
(A. Siebertz)

1.4.1.1. Principles and standards of fast reactor safety
(A. Siebertz)

Within the Safety Working Group (SWG), repräsentatives of designers, utilities, licencing authorities and research centers of
various EEC member states are trying to reach a consensus of views on fundamtal LMFBR safety aspects, in order to develop
provisional safety criteria and guidelines :
in 1982, the SWG started the work related to preliminary safety criteria and guidelines concerning sodium fire accidents.

1.4.1.2. CASSANDRE, a two-dimensional (RZ) multigroup neutron diffusion unsteady state code for the analysis of reactor core
transients or accidents.
(B. Arien, J. Devooght*, E. Mund**, A. Siebertz)

•ULB

•• FNRS/NFWO (ULB)

The final report on CASSANDRE was typewritten; this activity is terminated.

1.4.2. THE M0L-7C PROJECT - IN-PILE SODIUM FLOW DISTURBANCE TESTS*
(G. Vanmassenhove, A. Verwimp, G. Geboers, P. Vanderstraeten)

* In collaboration with KfK

The Mol-7C loop is designed for irradiating and testing a fuel bundle with 37 pins (30 UO2 or UO2-PuO2 fuel rods and 7 dummy
rods). The fuel bundle contains a porous local blockage, which is additionally cooled via the central dummy tube during
preirradiation. The transient phase is initiated by interrupting this additional cooling.

The first two transient phase experiments, MOL 7C/1 and 7C/2, with fresh fuel pins and with a non-active local blockage of stainless
steel spheres, have been carried out in May 1977 and March 1978, respectively. A third experiment, MOL 7C/3, with fresh fuel pins
and an active local blockage of enriched UO2 particles, was carried out in October 1980. The tests indicated that pin-to-pin failure
propagation did not occur in the test bundles, that these bundles remained in a stable coolable state during a long period of time at
full power after incident initiation and that no energetic interaction took place between liquid sodium and the molten material.

Two experiments with pre-irradiated KNK II fuel pins are under preparation. Irradiation of the loops is scheduled to take place in
1983.

1.4.2.1. Experiments with fresh fuel pins (MOL 7C/1, 2 and 3)

The irradiation of the third loop, which took place at the end of 1980, concluded the test series with fresh fuel pins.
The lower part of the loop with the fuel pin bundle was sent to KfK where further non-destructive examination was done.

1-16

[



rs« • • • • • • • • • •» • • • • • »« • • •« •
II HOIIIaaauaaaB

1 W r a p p e r t u b e ( N b )

2 D u m m y c o r n e r p i n ( S t . S t . )

3 F u e l p i n c l a d d i n g ( S ! . S I . )

4 F u e l m a t e r i a l ( U O 2 )

5 L o c a l b l o c k a g e c a g e ( S t . S I . )

6 L o c a l b l o c k a g e f i l l i n g

m 3 1 e r i a ! ( U O 2 * C r c o a t e d )

7 C e n t r a l d u m m y t u b e ( S t . S t . )

8 M o l t e n s t a i n l e s s s t e e l

9 D e c l a r J d e d l u e l
a ••itiiiiii ••••.•»•••«••

Fig. 1.4. Cross sections through the "MOL 7C/3" bundle
a) lower pan of the local blockage (undamaged zone).
b) upper pan of the local blockage (damaged zone)



Subsequently the bundle was cut at different levels perpendicular to its axis. Especially the local blockage area was examined in
detail in particular with regard to the damage extent in radial as in axial direction.

Fig. 1.4. shows two cross-sections of the bundle through the local blockage. The examinations indicate a failure extent very similar
to the M0L-7C/1 and MOL-7C/2 cases, in spite of the use of heat generating blockage material (enriched UO2 particles coated with
a chromium layer of 10 um).
As in previous experiments, the failure did not progagatc to the neighbouring fuel pins. From the three tests done so far (MOL-7C/1
and 2 with steel blockage and MOL-7C/3 with an active blockage) one may draw following conclusions:

- there is no radial failure propagation of the local damage;
- the axial extent of the damaged area, especially downstream the blockage is influenced by the gas released by failing fuel pins;
- there is no evidence of a fuel- or steel-coolant interaction;
- the cooling in the blockage area is re-established after 10 to 15 seconds after onset of boiling;
- the overall cooling of the fuel bundle is not jeopardized in spite of an important local damage;
- the delaycd-ncutron detection system has proven to be a very reliable system for fuel pin failure detection.

1.4.2.2. Experiments with pre-irradiatcd fuel pins (MOL 7C/4-5)

In order to extrapolate the conclusions drawn from the MOL 7C/1-3 tests to conditions of mixed oxide fuel with low to medium
burn-up, two other in-pile tests (MOL 7C/4-5) will be carried out.

Two in-pile sections with test trains are under assembly. The pre-irradiatcd pins to be inserted have been cleaned and have been
submitted to a series of requalification tests such as visual inspection, leak tightness testing, diameter control, clad metrology, eddy
current testing, radiography, neutron radiography and gamma scanning. For some 40 pins, it was necessary to adjust the diameter
at the upper end plug weld to enable a troublcfrce insertion of these pins through the local blockage.

The mechanism for the remote loading of the 30 fuel pins in each loop has been assembled and is under testing. Some minor
necessary modifications arc being carried out.

The sodium filling of the loops will be done after loading of the fuel pin bundles. Shielding of the irradiated pins will be achieved by
putting the lower part of the loops under water in the BR2 canal. A sodium filling station has been designed and is being installed in
the BR2 building. This station enables the pre-hcating of the sodium loop, filling and final operational testing of the loop
components such as the electrical heaters, the sodium pumps and the instrumentation.

The MOL-7C/4 in-pile test will be carried out by mid 1983 and the MOL-7C/5 test at the end of 1983.

1.4.3. THE PAHR (POST ACCIDENT HEAT REMOVAL) PROGRAMME
(B. Arien, F. Casteels, M. Decreton, C. de Raedt, VV. Detavernier, A. Falla, L. Fouarge, C. Joly, J. Parent, A. Siebertz, M. Soenen,
C. Benocci*, J.M. Buchlin*).

• von KARMAN INSTITUTE, Belgium

1.4.3.1. PIRAMID (PAHR Iradiation According toaMol Integrated Devicc)andNEPHERTARI (Neutron and Photon Reaction i
by Transport calculations Tor BR2 Reactor Irradiations)

The design of PIRAMID was continued with the aim of realizing the same upper and lower cooling circuits for the three types of
experiments planned and only redesigning the primary circuit, containing the pressure capsule with the debris bed, for each
particular experiment.

For the first in-pile experiment, the solution preferred consists in the irradiation of UO, particles of extended size distribution in a
debris bed loading of 10.000 Pa with a useful bed diameter of 110 mm.

By neutron and gamma calculations the enrichment of the UO2 particles leading to the flattest radial power distribution in the bed
was determined. A 235U enrichment of 10%, together with adequate neutron and gamma screens in a scparatcjackct tube (see Fig.
1.5. and Fig. 1.6.) would result in a power ratio between the axis and the border of the bed of about 0.8. With a view to optimizing, by
calculation, the thicknesses of the screens, the neutron and gamma libraries were refined (addition of self-shielded absorption and
gamma production cross-sections and of scattering matrices for \V, one of the screen materials).
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Fig. 1.5 PAHR-Firsl stage experiment. Cross-section at the reactor mid-plane

Separating the jacket tube from the loop allows
- to guarantee efficient cooling of the absorbing screens;
- to make a neutron-radiography;
- to make easier loading and unloading of the loop with regard to reactor operation.

After evaluation, Na was finally preferred above NaK for the primary circuits.

For the regulation of the heat capacity of the secondary heat exchangers, NaK was chosen. Performance and strength of these heat
exchangers were verified and detailed drawings were completed.

The following main components were designed in detail and ordered: the pump and fiowmcter units, the sodium immersed heaters
for each of the cooling circuits, the hollow bars to machine the successive sodium, pressure and safety tubes.

The in-pile section will be equipped with a total of 180 thermocouples, 3 ultrasonic thermometers, 2 Ar pressure transducers, 2 Na
flowmetcrs, 1 Na level indicator and 20 heaters.

As soon as possible, the Nb-Zr(l%) crucible, the radiation shield and the high temperature thermocouples will be ordered.

As to the general assembly of the loop, the crucible with the radiation shield will be first mounted with its instrumentation, filled
separately with UO2 powder in a controlled environment and placed afterwards on the already assembled cooling circuit.
Afterwards all parts up to the pressure tube will be mounted in vertical position. After the filling of the bed with Na, mounting will
continue in horizontal position and will be followed by Na and NaK filling. Finally, the circuits will be tested and the loop will be
closed by welding the last parts of the safety tube.

Some orientation tests are now running to define the best filling procedure for obtaining the most homogeneous paniculate bed.

During 1982 the following topics were also looked at in details: behaviour of high temperature thermocouples, compatibility of Nb
with Na, leak tightness of the nicrobrazed passages, the porosity of the UO2 particulatc bed, the NaK level regulation system,
compatibility of nickel-plated ceramic seals with NäK, metallization of stainless steel with Cd. In BR2, the adaptation of the test
facility for neutron-radiographies was normally continued.
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Fig. 1.6. PAHR-PIRAMID1 schematic lay-out
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1.4.3.2. RAMSES (Real time Acquisition and Measurement System for Experiment Surveillance)

The High Speed Data Acquisition System has been implemented. This system allows continuous acquisition, processing and
storage of data at a rate of 50,000 measurements per second. First tests of the new operating system RTE-XL and system generation
have given satisfactory results. Work is presently in progress on assembling the whole data acquisition system for the PAHR
experiment (RAMSES) with particular attention on achieving a high degree of redundancy and maximum availability.

1.4.3.3. Metallographie analyses

- The analysis of corrosion reactions in the system Nb-Na after a heat treatment of 50 h at 1260 °C.
- did not reveal any trace of penetration of sodium;
- indicated neither a decrease of the wall thickness nor a pronounced exchange of intcrstitials;
- showed the formation of a thin layer (5 urn) of niobium carbide on the unaffected Nb matrix material.

- The quality control of a Cd coating applied by plasma spray technique revealed in the deposition layer a layered structure and a
sufficient homogeneity for a thickness of at least 500 urn.

- The quality control of electron beam and TIG welded TZM plates indicated that most of the welds failed by formation of
macroscopic cracks upon cooling. TIG welding under well defined conditions resulted in an acceptable weld quality.

- In the framework of a separate contract with the CEC, mctallographic analyses were carried out on
- the reactions at high temperature (2520 to 2600°C), in thoria crucibles, between urania and stainless steel or nickel;
- sections of a prototype crucible made of partially stabilized ZrO2 and Mo in the as-received and heat treated condition (2h at
2050°C);
- reactions in the molten steel - ZrO2MgO(Mo) and ZrO2CaO (Mo) system.
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1.4.3.4. EGIPT : (Enlarged Identification of PAHR Phenomena and Torpedo code development)

The development of the TORPEDO module for the computation of the temperature field in the paniculate bed and upper Na layer
was continued and the WALL module for computing the temperature field in the structures was developed and completed.

TORPEDO is a 2-dimensional (R-Z) multicomponent, multiphase
conductive - convective, unsteady heat transfer code, using finite difference techniques. WALL, a 2-dimcnsional (R-Z) code, using a
finite element method and triangular meshes, solves the steady/unsteady heat conduction equation. WALL takes into account the
natural convection and radiative heat transfer in gas enclosures. CouplingTORPEDO and WALL resulted in the code TORWALL,
a typical output of which is given in Fig. 1.7.

Some preliminary tests in the out-of-pile test loop for the simulation of the PAHR phenomena were carried out. The first results of
the visualization (laser tomography diagnostics) were obtained and already allow some interesting indications concerning the basic
phenomena and their modelling.
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Fig. 1.7. Results from TORWALL-calculations
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1.5. SODIUM COOLANT STUDIES
(M. Soencn, Ja. Dekcyser)

1.5.1. OPERATION OF THE SODIUM LOOPS

1.5.1.1. The analytical sodium loop (ASL-1)

The ASL-1 loop continued to operate at temperatures in the main circuit close to SNR-300 conditions e.g. 550°C for the main hot
line and 360°C for the main cold line. The test sections were loaded as follows :
Hot sections : HS 3 diffusion type carbon meter with Flame Ionisation Detector (FID)
HS 4 Na sampler operated at 550°C
(only for the time of sampling)
Cold sections : CS 1 diffusion type hydrogen meter at 360°C
CS 2 galvanic type oxygen meter with thoria/yttria
electro-lyte at 36O°C
CS 3 Na sampler operated at 360°C
(only for the time of sampling).

Readings on the hydrogen and oxygen meters arc representative for the cold trap temperature between 200°C and 120°C, which is a
measure of the impurity level in the sodium. For the oxygen meter, the readings over the whole period of 13,709 h of operation on the
loop, have been compared in order to evaluate aging effects of the ceramic electrolyte.

The carbon diffusion meter signals slightly increased with the membrane temperature changes from 550°C to 600°C but did
practically not vary with the different cold trap temperatures. The behaviour of the carbon diffusion meter indicates that the
membrane temperature should be increased to at least 700°C for satisfactory operation of the meter. The operation at 200°C is not
tested up to now in order to avoid at the same time high and low temperature runs on the loop, which pcrturbatc the oxygen and
hydrogen meter.

The operation time of the ASL-1 loop during 1982 was 7,410 hours; the total working hours at the end of 1982 was 56,431.

1.5.1.2. Other sodium loops

The sodium loops Na-2 and Na-3 were kept in stand-by conditions for the whole year, but are ready to resume operation in a short
time.

1.5.2.1. Effect of sodium on creep properties
(H. Tas, F. Casteels)

The presence of a harmful sodium effect observed during creep experiments on WN-1.4948 steel by KfK and S.C.K./C.E.N. has
been ascribed to the high level of metal impurities, in particularly Pb and Sn.
An attempt has been made to clarify the metal impurity effect by carrying out additional creep tests on VVN-1.4948 and WN-1.4919
after renewal of the sodium. The metal impurity content of the filling sodium and of the old and new sodium in the Na-2 is presented
in Table 1.3.

TABLE 1.3.
Metal impurity content of the sodium in the Na-2 loop

Fe
Cr
Ni
Mn
Pb
Sn
Bi
Zn
Cu

Before

7.6-
4.5-

8 -
2.1
18

7.2-

0.02

refilling

36.5
23.5
13
-5

-27
15.4

-0.2

Filling sodium

<0.2
<0.3
<0.1
<0.5
<0.4
<0.03
<0.7
<0.3
<0.1

After refilling

5
2.1
6.2
0.8
5.8
8.3
0.4

<0.5
<0.02
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The results of the additional creep experiments carried out at
550°C in the Na-2 loop on WN-1.4948 (type AIS1 304) and \VN
1.4919 steel (type AIS1 316) before and after refilling arc
presented in Table 1.4.

The following conclusions can be drawn from these experiments:
- sodium replacement without renewal of the cold trap is not
effective to lower the concentration of metallic elements (Pb and
Sn) in the sodium.
- WN-1.4919 steel docs not suffer from a negative influence on the
creep rupture time observed for WN-1.4948 steel. The negative
influence for WN-1.4948 steel is not reduced by the refilling
operation of the sodium.
- The absence of a negative influence for WN-1.4919 exists despite
the fact that Pb-rich deposits could be detected on the surface and
in surface cracks of the WN-1.4919 samples.

TABLE 1.4.
Creep lesis carried out in "old' and "new" sodium in the Na-2 loop

Material Test medium Applied Cold trap Time to rupture
stress temp.
(MPa) (°C) (h)

WN-1.4«'! 8

WN-1.4919

Air
"Old" sodium

"New" sodium

Air
"Old" sodium

"New" sodium

257
257
257
257
257

333
324
344
333
333

-
110

no
110
110

-
160
160
110
110

1201
285
200
332
332

1434
1959
1343
1623
1360

1.5.2.2. Hydrogen free carbon activity meter
(F. Castcels, II. Tas)

The long term testing of the hydrogen free carbon activity meter operated in the HS2 hot section of the ASL-1 loop has been
continued. The output of the meter at constant sensor temperature (650°C), was measured at two cold trap temperatures: 120°C
and 180°C. The steep change in cold trap temperature from 120°C to 180°Cdidnot change considerably the fairly constant signal of
the carbon meter obtained after a period of months with a cold trap temperature of 120°C. This fact is in disagreement with the
behaviour of the meter when it was newly installed and the carbon meter readings followed cold trap temperature changes. This is
probably due to the decrease of the carbon diffusion coefficient caused by the formation of a Ni and Cr rich reaction layer at the
outer side (in contact with sodium) of the sensor.
Graphite powder, heated at 550°C, has been used to increase the carbon activity. At this high carbon activity, a higher stable output
of the carbon activity meter, operated at 650°C, is reached one week after insertion of the carbon source. A parametric study is
under way in order to quantify the influence of certain parameters (surface of the sensor, temperature of the sensor, cold trap
temperature, presence of getters) on the output of a newly installed sensor.

1.6. MECHANICAL TESTS
(J. Parent)

In the framework of the seismic model for SNR-300 conceived by BELGONUCLEAIRE the vibratory behaviour in water (instead
of sodium) of seven identical hexagons, when the central one is excited, has been studied. Each of these prisms represents a fuel
subassembly, considered as vibrating as a whole. They are supported by steel blades allowing them to move in one direction.
Around those seven movable prisms, twelve other ones arc fixed and all the nineteen hexagons arc mounted inside a vessel filled
with water. The water in the small gaps separating the hexagons, realizes the hydraulic coupling conditions. The purpose of the tests
is to determine, by comparison with a mathematical model, the coupling and the damping coefficients.
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Belore starting the tests an adaptation of the experimental set-up was necessary to allow the measurement of the displacements of
the movable prisms. In a first series of tests only two hexagons were movable: the central one which is excited and an other one of
the first neighbouring row of six hexagons, the other five being fixed. Analysis of the results of these tests with the Fourier Analyser,
yielded the transfer functions of the displacements of the first prism and of the second one, versus the force applied to the first.

After the first series of tests, it appeared that the results were not reliable. After a complete dismounting and a new mounting of the
set-up to fasten a prism and unfasten another one, it was impossible to maintain the same testing conditions, especially as far as the
correct allignment with the shaker is concerned.

From that, it became obvious that a modification of the set-up was required, in order to easily obtain the correct allignment of the
shaker and also to fasten or unfasten any one of the six prisms of the first row without dismounting the complete assembly.

After this adaptation, a series of measurements was carried out; good and reliable results were obtained. For the tests, the gap
between the prisms was 5 mm and the displacement of all the movable prisms was in the direction of the force acting on the central
hexagon. The report summarizing the test results was prepared. New tests arc now being prepared with displacements of four
prisms perpendicularly to the force or with another gap between the prisms.

Meanwhile a theoretical two-step approach concerning the vibrating behaviour of two systems with one degree of freedom was
proposed; the first step concerns identical systems, the second step relates to unlike systems. This study shows that the two
resonant peaks which occur in the transfer functions have not the same magnitude; in certain cases, one of those peaks may be very
small or even disappear, depending on the coupling and the damping conditions. This study also explains some peculiar phenomena
observed, such as the vibration in phase of both hexagons, or, on the contrary, their vibration in opposite phase, depending on the
frequency.
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Chapter 2

GAS COOLED REACTORS
(J. Planquart)

General situation

France is currently operating seven CO2 gas cooled reactors : six of these are of the graphite moderated type (UNGG) and the seventh
is of the heavy water-gas type. France has also built a reactor of the latter type in Spain.

In the United Kingdom, nine commercial Magnox twin reactor stations have been in operation since they were fully commissioned in
the period 1962 to 1971, and there arc now fourthecn Advanced Gas Cooled Reactor (AGR) units cither in operation or under
construction.

The Fort St. Vrain HTR reactor in the United States of America achieved end 1981 a 100 percent power operation run, during which
the plant operated at 38,5 percent thermal efficiency. From a personnel radiation exposure standpoint, Fort St. Vrain has always
been, orders of magnitude, below the LWR reactors.

In Germany, the TIITR reactor is still under construction; in Japan and USSR, R&D programmes on IITR are going on.

IAEA Co-ordinating effort

The fourth meeting of the IAEA - International Working Group on Gas Cooled Reactors (IWGGCR), held on the site of the Thorium
Hochtemperaturreaktor THTR-300 in Schmchausen, 28-30 September 1982, was attended by representatives of the member states
of the group: Austria, Belgium, France, the Federal Republic of Germany, Japan, Sweden, Switzerland, the Union of Soviet Socialist
Republics, the United Kingdom, the United States of America, the Commission of the European Communities (CEC) and the OECD
Nuclear Energy Agency.

The meeting handled the following topics :

- Review of specialist meetings

(Technical Committee on GCR held in Minsk (USSR) in October 1981, a Specialist meeting on Gas Cooled Reactor Core and High
Temperature Instrumentation, held in UK in June 1982, a Specialist meeting GCR Seismic Design Problems and Solutions held in the
USA end August 1982).

- Impediments for the development of GCR

In UK, USSR and Japan, there arc no impediments for the development of GCR. The impediments for the development of IITR in the
Federal Republic of Germany and in the USA are of different nature. In general, the main impediment for deployment of IITR is to be
seen in the commitment to the development of other reactor types.

- Co-ordinated research programme

IAEA was recommended to consider the establishment of a co-ordinated research programme in order to fasten the information
exchange and to make best use of already available international experience.

- Technical report on the status of and the prospects for GCR

A technical report on the status of and the prospects for GCR will be issued under the auspices of the IAEA. The second draft is nearly
completed and the publication is planned for the first half of 1983.

GBRA memorandum

The European Gas Cooled Breeder Reactor Association (G BRA) has issued, in April 1982, a memorandum to the Commission of the
European Communities, entitled "DESIRABILITY OF THE CONTINUATION OF THE GCFR R&D EFFORT IN THE
EUROPEAN COMMUNITY".

The document gives a general status of the work in the world, the reasons for a continued GCFR development programme and proposes
a two-year programme with the following items :
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- continuation of the 12 vented pin bundle irradiation experiments in the BR2 reactor at S.C.K./CE.N.;
- preparation of a detailed Preliminary Safety Analysis Report (PSAR) which could be submitted for scrutiny on the licenseability in
the European Community;
- out-of-pile safety and fluid flow test experiments on an electrically heated pin bundle in the CARMEN 2 loop at Saclay;
- up-dating of the remaining aspects of the R&D programme in view of a following phase.

Belgian Programme

Because of the large efforts already devoted to the pressurized water reactor and to the sodium cooled fast reactor, the Belgian
programme on gas cooled reactors is limited to the irradiation in BR2 of vented fuel assemblies and helium technology.

Through S.C.K./C.E.N., Belgium is contributing to the IAEA technical report on the "status of and the prospects for gas cooled
reactors". The electricity producers follow the work carried on in the scope of the association EURO HKG.

2.1. THE "GSB"EXPERIMENT
(P. Vanderstraeten, G. Vanmassenhovc, R. Oris, G. Geboers)

The aim of the GSB experiment, which is carried out in collaboration with KFA-Ju"lich, is to investigate the irradiation behaviour
of fuel bundles, pins and components, including the fuel pin venting system.

Irradiation in the BR2 reactor of the UO2-PuO2 fuel element (H ELM 3) was terminated in December 1981 and the fuel clement was
unloaded in March 1982.

From March to June 1982, the modified fuel element HELM 2A (with a defect fuel pin) was irradiated in BR2.

The in-pile section is located in the peripheral H4 channel of the BR2 reactor. The 96 mm OD in-pile section is surrounded by a
cadmium screen which is an integral part of the BR2 type 210 driver fuel element. The test fuel element has 12 fuel pins of 8 mm outer
diameter, with a fissile length of 600 mm and a total length of 1218 mm.

The main irradiation conditions of the Helm 2A irradiation experiment are :
- 450 W.cm'1 average linear power in the maximum flux zone;
- 680°C maximum cladding temperature;
- 500°C gas temperature at fuel clement outlet;
- 60 bar helium coolant pressure;
- 285 kW total fuel element power.

2.1.1. HELM 2A IRRADIATION CAMPAIGN

The HELM 2A fuel element is a modified version of the previously irradiated UO2 fuel element HELM 2: two UO, fuel pins were
replaced by fresh UO2-PuO2 fuel pins, one provided with an artificial cladding defect.

The irradiation of the HELM 2A fuel element has been carried out from March to June 1982 at the following irradiation conditions:

- loop pressure : 60 bar
- fuel element power: 284 to 290 kW
- main helium flow rate : 225 to 237 g.s'1

- linear pin power in the maximum flux : 450 W.cm"1

- maximum clad surface temperature : 680 °C
- gas temperatures :
fuel element inlet: 250 to 270 °C
fuel element outlet: 500 to 505 °C
- main helium gas imurities : hydrogen content: 90 vpm
water content: 30 vpm
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TABLE 2.1.
Noble gas activity release to the fission gas adsorption system of the GSB experiment

(xented-to-birth values)

Isotopes

133Xe
85Krm
88 K r

l35Xe
87Kr
89Rb

end 3/82 A
05.05.82 (just
before reverse)

4.5x10'-
2.2xl0-3

6.5x10'3

l.OxlO"3

1.2xlO"4

end 3/82 A
07.05.82
(2 d after reverse)

7.5x10"3

7.5X10-1

2.4x10"4

l.OxlO"3

2.8x10"4

1.2xlO"*

HELM 2A

end 4/82 A

I.SxlO'2

7.0x10"4

2.0x10"4

UxlO"3

2.5x10'4

5.0x10'5

HELM 3

end 8/81 A

3.5x10"2

3.0x10"5

2.5x10"6

9.5x 1Ü'5

not measurable
not measurable

During the whole irradiation period extensive measurements have been carried out to determine the activity release of the HELM
2A fuel element.
The main conclusions are as follows :

1) The noble gas activity release to the fission gas adsorption system (spags) is given in Table 2.1.

From the results it can be seen that the activity released from the fuel element via the venting system is considerably higher for the
HELM 2A irradiation than for the H ELM 3 irradiation, except for l33Xc (which has a much longer half-life than the other isotopes).

One should mention the influence of the reactor power reduction (reverse) on the activity release : after the reverse the activity
release remained considerably lower than before.

2) Noble gas activity in the main loop (Table 2.2.)

The total activity of the main loop gas at the end of the HELM 2A campaign (end reactor cycle 4/82 A) is slightly higher than for the
previous HELM 3 irradiation campaign.

The measured V/B values for 133Xc, 135Xe and 85Krm are, however, lower than for the Helm 3 irradiation but this is due to higher
background activity coming from short living isotopes vented to the fission gas adsorption system.

The influence of the reactor power reduction in the activity in the main loop is also very remarkable (as for the activity released to
the fission gas adsorption system).

TABLE 2.2.
Noble gas activity in the main loop (vented-to-birth values)

Isotopes

'33Xe
85Krm

' ^ X e

Total activity

end 3/82 A
05.05.82 (just
before reverse)

4.0x10-7

1.2X10"7

9.0x10'8

main loop gas (3x21)

17,500 cps

end 3/82 A
07.05.82
(2 d after reverse)

1.5xl0"7

2.3x10"8

1.5xl0"8

6,500 cps

HELM 2A

end 4/82 A

5.5x10-8

1.5xl0"9

1.5xlO"9

4,700 cps

HELM 3

end 8/81 A

9.5x 10"7

5.2x10"9

7.5xl0'9

3,500 cps
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3) The results of the tritium measurements for the HELM 2A correspond with the previous results obtained for HELM 3.

The main part of the tritium produced by ternary fission and collected on the molecular sieve filters comes into the main coolant by
diffusion through the fuel pin cladding (about 85 %), the remaining part is removed via the vent connection to the fission gas
adsorption system.

4) After lifting of the HELM 2A fuel clement at the end of the irradiation campaign, the main loop gas activity increased very
strongly up to about 300,000 cps. (compared to 25,000 cps for the first HELM 2A experiment in 1978).
A spectrum analysis revealed only 133Xe as important isotope.
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Chapter 3

WATER COOLED REACTORS

3.1. THE BR3 PLANT
(F. Motte)

The whole year 1982 was devoted to the continuation of the BR3/4C operation campaign, started on 21.09.1981. A. plant shutd'
of approximately two months, from mid-May to mid-July, was devoted to loading, into the reactor core, of experimental fuel pins for
the TRIBULATION programme which had been submitted to power transients in the BR2 material testing reactor.

The objective of the exploitation of the Core BR3/4 remains to submit to a qualification test, advanced types of PWR fuel pins
fabricated by Belgian and foreign manufacturers. In addition, it contributes to the training of operation teams of commercial power
plants; teams of Doel 3 and 4 received a training period in 1982.

Operation of the BR3 plant is supervised by F. Motte, A. Bastognc, P. Booncn, P. Gubel, M. Hanquet, L.Tcunckens, A. Barro, \V.
Engelen, G. Legrain, Y. Michaux, J. Petrc, J. Remade, A. Sencie, R. Van Langendonck.

The group is part of the S.C.K./C.E.N. Reactor and Energy Production Division, which is under the direction of G. Sticnnon.

3.1.1. BR3, 20 YEARS

On October, 10,1982, it was the XXth anniversary of the BR3: indeed, on October 10,1962, the BR3 plant was coupled to the grid
for the first time.

Fig. 3.1. shows a recent view of the BR3 plant taken from the lake which almost completely surrounds the plant and is used as
cooling water in the plant steam condensor.

On December 7,1982 a celebration of this event was organized at S.C.K./C.E.N., at Mol under the auspices ofthe Belgian Nuclear
Forum and including an academic session with addresses by distinguished speakers, among which Mr EYSKENS, Minister of
Economic Affairs; it was attended by some 250 people external to the S.C.K./C.E.N.

In 1962, BR3 was the first PWR power plant put into service in Europe and the first power plant constructed by Westinghouse
outside the territory of the United States.
The BR3 power plant was constructed to allow the national industry to introduce itself at an early stage into this advanced
technology and to offer the possibility to the utilities to train their exploitation personnel in view ofthe application of nuclear energy
in Belgium.

Nine successive operation campaigns (Table 3.1.), separated by periods for reloading the reactor, covered the period from 1962 to
1982. During these years, the objective has progressively shifted. In the first years of operation, the BR3 power plant was almost
exclusively used as a training facility for exploitation personnel, but gradually it changed into a test station for prototype fuel, which
to-day constitutes its prime justification.

3.1.2. PLANT OPERATION

The BR3/4C operation campaign started on 21.09.81 when the plant with the Core 4C was first coupled to the grid.

The load diagram for 1982 is shown on Fig. 3.2.; the particular features ofthe diagram are numbered and are explained in Table 3.2.

Values for typical parameters of plant operation are given in Table 3.3.
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Fig. 3.1. View of the BR3 plant
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Operation period
(from the 1st coupling to
the grid to the final shutdown)

Electrical
millions

Gross
(produced)

energy in
of kWh

Net
(provided

to the grid)

EFPD
(1)

Availability
factor of the
plant % (2)

Main characteristics Denomination of the
successive cores

10.10.62 up to 21.08.63

02.12.63 up to 31.07.64

45,8 40,8 167

55,5 50,1 202

62 Oxide core, stainless steel cladded,
cooled and moderated by light

water, control by rods (one pluto-
90 nium enriched fuel assembly in

core IB).

Core BR3/1A

Core BR3/1B

Co

1

29.11.66 up to 18.11.68 159,9 142,9

Oxide core, stainless steel cladded,
cooled and moderated by H2O/D2O

581 90 mixture, spectral shift reactor
(Vulcain project); one plutonium
enriched fuel assembly.

Core BR3/2
VULCAIN

31.07.69 up to 20.12.70
Oxide core, stainless steel and Zir-

79,2 67,1 306 91 caloy cladded, cooled and modera-
ted by borated light water; three

plutonium enriched fuel assemblies

Core BR3/2B

25.09.72 up to 11.01.74

02.07.74 up to 27.06.75

89,4 78,7 331

47,9 40,2 184

80 Oxide core, Zircaloy cladded, cooled
and moderated by borated light

water; 24 (3A) and 22 (3B) pluto-
76 nium enriched assemblies, from a

total of 73 assemblies.

Core BR3/3A

Core BR3/3B

15.07.76 up to 15.04.78 132,0 117,1 496 96 Core BR3/4A

22.06.79 up to 26.09.80

21.09.81 up to MARCH 02
APRIL 83 (intermediate
TRIBULATION shutdown
from 16.05.82 up to 14.07.82)

97,5 87,2 361 86
Oxide core, Zircaloy cladded, cooled

and moderated by borated light
water. Dismountable fuel assem-
blies; UO2, UO2-PuO2 and UO2-
Gd2O3 (burnable poison) fuels.

Core BR3/4B

Core BR3/4C

October 1983 up to the
middle of 1986 (one inter-
mediate shutdown)

Core BR3/4D

U) Equivalent Full Power Days (full power 40,9 MWth)

(2) The availability factor of the plant, in %, is defined as the ratio of the number of hours on line. to the total number of hours of the operation period, this ratio being multiplied by a factor of 100.



Fig. 3.2. BR3J4C load diagram 1982
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TABLE 3.2.
Main events in plant operation with Core BR3/4C during 1982

18.01.82 Hot plant shutdown for repair and adjustment of the pressure reducing stations
on the Purification System.
After restart, power was increased up to 80 %.

17.03.82 Hot plant shutdown for repair of a circulating pump of the Purification System.
After re-start, a failure in the control air system caused a loss of secondary
control air; the turbine by-pass went into fail open position; this involved a
RCS temperature drop to 240°C and a low pressure scram occurred.

3

4

5

6

19.03.82

21.03.82

19 to 23.04.82

26 to 30.04.82

Loss of a condensor circulation pump due to an electrical failure; the group had
to be shutdown because of insufficient condensor vacuum.

Cold plant shutdown for repair of the leaking packing of a high pressure primary
valve inside the plant container.

Training programme for Doel 3-4 plant operators.

Training programme for Doel 3-4 plant operators.

16.05 to 14.07.82 Cold plant shutdown, reactor opened and upper internals removed in order to load
sixteen experimental fuel pins in two assemblies, according to the TRIBULATION
programme.
Advantage was taken of this opportunity to load two experimental fuel pins in
the same two assemblies, at the request of Wcstinghousc.

8

9

10

11

12

13

14

15

16

Hot

04.08.82

27.09 to 01.10.82

14.10.82

24.10.82

25.10.82

27.10 to 30.10.82

15.11 to 19.11.82

29.11 to 30.11.82

20.12 to 24.12.82

plant shutdown : nominal pressure

Low voltage trip of the 10 kV L2 line, followed by reactor scram and group trip,
due to an important perturbation on the national grid.

Training programme for Docl 4 plant operators.

Total loss of 10 kV, due to an incident on a 70/10 kV transformer at EBES-Mol
power plant.

Low pressure scram due to a failure on the pressurizcr heaters permissive
switch, which caused a spurious heaters cut-off.

Power increase up to 90 % of full power, according to the Core 4C power
programme.

Hot plant shutdown due to a 24 hour strike at the S.C.K./C.E.N. During shutdown
an increasing leak on the main steam line made it necessary to cool down the
primary system for repair.

Training programme for Docl 4 plant operators.

Hot plant shutdown due to a 24 hour trade union action at the S.C.K./C.E.N.

Training programme for Docl 4 plant operators.

and temperature maintained in the primary loop.
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TABLE 3.3
BR3/Core 4C - Operation results

63,163
55,722
6,713
3S

230.4
9,480

82,946
73,098
8,978
55

304.6
13,856

from 21.09.81 till 31.12.82 1982 Core 4C

Gross electricity generation (MWh)
Net plant output (MWh)
Time connected to the grid (h)
Number of timupled from and rccouplcd to the
grid (including training programmes)
Equivalent Full Power Days [Full power : 40.9 MW(th)]
Specific thermal energy, per metric ton of fuel
(metal equivalent), M\Vd/tM

., . . number of hours on line x „,
Availability ( — ; :— ; r-r-) (% ) 92.80 92.94

total number of hours in the period

(excluding the 59 days of outage for TRIBULATION programme)

It is worth mentioning that the 59 days stop, from mid May to mid July, was the shortest stop period for access to the reactor core in
the history of BR3. This stop was required by the TRIBULATION programme, sponsored by the Association S.C.K./C.E.N.-
BELGONUCLEAIRE and financially supported by twelve institutions including fuel manufacturers, utilities, various nuclear
organizations all over the world.
During this stop, fuel pins irradiated in BR3 during previous operation campaigns were reloaded into Core 4C just after being
submitted to power transients in the BR2 reactor, reported in par. 3.4.
The objective of the TRIBULATION programme is to assess the effect of such transients on the subsequent fuel behaviour,
especially in view of the higher discharge burn-up envisaged in the future.

The end of the BR3/4C operation campaign is planned for March or April 1983.

In order to be able to reach the objectives of the current programmes and contracts concluded with several clients, one additional
campaign (4D) must be realized. Design and realization of Core 4D is consequently going on and will be completed by mid-83.
This 4D campaign which implies a short intermediate stop for partial refueling, should end by mid-86, the estimated life of the core
being about 15,000 EFPH (Equivalent Full Power Hour).

In parallel to the BR3/4C operation campaign, a large programme of theoretical studies supported by irradiation experiments, is
being carried out in order to improve the knowledge of the mechanical properties of the reactor vessel which have gradually changed
as a result of neutron embrittlemcnt.

This programme will also be supported by the drilling of small samples from the vessel vertical weld, just after completion of the
BR3/4C campaign, in order to have a better knowledge of the chemical composition of the metal in that welded zone.
The results will show, by mid 83, whether a thermal treatment of the vessel is necessary before starting the BR3/4D campaign; this
treatment would consist in a so-called wet annealing to recover partially the mechanical qualities of the vessel.
Various external consultants and organizations, in particular from the USA, are involved in this programme, under the technical
coordination of S.C.K./C.E.N.
In the framework of the Bilateral Agreement for exchange of information on LWR safety between the US Nuclear Regulatory
Commission and the Belgian Government, a technical review of the safety analysis report resulting from the program mentioned
above, has been asked to the USNRC; the USNRC staff also provided technical assistance in reviewing safety aspects of the
pressure vessel prior to start-up of the reactor with the BR3/4C core.

3.2. LWR FUEL CYCLE PHYSICS
(J. Dcbrue, L. Lecnders)

3.2.1. VENUS CRITICAL EXPERIMENTS
(L. Lcenders)

The preparation of a new series of experiments in the VENUS reactor has been completed. The stainless steel grids which define the
fuel lattice pitch have been changed; the pitch is now the same as in modern PWR assemblies containing 17 x 17 rods. A thick core
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baffle has also been installed, as in power reactors, so that representative pin-to-pin power distributions will be obtained,
particularly at the core - reflector interface. The reactor, with its new loading, has been made critical at the end of the year. The
experiments in 1983 will mainly concern the fast neutron propagation outside the core, in the framework of the pressure vessel
studies reported in par. 3.5. Fuel management strategies at the periphery of the core, with respect to radiation damage in the vessel,
will also be investigated.

3.2.2. OUT-OF-PILE FUEL CYCLE STUDIES
(Ch. De Raedt, G. Minsart)

The manipulation and the storage of irradiated fuels in safe conditions require adequate calculation methods in order to ensure
acceptable radiation levels for the operators and a sufficient subcriticality margin in the storage areas.
Besides, the increase in capacity of existing irradiated fuel storage pools on power station sites is desirable for economic reasons.
Various possibilities have therefore been considered, such as the insertion of neutron absorbing plates in the storage racks,
assuming a fuel composition at zero burn-up. This assumption simplifies the design calculations and the operation procedures but
introduces a conservatism which limits the storage capacity.

In order to account for the real compositin of the depleted fuel, various aspects of the problem have been examined in
ollaboration with industry.
- A preliminary evaluation of the concentration of individual fission products in the fuel has first been made by means of the
programme ORIGEN, at different cooling times after the end of the irradiation. This study allowed to obtain information about the
neutronic absorption in the fuel and its time variation over the storage period.

- In order to enable the determination of the multiplication factor of spent fuel storage pools, several burn-up calculations of PWR
fuel cells were run with the code BURNID (a part of our MULCOS system) and with the code CASMO designed in Sweden for
burn-up analysis (a). The fuel compositions at different burn-up levels (e.g. 33,000 MWd/t) were taken from these results, including
some detail about the main fission products.

- The initial fuel composition and the one corresponding to 33,000 MWd/t were introduced in the input data of SCALE problems.
The code system SCALE was developed at the Radiation Shielding Information Center (Oak Ridge, USA) for nuclear criticality
safety studies. A parametric study was carried out for a large array of PWR fuel assemblies under water; different distances between
assemblies were considered with fresh and irradiated fuels, with and without stainless steel casing around each assembly.
Appreciable increase in storage capacity is observed when the fuel depletion is accounted for.

- In order to permit credit for burn-up in the design of storage racks, each fuel assembly entering the storage area must be
characterized in order to verify that the actual burn-up exceeds the design value. The possibility of using the pulsed neutron
technique has therefore been examined on the basis of high subcriticality measurements previously carried out at S.C.K./C.E.N.
A major task will be to assess uncertainty margins, mostly based on experimental evidence, before implementing the possibility of
taking burn-up into account in the storage rack design.
Methods for shielding and biological dose calculations related to fuel handling arc also being studied. A series of measurements was
therefore carried out in order to tcs gamma dose calculation techniques applied in connection with the loading of irradiated PWR
fuel assemblies in a transport container. The tests were carried out with a 6"Co source, simulating typical situations arising in a
sequence of manipulations. The primary objective is to verify the ability of the calculation methods to evaluate back-scattered
gamma dose rates in a complex geometry. Monte Carlo techniques arc implemented to solve such a problem.

3.2.3. DEVELOPMENT OF NON-DESTRUCTIVE FUEL EXAMINATION BY GAMMA SPECTROMETRY
(J.-L. Genicot, L. Lcenders, G. Minsart, V. Willekens)

Measuring devices

- The main parts of the new gamma scanning device, designed for the BR2 hot cells have been delivered. As the system has to be
made operational outside the BR2 hot cells in order to reduce the time of hot cell unavailability, a test bench, simulating the inner
cell geometry, has been installed in the hall of BR1. The mounting of the gamma scanning device has started.

(a) CASMO, a fuel burnup program

A. Ahlin, M. Edcnius. H. llUggblom

AE-RF-76-4158,June 1978
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- The B ATH YSCAN system, designed for the under water examination of LWR fuel assemblies or of BR2 irradiation rigs, has been
adapted and tested in a test bench, also installed in the hall of BR1, but simulating the BR3 pool geometry.
Later on the system was mounted in the BR3 storage pool, where the measurement conditions were adjusted in order to obtain the
power distribution of fresh unloaded fuel assemblies.

Data handling

- As the demand for non-destructive fuel examination by under water gamma spectromctry after a short cooling time is growing, the
routine data handling system has been adapted to take into account the presence of short-lived isotopes. Taking this opportunity,
the presentation of the results has been improved (normalization, compact tables, file transfer...).

- In some cases, the gamma spectromctry results have to be improved for the self-shielding inside the fuel or for the shielding inside
the structural materials. The calculation codes R0DSH1ELD (for fuel rods) and ASSHIELD (for fuel assemblies) have been made
operational for that purpose. The ASSHIELD code has been further improved to take account of angular effects, which appear
namely during the rotation of the assembly. This possibility can also be useful for the detection of defect rods inside the fuel
assembly.

Data analysis

As a support to the analysis of measurements on irradiated fuels, the evolution of the different types of BR3 fuel rods during
irradiation is being computed using the CASMO code with its associated cross-section library. Up to now, infinite patterns of fuel
cells have been studied for various initial compositions (235U enrichment, Pu content), up to 55,000 MWd/t; the variations of boron
concentration in the water and taking into account. The next step will be the analysis of assemblies with two fuel enrichments, and
later, it is scheduled to include gadolinium poisoned rods in the models.

3.2.4. APPLICATION OF NON-DESTRUCTIVE EXAMINATION TECHNIQUES
(J.-L. Genicot, L. Lccndcrs, V. VVillekens)

Tribulation programme

In the framework of the TRIBULATION programme (sec par. 3.4.) a number of non-destructive examinations was carried out. As
the main purpose of these examinations is to check the fuel integrity between the irradiation steps (pre-irradiation in BR3, transient
in BR2, post-irradiation in BR3), gross gamma scanning was considered as sufficient for most of the rods.

Up to now, 28 rods were examined after the pre-irradiation in B R3 and 13 of them were examined after the transient in BR2. One of
them was examined by gamma spectromery in order to check the axial power distribution as calculated for the transient operation
in BR2. This measurement allowed to re-check the burn-up distribution as accumulated in BR3; it was indeed possible to measure
the long-lived l37Cs fission product in presence of the short-lived isotopes. The burn-up shape factor obtained, 1.31 ± 0.04, is
indeed close to 1.28 ± 0.02, obtained after the pre-irradiation in BR3.

Wcstinghouse burnable poison programme

Two WESTINGHOUSE rods were examined non-destructivcly for the burnable poison programme of WESTINGHOUSE. They
were unloaded from two reassembled BR3/WESTINGHOUSE assemblies, which were irradiated for approximatively 4000 h in
the BR3/4C core. Both rods were examined by gross gamma scanning according to the standard procedure required by
WESTINGHOUSE.

Gadolinium programme

The BR3/4C core contains a high number of gadolinium bearing assemblies in order to control the high reactivity investment at
start-of-lifc.

At half-life of the core, i.e. after about 4000 working hours, two assemblies were unloaded for a non-destructive examination by
gamma spectrometry and reloaded for further irradiation. One of them contained 4 gadolinium rods (2 completely burnt and 2 half-
burnt ones), while the other assembly did not contain gadolinium in order to enable the comparison.

They were examined, in the BR3 storage pool, with the aid of the BATHYSCAN device, about 20 days after the reactor stop, so that
the power distribution could be deduced from the l40La activity.

The aim of this experiment was to check the axial power distributions as predicted by BELGONUCLEAIRE. The theoretical

, , . . . _ Max.'Lin. Power . ,
results, expressed as axial torm tactors F 7 = : arc in good agreement with the experimental results as shown

L Aver. Lin. Power
by Table 3.4.
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z1.
1.

28
35

Z
1.
1.

26 ±
35 ±

0.02
0.02

TABLE 3.4.
Comparison of measured and predicted axial form factor (F2)for two Gd-asscmblies irradiated in BR3

Assembly Predicted F Measured F ± e

B407 (without Gd)
B418M (with Gd)

3.2.5. NEUTRON FLUX INSTRUMENTATION FOR LWR POWER PLANTS
(L. Lcendcrs, R. Menil)

Since a few years, some LVVR power plants have problems with the BF3 counters associated with the start-up channels.
This instrumentation has to be sensitive enough to enable neutron detection during the refuelling and the reactor start-up; it has also
to remain reliable in spite of its long exposure to high neutron and gamma ray fluxes (for one reactor cycle, the thermal neutron
fluencc is about 2xl018n.cm'' and the gamma dose is approximately 109 Rad);

This aggressive environment as well as some exploitation rules arc probably the reasons of the defects observed.
A research programme has been started with the aim of improving the present situation; the following progress was made :
- the working and environment conditions of the instrumentation for the Docl 1 and Docl 2 reactors were clarified;
- a new moderator material was proposed; as it would change the counter sensitivity, a design reducing this sensitivity change is
under irradiation test;
- the use of fission chambers instead of BF3 counters docs not seem to be an interesting solution to this problem.

3.3. LWR FUEL BEHAVIOUR IN NORMAL CONDITIONS
(A.C. Demildt, R. Boden, P. Dc Reggc, D. Huys, J. Kctcls, J. Van de Veldc, J. Vandersteenc, C. Van Loon)

3.3.1. POST-IRRADIATION EXAMINATION OF BR3 ASSEMBLIES

3.3.1.1. Examination of the 3G55 assembly

The 3G55 assembly has been reassembled from 17 pins of the 3G54 assembly and three fresh ones and has therefore also been
designated as 3G54(R). It contains fuel enriched to different percentages in 235U and fissile plutonium. Most rods have a 10% fissile
content. It was irradiated in BR3 during more than 1000 EFPD, reaching a peak burnup of 60M\Vd/kg(M). The peak linear power
attained 560 W/cm. On the basis of the post-irradiation examination (PIE) work, it can be concluded that the fuel rods behaved
well, despite the severe irradiation conditions.
The PIE work involved Fomc preliminary non-destructive work and destructive testing mainly on three rods.

a) Eddy current testing combined with stereo visual control did not reveal any cracking or other serious cladding damage.

b) Six fuel rods were subjected to a puncture test. It showed a high fission gas release (Xc and Kr) in all rods, ranging between 32 %
for rods with the highest linear power rating and 15 % for those with lower ratings. Two of the rods had been pre-prcssurized with
He to about 2 M Pa as an attempt to improve the heat conductivity in the gap between pellet and cladding. However, this did not
have a marked effect on the gas release, due to closure of the gap resulting from fuel swelling.

c) Residual gas analysis on fuel samples taken from each of three rods near the peak linear power position showed a very low gas
content, in agreement with the data from the puncture test.
Determination of retained tritium did not show a simple relation to burn-up. Increased linear power might also influence the
retained amount in a negative sense.

d) Ceramographic and auto radiographic examinations were carried out on samples taken in the region of maximum neutron flux
and from different rods. Fuel rcstructuration is the dominant feature: it extends over 3/4 of the pellet radius. Homogencization of
uranium and plutonium is achieved in a grain growth zone extending over the inner half of the pellet radius. The pellet end dishing
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Fig. 3.3. Macrographs and micrographs of the 3G55 assembly irradiated in BR3.

The photographs present different views of a longitudinal section of a mixed (V\Pu) oxide fuel pin in the region of the linear power maximum.
Photographs (a), (b) and (c) show the pellet-pellet interface. Photograph (a) has been obtained by micrography of an etched surface. Closing of
the end dishes in the central part of the fuel column at the pellet-pellet interface is clearly visible. Remnants of the dishing extend to about 2.S
mm from the centre.
Photographs (b) and (c) have been obtained by a and ß-y autoradiography. respectively.

Micrographs (d) and (e)show details of the transition between the original fuel structure (lop) and the restructured zone. The pictures arc taken
at a spot of high radioactivity, circled also in (a) and (c). probably originating from non-uniform mixing of U02 and PuO2-

Micrograph (f) shows a detail of the interface between two pellets with a part of the original pellet and dishes and filling of the dish volume by
expansion of the fuel column in the central grain growth zone.

An isolated metallic particle, assumed to be an impurity introduced during fabrication can be seen on micrograph (g).

has partly disappeared as a consequence of fuel swelling resulting in axial expansion of the central part of the fuel column. Some of
these features can be seen on Fig. 3.3. The gap between fuel and cladding has closed completely. The cladding does not appear to be
attacked by fission products. At the fuel-cladding interface, an accumulation of cesium containing compounds has been found.

c) The radial Pu/(Pu+U) distribution profiles show a slight plutonium diffusion to the centre of the mixed oxide fuel.

0 Local chemical burn-up determinations show a general 7-10 % ovcrcstimation of bum-up values based on ncutronic calculations.
The relative burn-up is correctly evaluated by both methods.

3.3.1.2. Examination of the BR3/B101(R) fuel assembly

The dismountablc assembly B101 has a typical 17 x 17 PWR lattice with Zircaloy cladding and spacer grids.
It contains 28 fuel rods: 8 arc regular uranium fuel rods (U-typc), 8 contain uranium mixed with burnable poison (U/Gd-typc) and
the remaining 12 rods have mixed oxide fuel (U/Pu-type). The assembly was irradiated in BR3 in a central and unperturbed location
and reached an average burn-up of 34 M\Vd/kg(M) and a peak pellet burn-up of about 47 M\Vd/kg(M).

Non-destructive tests in the LHMA cells mainly consisted of stereo-visual examination of surface features and eddy current
scannings on all but three rods.

TABLE 3.5.
List of destructive post-irradiation examinations on fuel rods of the BR3IBI0I(R) assembly

Rod type

Rod number

U

1-495 F-3028 F-3029

U - P u

F-3033 F-3036 F-3044 4-66

U-Gd

2-381

1. Puncture and fission gas
analysis
2. Ceramographic examination
3. a and ß-y radiography
4. Dissolution test
5. Radiochcmical burn-up
6. Dissolution for gadolinium
analysis
Residual fission gas
Burn-up analysis by
scanning calibra-
tion (bumotheque)
9.Gadolinium analysis
(drilling)
10. Crud analysis
11. Microprobe analysis

X

XX

X

X

X

XX
X

X

X

X

XXX
XX

X

X
XX

X X

X XX X XX

XXX

XXX 7.
X X X X 8.

7"

X
XX
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TABLE 3.6
Fission gas release data for BR3/Bl01(Rjfuel assembly

Fuel rod
number type

Fuel Burn-up
composition average

MWd/kg(M) tion cm3

Calculated fis- Released
sion gas forma- fission gas

3 3cm3

Released
fraction

1-495 [U]
2-381 [U Gd]

4-66 [U Gd]

F-3029[U Pu]

235U 8,25 %
235U 8.25 %
Gd 3 %
235U 8,25 %
Gd 3 %
Una.
Pur 9 %

31.4
31.9

31.9

36.9

432
435

442

542

37.0
59.7

66.9

130.0

8.6
13.7

15.1

24.0

An extensive programme of destructive testing and examination was set up Table 3.5. presents a survey of the different tests
indicating those which have already been completed in 1982. The programme has been finished except for the Gd-analyscs of
specimens obtained from annular zones in fuel samples by a radial drilling technique.

a) Puncture test and fission gas analysis

The amount of fission gas in the rod plenum was measured by a puncture test. The result was compared with the calculated yield in
order to obtain the percentage release for each fuel rod. Four rods were selected for the test; the results are presented in Table 3.6.
The theoretical yield was calculated by assuming a fission gas production of 30 cm3/MWd. As can be seen from the data in the table,
the release percentages range from 8 % for the U rod to 14 % for the U/Gd rods and to 24 % for the U/Pu rod. It is not clear whether
these differences only depend on the irradiation conditions or also on the fuel composition. The U-typc and the two U/Gd-typc rods,
yielded almost identical burn-up (31 MWd/kg(M)) and rod-averaged linear power (29 kW/m) but the U/Gd-type delivered a higher
local maximum linear power (50 kW/m).
The U/Pu-type rods have been exposed to more severe irradiation conditions than the U-typc, reaching a local maximum or peak
pellet burn-up of 47 MWd/kg(M) and a rod-averaged linear power of 34 k\V/m. These differences would explain the higher fission
gas release percentages.

b) Fission gas retention

The retained fission gas is measured after dissolution of fuel samples taken from the highest-flux region of a rod. Consequently,
these samples have higher bum-up and linear power than the averages quoted for the whole rod.

Samples were taken from different rods, including those on which a puncture test was made, plus three additional U/Pu-type rods.

- U-typc and U/Gd-type fuel rods

The results of the residual fission gas analysis arc listed in Table 3.7. They indicate a higher fission gas retention for the U rod than
for the U/Gd rods. This result is in qualitative agreement with the fission gas release data reported under section (a).

TABLE 3.7.
Retained and released fractions of fission gas in the highest bum-up zone ofBR3jB10l(R)fuel assembly

Rod
number and type

1-495 (U)
F-3028 (U/Pu)
F-3029 (U/Pu)
F-3036(U/Pu)
F-3044 (U/Pu)
4-66 (U/Gd)
2-381 (U/Gd)

' Based on a theoretical fission gas production of 30 cm3 per MWd

Maxim.
burn-up
M\Vd/kg(M)

39.7
46.8
46.8
46.4
46.4
42.3
42.3

Fission
gas
formation
cm3/kg(M)*

1191
1404
1404
1392
1392
1269
1269

Retained
fission
gas cm3/
kg(M)

946.5
660.5
753.8
644.2
768.4
859.8
848.1

Percen-
tage
retained
(min.)

79.5
47.0
53.7
46.3
55.2
67.7
66.8

Percentage
released
(max.)

20.5
53.0
46.3
53.7
44.8
32.3
33.2
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Fig. 3.4. Cross-section of a U-Gdfitel type rod

of the BW(R) assembly irradiated in BRJ (1UX)

The amounts retained in the two U/Gd rods arc almost the same. The data were obtained using a gas mass spectrometer of the
magnetic sector type, with a resolution (M/AM) of 1000. This allows the determination of the chemical composition ofthe retained
fission gases with a relative deviation of less than 2 % at the 95 % confidence level.

- U/Pu-typc fuel rods

As the burn-up of the U/Pu-typc rods is higher than for the U-typc, more fission gas was formed but, as can be learned from the data
in Table 3.7., less gas has actually been retained in this fuel, resulting in a much higher release percentage.

Furthermore, differences in fission gas retention are observed among the U/Pu-typc rods even between rods with the same
irradiation characteristics. However, previous y-scanning ofthe rod with the lower release percentage (F3029) had revealed the
presence of Cs-pcaks in the zone of highest burn-up.

c) Microprobe analysis

Electron microprobe examination on rod F3O29 showed the existence of a good contact between cladding and fuel associated with
Cs migration and formation of cesium uranate. Asa consequence, good heat transfer conditions were established, resulting in lower
fuel temperatures and increased gas retention.
In the other rod (F3028) a Cs corrosion layer has been identified between cladding and fuel causing deterioration of the heat transfer
with ensuing higher fuel temperatures and decreased gas retention.

d) Fission gas analysis

- Measurements of the Xe/Kr ratio in the retained and the released fractions showed lower values for the latter in all three fuel types
considered.
- Apart from the known differences in Xc an Kr isotopic yields, resulting from U and Pu fission, there arc also additioncl effects
related to the burn-up. With increased burn-up more 136Xe and 8JKr arc build up whereas also more 13' Xc and 83Kr arc consumed.
As the retained gas is representative for high burn-up values and the gas in the rod plenum reflects the average bum-up, differences
in isotopic composition between these two categories arc to be expected.
A shift in the isotopic ratio was indeed observed, in the anticipated direction for 136Xc and l31Xc, in both U- and U/Pu-typc fuels.
No measurable effect was found for 83Kr and "''Kr.
The statistical deviation in the values measured is smaller than 1 % with a 95 "/„ confidence level, for all cases where tb^ isotopic
amount is equal to or larger than 10 times the detection limit.

e) Ceramographic examination

Macro-examination of cross-sections obtained by cutting at high-power positions ofthe U/Gd-type fuel rods revealed (Fig. 3.4.) an
irregular pattern of radial cracks which start at the outside surface of the pellet and of less clear circumferential cracks. These cracks
are due to thermally induced stresses during irradiation and to cooling of the fuel at shutdown of the reactor. The macrographs show
no evidence of central void and the central temperature was not sufficiently high to cause columnar grain growth.
The fuel shows a slightly kv-gcr grain size at the centre than near the cladding. The evidence of equiaxed grain growth suggests a
maximum central fuel temperature between 1400°C and 1700°C.
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Microscopic examination shows that there was a strong adhesion between cladding and fuel during irradiation and that the gap had
disappeared. During the cooling period, however, the fuel tended to shrink, giving use to circumferential cracks at the periphery.

Hydrides in the Zircaloy cladding occur uniformly distributed and mainly with circumferential orientation. However, there is no
evidence of massive hydriding or local radial orientation. Occasionally the hydrides clustered in a star pattern. None of the samples
showed any indication of stress-induced re-orientation. Sections of the Zircaloy 4 clad show a uniform oxide protective film of 3 u to
14 |i thickness on the outer surface.

f) Radiochemical burn-up analyses

Samples of the assembly have been dissolved for burn-up analysis, actinidc and Gd analysis. Chemical separation and mass
spcctroscopic measurements are in progress.

3.3.2. VARIOUS PARAMETRIC IRRADIATION EXPERIMENTS IN BR2
(R. Boden, ü. Huys, P. De Regge)

Samples of experiments P2, P7, P8, CEB9 and P17 irradiated in BR2 have been analysed for burn-up determination. All chemical
separations, radiomctric assays and mass spcctromctric analyses have been carried out. The data arc being evaluated.

3.4. THE TRIBULATION PROGRAMME

3.4.1. GENERAL
(F. Motte, II. Nacknerts)

The TRIBULATION programme was set up to study the PWR fuel behaviour at high bum-up and taking into account an eventual
earlier accidental transient in the power plant.
The programme was proposed to the international nuclear community in October 1979 by S.C.K./C.E.N. and BELGONUCLEAI-
RE. Since then some 20 organizations (fuel vendors, utilities as well as national laboratories) have decided to participate in the
programme.
The TRIBULATION programme includes 48 fuel pins, divided in subgroups of typically 4 pins (Table 3.8.), with various design or
fabrication parameters. For each subgroup the following typical irradiation programme is carried out.
The base irradiation of all pins is done in BR3 up to a preconditioning burn-up between 25 and 45 GWd/tN1 peak pellet. The linear
power of the fuel pins during this irradiation is typical for the 17 x 17 PWR design.
After this prcirradiation. all fuel pins are non destructively examined.
Fuel pin number 1 will then be destructively examined to establish the influence of the preconditioning irradiation. Fuel pin number
2 is further irradiated in BR3 up to 70 GWd/tNI to analyse the high burn-up cfTect.
Fuel pin number 3 is submitted to a fast operational transient in BR2 and is then examined to analyse the effect of the transient itself.
Fuel pin number 4 is submitted to a fast operational transient in BR2 after which it continues its irradiation in BR3 up to 70 GWd/tM

to study the effect of the intermediate transient on the high burn-up behaviour of the fuel.
After each irradiation period, all fuel pins arc submitted to a scries of non-destructive examinations: visual examination and
metrology, neutron radiography, gamma-scanning and eddy current testing. The destructive examinations consist in fission gas
release determination, ceramography, burn-up determination and local residual gases analysis.

3.4.2. TRANSIENTS IN BR2
(H. Nackacrts, A. Falla, W. Detavernier)

After the preconditioning irradiation in BR3,23 pins of the TRIBULATION programme arc submitted to an operational transient
in the BR2 reactor.
The transient consists in a preconditioning period at 250 - 300 W/cm for at least 2 days, followed by a rapid power increase to 320 -
460 W/cm. After 1 or 10 minutes, the power is rapidly decreased to well below its preconditioning level.
The rapid power increase rate is about 25 W/cm.s. The fast power transients arc carried out in the irradiation device called PWC
(Pressurized Water Capsule) which simulates the coolant pressure and temperature encountered in a large PWR. The rig is easily
reloadable in the BR2 hot cells with BR3 pre-irradiatcd fuel pins. The PWC capsule is surrounded by the device CCD (Control and
Calibration Device) which measures the power dissipated by the fuel pin. It also controls the fission power by means of an 3Hcgas
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TABLE 3.S.
TRIBULA TION : General programme for each fuel pin subgroup

OPERATION FUEL PIN

1. Preconditioning irradiation in BR3
up to 20 - 40 GWd/tM

2. Non-destructive examination in
BR2 and LHMA hot cells

3. Fast operational transient in BR2

4. Non-destructive examination in
BR2 and LHMA hot cells

5. Continuation of irradiation
in BR3 up to 70 Gwd/tM

X

X

X

X

X

X

X

X

X

X

6. Non-destructive examination in
BR2and LHMA hot cells

7. Destructive examination in
various laboratories X X

gap surrounding the fuel pin. Due to the high cross-section of 3Hc for thermal neutron capture, power cycling can be done by
changing the pressure in the 3Hc gap surrounding the fuel pin. Fig. 3.5. gives the relative effect of the 3He pressure on the total power
dissipated by the TRIBULATION fuel pins.

By the end of 1982 13 fast operational transients have been carried out in the BR2 reactor on TRIBULATION fuel pins using three
PWC and three CCD rigs. Loading and unloading of the capsules was done in the BR2 hot cells.
A number of fuel pins which were submitted to a fast operational transient arc already reloaded in the BR3 reactor for the
continuation of the irradiation; no major problems have yet been noticed due to the previous transient irradiation.

1.0

Fig. 3.5. CCD-3He screen - Effect of3He pressure
on the lineair heat generation rate for tribulation fuel pins
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3.4.3. EXAMINATION OF FUEL PINS
(A.C. Demildt, C. Van Loon, J. Vande Velde)

LHMA participates in the non-destructive examination of TRIBULATION fuel rods; about 30 fuel rods have been examined.
Stereo-visual examinations of each rod, before and after the transient as well as eddy current scannings have been carried out and
are still going on. Some new equipment and techniques have been introduced for this programme.

3.5. MECHANICAL TESTS ON SUBASSEMBLIES
(J. Parent)

Vibration tests on a PVVR fuel assembly type RCC 14 x 14, were continued to determine its first four resonance frequencies.
Previous tests have shown five resonance frequencies of the system, in the range of zero to 50 Hz, for the first four vibratory modes;
one of those five frequencies is thus a parasistic one. Investigations, using the Fourier Analyser System, show that the third of those
frequencies was due to the supporting frame instead of the fuel assembly itself. The other four frequencies correspond to the first
four vibratory modes of the assembly which has, for each of them, a homogeneous behaviour. The fifth and the sixth vibratory
modes are resonance modes of rods, not transmitted to the grids.

Subsequent tests were devoted to the study of the vibratory behaviour, with a variable or a constant vibrator force acting on an
intermediary grid of the assembly and with a constant or a variable vertical spring force.
The results indicate that in the usual operating conditions, the value of this vertical spring force has a small influence, but that, on
the contrary, the exciting force is a more important factor.

Owing to the polar Nyquist presentation of the transfer functions, it is easy, when the scales arc well known, to evaluate the damping
factors for the principal resonance modes. A final report, summarizing the test results, has been made.

3.6. REACTOR PRESSURE VESSELS

3.6.1. RESEARCH AND DEVELOPMENT PROGRAMME
(A. Fabry, J. Dcbruc, Ph. Van Asbroeck, G. De Lecuw-Gierls, S. De Lceuw, L. Lcenders, G. Mipsart, H. Tourwc)

The main objective of this work is to validate ncutronic calculation methods applied in pressure vessel surveillance programmes, in
connection with vessel steel cmbrittlcmcnt due to fast neutron damage effects. The programme is based upon :

- intercomparisons between calculations and measurements carried out in research and power reactors and

- intercomparisons of theoretical calculations with respect to nuclear data uncertainties

in the framework of a co-operative agreement with US laboratories (HEDL, ORNL, NBS) sponsored by the Nuclear Regulatory
Commission (NRC) [296, 494].
3.6.1.1. Work in research reactors

The validation work related to research reactor experiments makes use of measurement data obtained in PCA (Pool Critical
Assembly, ORNL), PSF (Pool Side Facility of the Oak Ridge Research reactor ORR) and VENUS (S.C.K./C.E.N., Mol).

The PCA experimental results have been reported in the NUREG/CR-1861 document edited in 1981. In 1982, S.C.K./C.E.N.
contributed to the analysis of the gamma dose rate measurements carried out in the different configurations. Gamma heating
calculations arc mainly required to determine the irradiation temperature in surveillance specimens and in structural components
around the core (barrel, vessel) in a power plant.

The application of specific experimental techniques in PCA has been described in [295] and [290], respectively the utilization of
thermoluminescent gamma dosimeters and of silicon P.I.N. diodes as neutron damage monitors.
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In PSF, an irradiation programme of steel specimens has been completed in June 1982. At the end of the irradiation, the fast neutron
fluence amounted to 2 x 10I9n/cm2 at the 1/4 T position of the pressure vessel simulator. Neutron dosimetry measurements related
to the surveillance capsules SSC-1 and SSC-2 were carried out at S.C.K./C.E.N. Measurements of the dosimeters irradiated in the
pressure vessel simulator are in preparation. The aim of the mechanical tests on steel specimens and of the dosimetry measurements
in this programme is to examine the validity of the concepts (neutron fluence above 1 McV and displacements per atom) for the
determination of the mechanical property change of a pressure vessel steel on the basis of surveillance data (post-irradiation
examination of surveillance capsules and possibly out-of-vcsscl flucncc measurements). S.C.K./C.E.N. contributes to the revision of
the ASTM Standards related to this problem.

The analysis of the perturbation experiment in ORR-PSF has been finalized [300]; this experiment was related to the local neutron
flux perturbation created by a surveillance capsule and its implication on lead factor calculations.

The objectives of the experimental programme to be conducted in the VENUS zero power reactor from 1983 onwards were defined
on the basis of detailed calculations for different core configurations [493]. The main characteristics of the VENUS loading for this
programme are (Fig. 3.6.):

- the core is composed of PWR fuel pins and the corc-rcflcctor interface (baffle) is a correct simulation of the core boundary in a
PWR;

- the core geometry is derived from the arrangement of the peripheral fuel assemblies facing the barrel in a PWR, so that the
azimuthal variation of the fast neutron flux outside the core in VENUS is similar to the one existing in power reactors.

Two particular features have to be mentioned : the loading of pyrcx rods in the central region in order to flatten the power
distribution and to increase the flux level in the reflector with respect to the reactor power, and the presence of a central calibration
facility for the calibration of the experimental measuring devices (fission chambers, neutron activation detectors, neutron and
gamma spectrometers, gamma dosimeters, track recorders and emulsions).

After the detailed design and the manufacture of the new internals, the reactor core was modified and the fuel was loaded in
December. After the first criticality, the pyrcx rod pattern was adjusted in order to make the reactor slightly supercritical with the
water at the nominal level. As the theoretical prediction was fairly good, only minor adjustments were necessary.

Fig. 3.6. Schematic view of the VENUS reactor cor loading as built for the pressur vessel dosimetry programme.

Neutron Pad
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In parallel, the development of experimental techniques was started, taking into account the specificity of the measurements in
VENUS :

- a coincidence counter for activation measurements at very low flux levels, particularly in the barrel and in the neutron pad. was
made operational;

- the characterization of the 235U fission spectrum reference neutron field in BR1 was refined [294]; the determination of highly
accurate absolute fission rates by means of miniature fission chambers relics upon this characterization;

- the same facility in BR1 was also adapted to provide mixed neutron-gamma reference fields, in order to calibrate gamma
dosimeters and to verify their reliability in relatively intense thermal and cpithcrmal neutron fluxes.

Finally, a data acquisition system with on-line computation was purchased and programmed to control simultaneously ten fission
chambers.

3.6.1.2. Dosimetry in power reactors

The dosimctry results obtained by measuring the dosimeters unloaded from the surveillance capsules of the DOEL and TI MANGE
reactor vessels (sec par. 3.6.2.) are supplemented by out-of-vesscl fluence measurements. These measurements allow to obtain
systematical informations concerning the axial and azimuthal fluence distributions, and to determine the accumulated neutron dose
in function of the reactor operation time. Dosimeters were therefore loaded in DOEL. 1 and 2 outside the vessels; dosimeters
irradiated previously were unloaded and measured. A detailed analysis is necessary to project the results into the vessel.

In order to recalculate the lead factors used in the surveillance programmes with validated computation methods, a calculation
programme was prepared to convert a pin to pin power distribution (X,Y coordinates) into a (R. ) distribution as needed for
neutron transport calculations from the core to the vessel.

3.6.1.3. Development of calculation methods und of dosimctry techniques

- A benchmark problem was proposed to the OECD member countries in connection with the propagation of fast neutrons and
gammas outside a reactor core, through the vessel and the concrete shielding. S.C.K./C.E.N. took part in this intcrcomparison
[401].
In the conclusions, various aspects of the calculation methods were stressed (approximation levels, neutron energy group structure)
and also the relative importance of the different cross-sections used (sensitivity calculations).

- The results of an intcrlaboratory comparison of fluencc dosimeters carried out in the framework of the PSF characterization
programme were published [299].
In this work, the development made at S.CK./C.E.N. to improve the utilization of niobium as a fast fiuence dosimeter for long-term
irradiations has been pointed out.

3.6.1.4. Support to 13R3 operation

Various tasks arc in progress in support of the operation of BR3, more particularly beyond cycle 4C. Besides the dosimetry work
[297], one should mention :

- the irradiation of archive weld materials provided by Babcock-Wilcox, constructor of the BR3 vessel, in order to obtain
cmbrittlemcnt data for the BR3 vessel irradiation conditions, possibly after wet annealing of the vessel;

- the preparation of a sampling operation in order to confirm the composition of the longitudinal weld of the vessel;

- the fracture mechanics analysis of the vessel behaviour in case of severe thcrmohydraulic transients.

3.6.2. PRESSURE VESSEL SURVEILLANCE OF BELGIAN POWER PLANTS
(Ph. Van Asbroeck, P. De Regge, J. Ketcls, J. Pelsmaekcrs, T. Rymen, H. Tas, H. Tourwe, \V. Vandermeulen, J. Vim de Velde, C.
Van Loon, D. Huys, R. Bodcn, P. De Regge)

Services rendered on behalf of reactor operators in pressure vessel surveillance programmes for Belgian power plants include the
following items : unloading of containers and dismantling of capsules in the hot cell, mechanical testing (impact, tensile, fracture
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mechanics, hardness), mctallographical examinations, microprobe and fracture surface analysis, chemical analysis, measurements
on neutron fluencc and temperature monitors. The new hot cell facility has been put in operation on irradiated materials from two
Docl 2 surveillance programme irradiation capsules. For Charpy V testing, the instrumented impact machine has been calibrated
with success following ASTM standard using as requested US army materials and mechanics research center standards.
Fissile fast neutron dosimeters have been analysed for the Tihange 1 andtheDoel 1 rcactors.Thercsultsbascdon137Csand144Ce
isotopes show systematic differences of 10 to 20 %. The long irradiation history and the significant in-pile decay correction factors
arc responsible for these discrepancies.
The process for the qualification of the S.C.K./C.E.N. laboratories for testing of surveillance capsules is going on.
Numerous physical metallurgy studies were carried out on reactor component materials from Docl 1, 2 and 3.

3.7. SAFETY RELATED RESEARCH AND INSTRUMENTATION
(M. Decreton)

Assessment works for practical implementation of noise thcrmometry have been further carried out. The technique, based on the
measurement of the electronic noise generated in a resistor at a given temperature, offers the possibility of accurate high
temperature measurements with great stability in time and high independance with respect to environmental effects on the
measuring sensor. This stability is particularly important in a nuclear environment where the more conventional measurement
techniques, as thermocouples for instance, arc subject to large dccalibration shifts due to material transmutation and high
temperature diffusion processes.

Development work on the sensor design (lay-out of a resistive coil in a very small volume), on the electromagnetic immunity ofthe
system (shielding and preamplifier design) and on the measurement procedure automation (microprocessor controlled
measurement sequence) have been continued. Out-of- pile tests have been carried out with a prototype installation from room
temperature up to 1800 K. The overall accuracy was found better than 1 %. More work is still in progress on increasing the
indcpcndancc to parasitic noises (noise pick-ups in the cables and preamplifier internal noise) and on improving the mechanical
resistance of the sensor.

3-19



Chapter 4

FUEL CYCLE

4.1. REPROCESSING AND ASSOCIATED EFFLUENTS TREATMENT
(L.H. Bactsle)

After many years of indecision about the nuclear energy policy in Belgium and in particular about the possible resumption of
reprocessing activities at Eurochcmic, the Belgian parliament voted in favour of nuclear electricity production and accepted the
principle of reopening the Eurochcmic plant. There was no limiting figure on reprocessing capacity as such but an effluent discharge
limit was imposed at the same level as the one authorized during previous operation.

The R&D programme was continued along the same lines as during previous years but emphasis was laid on these parts which
might be of direct interest to Eurochemic. Two solubility tests at the 0.5 kg scale were performed on fast fuel and on Pu-rccyclcd fuel
irradiated in BR3. The Pii-rcsiduc left after a standard dissolution procedure did not exceed \% of the initial amount.
The gas purification studies have been continued in the integrated 25 Nm3h"' gas loop. The commissioning tests of the DEOXO unit
and the subsequent operation campaign with streams containing up to 10% hydrogen ran smoothly and did not raise any additional
safety problem.

The development of head-end components was focussed on the development of a double pin chopper. The machine was delivered
during the third quarter and was put into operation with Zircaloy fuel pins filled with non-irradiated UO,. Other items e.g.
centrifugal clarification of insoluble residues and ultrasonic cleaning of leached hulls received further attention. Work on the tritium
separation continued in the 1.4 k\V laboratory pilot in which decontamination factors of 100 to 300 have been obtained. The SO k\V
pilot demonstration unit is under construction.

The contribution to the PAMELA project includes the parametric study and optimization of the off-gas purification train and the
adaptation of analytical equipment to monitor the off-gases. A bench scale melting furnace is under construction.

4.1.1. HEAD-END STUDIES

4.1.1.1. Solubility of irradiated UO2-PuO2 fuel
(R. Boden, A. Daniels, P. Dc Rcgge, D. Huys)

A quantity of 0.827 kg chopped Pu-rccyclc fuel irradiated in BR3 to a mean burn-up of 30 MWd/kg has been dissolved in a boiling 2
liter solution of 8M HNO3. Samples from the dissolvcr solution have been taken every two hours. After the dissolution and rinsing
operation a residue of 2.2 g was recovered on a 0.45 urn filter.

Before starting the dissolution, the fuel had been left overnight in the 8 M HN0 3 and this can explain the high fuel concentrations
observed already after two hours of boiling. Only the dissolution of Ru and Zr seems incomplete after two hours. The rinsing liquid
was mixed with a dissolver heel of about 100 cm3, which accounts for a quantity of the order of 5 % of the original fuel in the rinse
solution. Only 106Ru and 125Sb show significantly higher values and continued to dissolve in the rinsing phase.

About 28 % of the residue was soluble in 10 M HNO3 + 0.1 M HF. In this solution 0.85 % of the total Pu was found together with
0.26 % of the Cs isotopes, 4.6 % of the Cs isotopes, 4.6 % or the 106Ru and 0.78 % of the 125Sb.

4.1.1.2. Clarification of the dissolvcr solution
(A. Daniels, D. Huys)

The NCT ultracentrifuge and accesory equipment has been installed into the S PC hot cell. Ccntrifugation tests on different types of
dissolver solutions (Pu recycling, FBR) arc scheduled for 1983. Fig. 4.1 shows the centrifuge installed in the SPC hot cell.
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Fig. 4.1. View of the NCT high speed centrifuge installed in hot cell

4.1.1.3. Characterization of dissolver residues und solids analysis of stainless steel cladding from DFR fuel
(P. De Regge, D. Huys)

A small number of hulls from mixed oxide fuel dissolution experiments have been analysed. The two sets of hulls show different
patterns of associated actinides and fission products. This is due to the different dissolution schemes applied for the experiments,
resulting in the dissolution of 16 % of the cladding material in the first case and only 4 % in the second case. The quantities
associated with the hulls are thus either mechanically attached or still present at the interface between cladding and fuel after
etching. In this case, it has to be assumed that the weight loss occurred only on the outer hull surface. This would be consistent with
the carburization of the steel in flowing sodium-potassium during the irradiation in DFR. Using the isotopes 54Mn and 6llCo as
indicators for the extent of dissolution of the hulls, the following observations have been made :
- at 58 % dissolution ofthc hulls, 70 to 93 % of the 144Cc, 60 to 73 % of the 1{)6Ru, 74 to 97 % of the l37Cs and 99 % orthe I'u associated
with the hulls has been dissolved.
- at complete dissolution of the hulls 24 to 27 % of the ")6Ru still remains as a residue incorporating also a small quantity of 137Cs
(1 to 10 %).

The quantities associated with the hulls and their relative magnitude with respect to the total fuel uantity in the experiment are
shown in Table 4.1.
The percentages are in general higher than those previously reported and resulting from non-destructive gamma assays, although
the order of magnitude is confirmed. The number of hulls used in this study was only 6 to which represents 2 to 3 % ofthc total
number. Inhomogcneous distribution of the insolubles on the hulls and gamma-ray absorption effects can explain the differences
observed.

4.1.2. PURIFICATION OF REPROCESSING OFF-GASES
(G. Collard, L. Gcens, VV.R.A. Goosscns, C. Parmenticr, Jf Vaescn)

The purification of gaseous effluents from a batch type dissolvcr was further developed on the technical scale of 25 n v V gas under
non-irradiated conditions. The main fraction of the iodine species present in the dissolvcr off-gas is retained in a packed bed
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TABLE 4.1.
Fission products and plutonium associated with the hulls ofFBRfuel after

dissolution

EXPERIMENT 1 EXPERIMENT II

uCi/g hulls % of total uCi/g hulls % of total

Ce
»7Cs
106Ru
54Mn
60Co

52
138
350
248
290

0.55
0.03
7.0
24
84

45
1650
465
269
305

0.50
0.50
10.0
96
96

Pu 394 |ig 0.04 6.23 nig 0.70

scrubber with a Mcrcurex solution as washing liquour. A cost estimate made on the basis of the experimental results showed that
this Mercurex process is economically competitive in comparison with advanced processed developed elsewhere.

The krypton present is trapped in a cryogenic distillation unit prccceded by different gas conditioning steps. A major step is the
catalytical reaction of oxygen containing gas with hydrogen as reagent in order to decrease the oxygen content to 1 ppm at the
entrance of the cryogenic section. This year, the integration of the catalytical oxygen destruction unit, called DEOXO, has been
mechanically finished and fully commisioned. Further, the commisioning of the DEOXO unit itself has started. Two long duration
tests were performed with hydrogen from gas bottles as hydrogen source. In this way, it became possible to show that the oxygen
content of the outlet gas of the DEOXO unit is lower than 10 ppm. Moreover, the set points of the complex control system could be
optimized. More tests arc planned as soon as a large hydrogen source becomes available cither as gas bottle rack or as a 80 k\V
clectrolyscr. The latter still displays major operational difficulties which did not allow to link this electrolyscr directly to the
DEOXO unit. After many elaborate interventions and maintenance, this 80 k\V clcctrolyscr is now ready for the final
commissioning.

This krypton removal by cryogenic distillation proceeded by an oxygen destruction unit has been presented in various international
seminars and congresses as the European reference technology. From the mutual information exchange and from the first scientific
indications obtained at the university of Lcuvcn, it seems now possible to operate a cryogenic unit for krypton removal in the
presence of oxygen. Hence, this alternative process mode will be tested next year and financial support from the European
Commission has been obtained for this alternative.

4.1.3. HERMES PROJECT
(G. Collard, L.H. Bactsle)

The project has been delayed until positive recommandation by the Belgian Parliament about the future of reprocessing in Belgium.
Further negotiations with representatives of the electrical industry reduced the scope of the project so that it docs not consist any
longer of a complete demonstration project but of several process development steps related to the head-end and which could be
useful for a future Belgian reprocessing plant.

4.1.3.1. Design and construction of hot cells
(E. Colligison, R. Harnie)

The cell C4 for storage of solutions has been mounted in the cellar. The cell C3 for rccirculation of washing solutions has been
constructed and is ready to be mounted.

Most of the drawings of the dissolution cell C2 are finished. The pieces of the lock to be placed between Cl and C2 have been
/ ordered.
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4.1.3.2. General flow sheets

Taking into account the relative uncertainty about the future orientation of the project, studies of alternative reprocessing flow
sheets for further treatments of U-Pu solutions have been delayed. Nevertheless, the decontamination of those solutions is
examined as a necessary step before transportation of fissile materials to Eurochcmic.

4.1.3.3. Mechanical operations
(J. Broothaerts, R. llarnic, .1. Sleurs, T. Vim Ransbccck)

- The second prototype chopper and its automatic feed mechanism have been constructed, delivered and mounted with the
prototype divcrtcr to be used to divert the chops either to the dissolvcr or to a basket placed in the adjacent cell. The chopper cuts
two rods in a single stroke. The unit successfully underwent functional tests.

The loading magazine provides accommodation for 50 fuel rods which arc consecutively transferred, in pairs, to the shear feeding
system. The feeding unit is made up of two pairs of pneumatically driven clamps which stepwisc introduce the fuel rods into the
shearing head. Presently, the maximum chop length is 25 mm, but a small modification of the system could allow to produce chops
of 50 mm length. In the shearing head formed by a gas tight stainless steel housing, a pair of hardened steel blades arc hydraulically
driven at a rate of 42 cuts/min providing 85 chops/min. Further cold tests with dummy UO, rods will be continued to obtain
confirmation on the previous results while some modification will be made in order to improve remote operations and maintenance
of the chopper in hot cell coditions. Fig. 4.2. shows a general picture of the chopper.

- Due to other priorities, tests on the vibrating grinder "Vibratom" have been delayed.

- Tests have been performed at laboratory scale on ultrasonic cleaning of leached chops. Promising results lead to the design and the
construction of a unit with a capacity of 10 dm3 chops. This new prototype has just been delivered and parametric studies are
planned for 1983.

Fig. 4.2. General view of the double pin chopper
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- While a 3000 kN (300 t) press was ordered in the framework of the CEC study on the conditioning of hulls by compaction and
embedding into a lead matrix, a small press has been mounted in the SPC hot cell and has been tested with real Zircaloy and
stainless steel hulls from dissolution studies. Influence of the volume reduction on the penetration of lead and of the embedding
temperature on further leaching of fission products is under study.

4.1.3.4. Cold tests on delivered equipment
(L.P. Geens, J. Vacsen)

- Packed scrubbers to be used for removal of nitrogen oxides and iodine compounds have been commissioned together with the
rccirculation pumps of washing solutions. The columns worked satisfactorily in the normal working conditions. Some minor
modifications had to be made on the piping to avoid draining of the pumps during stand still periods.

An industrial type of these pumps underwent a reliability test during more than 20,000 h in intermittent operations with a nitric acid
solution of mercuric nitrate and iodine.

- Miscellaneous pieces of equipment such as differential pressure cells, temperature sensors to be placed in solution tanks, vacuum
pumps,... have also been commissioned.

4.1.3.5. Lay-out
(A. Daniels, R. Ilarnie)

Some modifications were made on the lay-out of the equipment of C2 in order to facilitate its mounting. The mock-up cell was built
to test the mounting operations in the C2 hot cells. Isometric drawings of the most important pipes have also been done with the
mock-up cell as example.

The study of the articulated "jib arm" to be used in cells C1 and C2 is going on. Due to the uncertainty about the possible extension of
the project, the study of the general lay-out of the periphcrical cells and auxiliary equipment has been delayed awaiting a decision
with regard to the Eurochcmic programme.

Lay-out of piping connecting the equipment located in the alpha box C2 and the instrumentation-, mock-up - and analysis devices
placed has been studied. Drawing of the pipes between the concrete shielding and the alpha box and of the penetrations in the alpha
box have been completed. These drawings will be revised in order to account for the reduced scope of the project.

4.1.3.6. Analysis and instrumentation
(P. De Rogge, F. Ven)

- Due to other priorities, little progress has been made in the analytical studies. Nevertheless the measurement of 129I by means of a
laser is studied in collaboration with K.U.Lcuvcn. The first results arc promising.

- Wiring material has been irradiated in the BR2 reactor in order to determine their mechanical resistance in intense radiation fields.
A compromise between radiation resistance and corrosive resistance will have to be found.

- The necessary temperature sensors for the equipment of C4 and C2 have been ordered.

4.1.3.7. Process and cell ventilation
(P. De Meyer)

The mounting of the primary double loop ventilation of Cl, C2, C3 and C4 cells in the cellar of the building has been finished.
Mechanical commissioning has been made, but further progress in this field depends on the decision on the future lay-out of the
chemical hot cells.

4.1.4. SEPARATION OF TRITIUM FROM AQUEOUS EFFLUENTS
(A. Bruggeman, W.R.A. Goossens, R. Leysen, L. Meynendonckx, C. Parmentier)

In the framework of the indirect research programme of the CEC and in view of the needs of the future Belgian reprocessing plant at
the Eurochemic site, the ELEX process for the separation of tritium from aqueous effluents was further developed. Catalytic tritium
exchange studies were continued but most emphasis was put on a demonstration and optimization of the integrated process at
bench scale. The detailed design of a larger pilot detritiation installation is nearly finished and its construction has been started.
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Fig. 4.3. Graphical representation of the detritiation results obtained during long duration tests

Additional tritium exchange experiments in a counter-current packed bed reactor confirmed the high over-all tritium exchange rate
constants, up to 100 mol s^.m"1, that were obtained by combining a more porous catalyst with a more efficient packing material and
a wetting procedure before start-up.
The addition of oxygen to the hydrogen further increased the over-all exchange rate constant. The addition of carbon monoxide
poisoned the catalyst.

From a preliminary evaluation it follows that the amount of catalyst required by a bithcrmal tritium separation process, that would
work under the conditions studied up to now for the exchange part of the ELEX process, would be at least two orders of magnitude
higher than the amount for the corresponding ELEX process.

The maximum allowable tritium inventory of the bench scale ELEX installation was increased to 100 Ci. In this 10 mol.h'1 mini-
pilot, three active, integrated and long duration experiments were carried out at feed concentrations of 20 mCi tritium per dm3 water
for the first and 100 mCi per dm3 water for the second and the third run.

The ELEX process was succesfully demonstrated by detritiating up to now more than 1 m3 of water containing up to 100 mCi
tritium per dm3, which is the feed concentration to be expected for application of the process in a reprocessing plant. The process
decontamination factor was always higher than 100. The volume reduction factor increased linearly with time and for the 1000 to
1500 hours experiments, it ranges between 10 and 15. Results of a long duration bench scale detritiation experiment are shown in
Fig. 4.3. Higher volume reduction factors will become possible with a '.lew, low-volume elcctrolyser. The over-all tritium balance
could be kept within the experimental errors of the various measurements. The technical availability of the installation was high and
there were no contamination problems.

Based on the previous experience, a pilot detritiation installation has been designed and is under construction, which may be
considered as the ultimate step before industrial application. This pilot facility consists mainly of a 80 kVA clectrolyscr and a 10 cm
diameter exchange column with an enriching and a stripping part, installed in a ventilated enclosure. In this loop, which will have a
total tritium inventory of maximum 1000 Ci, the ELEX process will be demonstrated in large scale conditions. The facility has been
designed on the following basis:
- throughput: 0.15 m3 H2O (HTO) per day;
- feed concentration : 100 Ci tritium per m3;
- volume reduction factor : 100;
- process decontamination factor: 100.
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Fig. 4.4. Laboratory unit for semi-pilot scale test on airborne Ru. Cs and Sb capture

4.1.5. SUPPORT TO THE PAMELA PROJECT FOR THE VITRIFICATION OF MICH LEVEL LIQUID WASTE
(M. Klein, C. Weyers, II. Pcpcrstructc, W.R.A. Goossens)

In the framework of the HAW technological programme PAMELA for the development of a vitrification process for high level
liquid waste sponsored by DWK. the capture of semi-volatile compounds of ruthenium, cesium and antimony was investigated on
laboratory scale and a semi-pilot scale unit for tracer tests was constructed (Fig. 4.4.).

Two laboratory liquid fed waste mclters of 2.5 kg capacity (VITRILAB I and II) with bottom drain have been used for the study of
the behaviour of Ru, Cs, Sb when a simulated liquid waste LEWC solution, traced with lll3Ru, l34Cs and l-4Sb is directly fed on the
molten glass surface. The volatility of Ru for a liquid flow rate of 0.14 1/h ranges from 15 to 20 % at the start of a run but rapidly
decreases to values ranging from 10 to 7 % as soon as a molten glass layer covers the glass surface. The volatility of cesium is lower
but more variable, the volatility ranging from 8 to 0.25 %. Antimony is volatilized to a very low extent, ranging from 1.2 % to 0.1 %.
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The initial PAMELA design of the off-gas purification line comprised a sequence of equipment consisting of a dust scrubber, a
silica-gel trap, a condensor, an ejector venturi, NO, washing towers and final HEPA filters. The experiments performed in
VITR1LAB 1 have indicated that the silica-gel bed, initially designed to trap specifically the volatile ruthenium species, could be
removed from the off-gas line. Indeed, only non-volatile submicronic aerosols were found to be present at that stage so that the
silica-gel bed became redundant.

The off-gases of the meltcr contain entrained dust, submicronic condensation aerosols and volatile species. The dust scrubber,
operating at 89-92°C, acts as a quencher and removes more than 90% of the meltcr releases. Another fraction of the aerosols
remaining in the off-gas arc then removed during the condensation processes; the DF for the condensor ranges from 3 to 5. The
ejector venturi operating with a nozzle pressure of 3 bars and at 30°C is a very efficient submicronic aerosols trapping unit with high
performance at different loading conditions. The DF of the ejector venturi increases when the DF of the system (glass oven, dust
scrubber, condensor) decreases, and decreases in the opposite case so that the over-all DF from glass oven to ejector venturi
remains high. During the experimental runs, over-all DF's from glass oven to ejector venturi ranged from lO^ to 106 for ruthenium,
from SxlO3 to 106 for cesium and from 5xlO5 to 7xlO6 for antimony.

Simultaneously to these experimental runs, the construction of the Retention Unit for Filtration of Unidentified species of Scmi-
volatilc radionuclidcs, called RUFUS, has been continued and will be finished in 1983. This unit comprises a alas mcltcr containing
40 to 50 kg molten glas with a surface of 1250 cm2. LEWC traced with ")3Ru and 1?4Cs will be fed at a throughput of 2 to 31/h and
molten glass can also be continuously fed at 2 to 3 kg/h.

The main components of the off-gas purification line are a dust scrubber, a condensor and an air ejector. The condensor and the air
ejector can be interchanged by a by-pass valve system.

Additionally, a gas sampling system has been designed and tested for use in the PAMELA pilot installation. Its main components
are an impactor or a glass fiber filter, a condensor, a wash bottle and an absolute filter. The cut-oP/particlc diameter of the impactor
was determined experimentally within the flow range of 0.2 to 0.6 m'.li"1.

Finally, analytical assistance was given to the demonstration runs of the PAMELA process in the KS-2 cold pilot unit at the
Eurochcmic site. Three on-line monitors were calibrated and branched to three sampling points of the ofi-gas line ofthc KS-2 unit,
namely a chcmiluminizcr for the analysis of nitrogen oxides, a process Chromatograph for the determination of sulphurous oxide
and an infrared analyser for the analysis of SO-,, NOX and H2O at relatively high levels. The data allowed to check the performance
of the gas purification devices under various operating conditions. In general, it was demonstrated that the SO-, level in the off-gas is
negligible, while the NOX levels can reach important values under certain conditions.

4.1.6. AEROSOL FILTRATION AT ELEVATED TEMPERATURE BY REGENERATIVE METAL FIBERS
(M. Klein, W.R.A. Goossens)

In the framework of the indirect research programmaof thcCEC, the filtration of submicronic aerosols on metallic filter materials
has been studied.

The aim of this study is the development of fibre metallic prcfiltcrs with high dust loading capacities and which could be regenerated
in-situ in order to extend their operational lifetime. They should retain most ofthc aerosol load ofthc gaseous effluent and they
should be corrosion resistant in the process stream at high temperature (incineration or vitrification).

High porosity mats and sintered webs composed of stainless steel fibers developed by BEKAERT N.V. have been tested for their
filtration performance at room temperature. This screening study using monodisperse latex aerosols has led to the choice of three
filter types.

Type 1 : 5 layers of porous mats WBO4 (fibre diameter 4 urn)
Type II :
3 layers of porous mats with a fibre diameter 12 urn +
3 layers of porous mats with a fibre diameter 8 urn +
3 layers of porous mats with a fibre diameter 4 (.im
Type III : 1 layer of sintered web ST 10 AL 2.
The filtration performance of the three filter types and the regeneration by spray washing has then been studied at room
temperature using a submicronic methylene blue aerosol. The regeneration by spray washing has been studied for two filter
configurations : a fiat type disc filter and a candle type filter.

The fiat type filter configuration, with gas flowing upwards and spraying nozzles above and below the filter surface, is better suited
for regeneration by washing than the candle type.

The three filter types in the flat type configuration have then been tested at high temperature.
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In a stainless steel calcincr operating at 7()()°C, a simulated nitric acid waste solution containing nitrate salts ofNa. Fe.Cr. Al. Mn.
Cs, Sr, Ba, Cc, Mo, Rb, Y and La and tagged with l34Cs isotope is fed and by calcination generates an aerosol containing soluble and
insoluble compounds. The off-gases of the calciner contain air, 10 to 16 % water vapour and about 0.15 % of NOX. The off-gases
loaded with aerosols pass through the filter at a throughput of 8 m3/h at 400°C. The particle size distribution of the aerosol is
determined with a cascade impactor and the filter efficiency is determined by activity measurements of glass fiber sampling filters
placed up-stream and down-stream of the filter tested.

Each filter type has undergone 4 cycles of loading and regeneration. The main conclusions drawn from these tests are as follows:
- with the aerosols used (median aerodynamic diameter from 2 to 5 urn and concentrations from 100 to 500 mg/m3), the pressure
drop and the filter efficiency depend on the formation of a filter cake on the filter surface.
For the porous mats, a fraction of the dust is distributed into the filter mass whereas for the sintered web only adust cake is formed
on the surface;
- the regeneration of the filter by spray washing is possible for porous mats and sintered webs. For the porous mats, washing of both
sides of the filter is necessary whereas for a sintered web washing of only the filter cake is sufficient;
- after 4 regeneration cycles, no deterioration of the filter material has been observed. For the porous mats, a slight compression of
the fibre layers and a hardening of the mat have been observed.

4.2. WASTE CONDITIONING AND DISPOSAL

4.2.1. GEOLOGICAL DISPOSAL OF RADIOACTIVE WASTE
(R. Heremans)

Most of the work performed during 1982 concerning the geological disposal of conditioned radioactive waste was part of three
contracts with the Commission of European Communities.

The main activities within the scope of the Belgian programme arc :
- further measurements and tests in the various wells drilled and instrumented for the regional hydrogeological investigations;
- continuation of laboratory and "in situ" corrosion experiments;
- analysis of rock characteristics and rock-waste interactions;
- completion of the shaft and connecting room works and start of the horizontal gallery digging;
- examination of some backfilling mixtures;
- further various studies in connection with modelling, risk analysis, safety and performance assessment.

4.2.1.1. Investigations on the liydrogeology of the Mol area
(A. Bonne, F. Patyn, M. Pocters*, M. Voet, A. Buycns)

* Belgian trainee

Regional groundwatcr flow modelling and supporting data acquisition for the modelling were the main activities of the
geohydrological investigation programme.

In close co-operation with the Ecolc des Mines of Paris, the updated version of the numerical model (NEWS AM) has been adapted
to simulate the regional groundwatcr flow in the neogenic sands, the Berg sands and the Brüssel sands. The present conceptual
model assumed seeping through the Boom and Asse clay. Another assumption made was, that all neogene disposits compose one
single aquifer. Indeed, recent field observations in about 100 wells argue for this. The periodic piezomctric survey of the area learned
that no signifies.': piczomelric head differences exist between the different lithological subunits of the ncogenc. Several simulation
runs with the NEWSAM-model have already been performed, aiming at testing several hypotheses for calculated and calibrated
conditions. Fig. 4.5. represents the calibrated and calculated piezometric contour map of the Berg aquifer drafted on the basis of the
computations by the NEWSAM-modei. Westward flow results from the constant head distribution along the outcropping borders.
Also for the neogenic sands and the Brüssel sands a westward flow was obtained by simulation. Very important supporting field
activities for the modelling include the "in situ" determination of hydraulic parameters of the different aquifers: piczomctric head
and transmissivity. The manual piezomctric head measurements are performed periodically (every 14 days) and automatic data
recording is provided for each test location.

Determination of the transmissivity is done by slug tests and or by single well pumping tests at all locations where observation wells
penetrate the Boom clay. The latter tests will last until mid 1983. Water sampling for 14C-age determination and for supporting
chemical analysis was performed by appropriate devices and pumps.
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Fig. 4.5. Simulation of the Berg sands aquifer

N

i-22.3/23.4)
*<^~L I—,

TURNHOUTX V

^24.0 (26.0)
• I

2 • L ( 2 2 > ° ) 24-5 (26.4)

M O L / ZSAKZ^.Z,}

22.3 OBSERVED PIE2OMETRIC HEADS (m)
* * — 1 0 — EQUIPOTENTIALS (m)

(23.4) EQUIVALENT P1EZ0METRIC HEADS (m)

4.2.1.2. Characterization of Boom clay

4.2.1.2.1. Physico-chemical characterization
(P. Hcnrion, J. Remy-Defraigne, C.S. Yeh*, T. Rymen)

* Trainee from the Republic of China (Taiwan)

The correct applications of the influence of air oxidation on Boom clay has led to a general revision of the experimental methods
contributing to the study of radionuclide migration. Two glove-boxes with controlled atmosphere have been equipped for
preparations. Eh, pH combined cells have been designed to prevent air contamination during measurement or sample transfer. A
working formula for an interstitial solution has been established on the basis of successive dilutions. Final adjustment of the
synthetic solution formula has been performed by means of exchange tests between clay and solutions. A standard composition of
interstitial clay water under reducing conditions, not altered by the addition of clay, was regarded as adequate for all future
physicochemical studies.

Thermodynamics indicate that pyrite should confer very reducing propertics( - - U.3 Volt (Sl-lE))to the clay medium. However,
various experiments bring up consistent Eh values in the range -(0.07 - 0.1V). Careful oxidation tests supported by electron
micrographs have shown that the reducing capacity of FcS2 is quickly inhihitcd by oxidation products and that most of the reducing
capacity of Boom clay is due to sites on the clay minerals (other than FeS,). In view of the collaboration with other laboratories, the
dilution technique has been applied to clay of different origins (Tcrhagcn, Gorleben) in order to define the aqueous medium
appropriate to migration studies in such materials.

y-radiolysis in Boom clay was shown to produce only H2 and CO2. Radiolytic oxygen is entirely consumed by the reducing
components in clay. The ratio CO2/H2 increases between 0~07 and 0.16 as the y-dosc increases from 5.1O8 to 2.109 rad. In the last
case, hydrogen production amounts to 2.9 mmole/g clay as in situ. However, sufficient cooling time and adequate repository
configuration may well make y-radiolysis negligible. Actually, the interest is being shifted towards the persistent a-radiolysis in the
hypothesis of radionuclide dispersion in the formation.

i
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4.2.1.2.2. Geomechanical characterization
(P. Manfroy, B. Neerdael)

Geotcchnical tests have been continued on clay samples coming from both outcropping zones and "in situ" during the digging of the
underground experimental facilities at about -220 m depth under the Mol site.

The aim of these geotcchnical tests was the study of two basic aspects of the gcomechanical behaviour of the argilaccous material:
- the influence of freezing, heating and thermal cycling on the gcomechanical properties of the clay from a static point of view;
- the creep behaviour of clay samples under stresses.

Geomcchanical tests on the influence of freezing, heating and thermal cycling were performed by the Geotcchnical Institute of Gent
(RIGM). The study, which started in 1S>8O. has been completed at the end of this year.

Numerous results on temperature-dependent compressibility, permeability and shearing characteristics have been obtained. Other
data about dynamic modules, orthotropic characteristics of the material and Poisson's coefficients arc now available. The tests have
been carried out on clay samples coming from a quarry in the outcropping zone of the Boom clay formation near Boom.

Geotechnical tests on creep properties at low and ambiant temperature have been performed at the "Laboratoirc dc Genie Civil dc
TUniversite de Louvain-la-Ncuvc".

The samples tested were taken both in the outcropping zone and at depth up to 220 m under the Mol-sitc. These tests, done in
triaxial cells, were aimed to plot the creep curve at different temperatures of the clay samples at constant stress. The latter
represented a certain percentage of the failure stress at the same temperature. This stress at faillurc was, for each temperature,
previously determined by a triaxial shearing test at constant deformation rate.

4.2.1.3. Migration studies
(P. Hcnrion, D. Huys. P. De Reggc, A. Cremers*)

* K.U.Lcuvcn - Laboratoria voor Oppcrvlaktc Schcikundc

Retention experiments were carried out (so far with Am, Pu, U) to determine the radionuclidcs retention on Boom clay and, when
practicable, their solubilities in the interstitial fluid. All techniques and relevant data mentioned in the physicochemica!
investigation are used to carry out these tests under strictly controlled conditions. All chemically abundant waste elements (mostly
trivalent elements and uranium) are taken under consideration in this work, one of the goals being to appreciate the influence of the
bulk waste composition on the migration of the most toxic radionuclides.

After the characterization of the interstitial aqueous phase in the Boom clay as being a reducing carbonate/bicarbonate solution,
particular actinide tracer solutions, compatible with this medium, had to be prepared. Asa rule the actinides were introduced in an
oxidized state, which is soluble at neutral pH through carbonate complexation. The reduction of the actinides and their subsequent
precipitation was left to the action of the reducing potential of the solution stabilized on solid FeS-, or FcCO3. Highly enriched 239Pu
was used to avoid ambiguity in the assay (due to formation of 241 Am as decay product of 241Pu). The Pu was oxidized by MnO4" to
PuO2

2+and stabilized in alkaline solution as the complex PuO2(CO3)j
4". The excess of MnO/ reacts with Mn2+ in alkaline solution

to precipitate MnO2 which can be filtered.

241Am was separated from old second generation Pu and then purified by anion and cation exchange. Even in the presence of
carbonate concentrations of 0.1 to 0.5 M, the 241Am solubility remained at the level of 10 to 30 ug.cm*3. The 237Np was obtained in a
stable solution as NpO2

+ at neutral pi 1 without particular difficulty.

Tests are now under way in the K.U.L. to improve direct measurement of radionuclide migration. The radionuclides migrate from a
clay paste to an aqueous medium where the contamination level is being monitored. This method alleviates many of the
shortcomings of the inverse procedure and is believed to be more sensitive and suited to be used for measurement of actinidc
migration.

4.2.1.4. Construction of the underground laboratory
(P. Manfroy, B. Neerdael, M. Buyens, Design : Tractionel, Main contracts : Foraky)

The construction of the underground experimental facility has been continued. The inner concrete lining was poured upward after
completion of the crossing chamber. Simultaneously to the pouring of the internal concrete lining, the water-tight polyethylene sheet
was placed between the two linings of the shaft in order to protect it against any inflow of water from the water bearing formations.
Because of creep phenomena in the frozen clay body during the digging operations, the bottom chamber of the shaft was built
smaller than originally designed. Moreover, it has been reinforced by horizontal steel rings placed in such a way that the additional
siresses due to the swelling of the clay body during the freezing period could not produce a failure of the concrete lining.
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For the construction of the horizontal gallery, 45 freezing boreholes have been drilled from the bottom chamber in order to install a
divergent bundle of freezing pipes of about 20.

Such a bundle allows the clay body to be cooled down to a temperature ofabout 20°C with two frcon freezing groups installed at the
surface and with calcium chloride as brine. After a period of one month of continuous circulation of the brine in the freezing pipes,
the digging of the gallery was started. An opening was first made in the concrete lining of the crossing chamber. Then a small
rectangular access gallery (1.5 m x 2 in useful section) was dug in the clay over a length of 4 meters and provided with bolted steel
frames as support lining.

After the pouring of an intermediate concrete ring at the end of the rectangular part, a first part of MX meters long circular gallery (3.5
m diameter) was dug and lined with cast iron segments bolted together.
Fig. 4.6. gives a partial view of this const! uction.

Fig. 4.6. Experimental gallery
Emplacement of the first cast iron segments in the circular part of the gallery at -223m
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A second concrete intermediate ring was poured at the end of this part ui' the circular gallery.

A second construction phase will be started next year after completion of the drilling of a new freezing tubes bundle starting from
this second concrete intermediate ring.

This second construction phase will comprise 20 meters of circular gallery and a final concrete plug.

During the construction of the first phase of the horizontal gallery, the extraction of some vertical freezing pipes was undertaken
around the shaft.

At the end of the year, six pipes (of a total of 32) were removed without serious problems but with the help of a special 100 tons
extraction machine shown in Fig. 4.7. The remaining apertures were filled with a bentonite cement mixture.

Fig. 4.7. Freezing pipe extraction tool
Removal of one of the 32 vertical freezing pipes, up to 2'10 in long, used for soil freezing during the digging of the shaft

J:
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4.2.1.5. In situ geotechnical measurements
(P. Manfroy, B. Neerdael, M. Buycns, Laboratoirc de Genie Civil: Universite de Louvain-la-Ncuvc, Bureau d'Etudc : Tractionel)

The measurements for the geotechnical campaign have been carried out as the construction of the shaft and the first part of the
gallery proceeded. The total pressure cells (Gltzl) placed in the clay during the digging of the shaft have continued to deliver data on
radial, tangential and vertical pressure in the clay in the vicinity of the external lining of the shaft.

Some of these cells, however, have been damaged by the creep phenomenon in the clay during the construction of the shaft.

After completion of the inner concrete lining of the shaft, some interstitial pressure cells have been placed in the clay at different
levels and at different distances from the lining. These hydraulic pressure gauges, coupled with thcrmo-resistancc cells, allow to
follow the progressive thaw of the clay body and the buildup of the interstitial pressures around the shaft.

Though the bulk of the clay body in the vicinity of the shaft is still frozen, some interstitial pressure measurements already made in
both frozen and non frozen clay show that the cells work satisfactorily.

At different levels along the shaft and at the bottom, a series of slotted tubes allowing prcssiomctric tests in the clay (MENARD)
have been installed. Certain tests have already been carried out in the frozen clay.

The inner part of the shaft lining has been equipped with different types of devices allowing to measure the deformation and the
convergence of the concrete wall.

Several measurements have been already done with these devices but still not enough to draw valuable conclusions.

One must point out that because of the extremely severe conditions in the shaft (cold, moisture, brine vapour, etc.), certain
measurement devices (vibrating wires and inductance variation systems) give abnormal readings.

As the digging and the lining of the first phase of the experimental gallery proceeded, a few total pressure and interstitial pressure
cells coupled with thermorcsistance cells have been installed in the clay near the lining.

On some steel frames of the rectangular part of the gallery and on some cast-iron segments of the circular portion, strain-gauges
have been installed to determine the influence of the pressure build-up on the supporting lining after digging in frozen clay and as the
thaw of the clay body proceeds.

4.2.1.6. Research programme on backfilling materials
(P. Manfroy, B. Necrdael)

The Institut National des Industries Extractives (NIEB/INIEX)at Liege has delivered its final report concerning the study of the
backfilling materials. The aim of the study was to find a mixture of Boom clay, cement, bentonite and limestone in various ratios,
which present the most favourable characteristics as plugging or backfilling material.

The leading properties of such a mixture were low permeability, porosity, shrinkage and settling, associated with good mechanical
resistance characteristics. A complementary study was done in order to test the setting and injection possibilities for such a mixture
with some types of commercially available pumps. A minimum quantity of water should be added to the mixture so that the resulting
paste can be pumped.

NIEB/INIEX has also performed some research in the field of mixtures made of Boom clay and organic resins (polyurethanc or
epoxy). Several parameters have been tested such as clay load, casting temperature, mechanical characteristics, etc. for each
composition. In this case the best mixture was made of weak cpoxy resins which presents the best permeability, shrinkage and
mechanical characteristics. However, all the mixtures made of clay with a large proportion of organic resins arc very expensive and
must be reserved for very special uses.

4.2.1.7. Corrosion studies
(F. Casteels, J. Dresselaers, H. Tas, A. Leurs)

The corrosion resistance of candidate canister and borehole casing materials has been evaluated after corrosion tests carried out in
direct contact with clay in humid clay atmospheres, in interstitial clay water and Antwerpian ground water and "in situ" at
Terhaegen (Boom). Besides corrosion testing, the experimental conditions for applying a Zn coating on linings of the underground
experimental room have been determined in collaboration with CRM (Liege) and Eurogalva (Ninovc).

The best galvanization treatment has been achieved following a procedure based on : degreasing, rinsing, blasting, flushing in an
aqueous solution of ZnCl2 and NH4C1 followed by galvanization treatment. This treatment results in a coating thickness between
100 and 150.10"6 m and a good adhcrance. The galvanization treatment results in a change of rugosity of the surface (3-6.10'6 m). The
mechanical properties of ductile iron (grade 60) are practically not influenced by the galvanization treatment.
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An additional protection layer has Dccn applied using two paint layers composed of cpoxy and coaltar, and a finish layer. The
200.10"6 m painting layer has been qualified by thickness, porosity, and adhesion measurements using ASTM norms.

The corrosion phenomena of ductile iron (grade 60) protected with different anti-corrosion coatings tested in direct contact with
clay at 13°C have been elucidated. All corrosion phenomena arc governed by the dominating effect of sulphur.

A galvanization treatment or alloying ductile iron grade 60 cither with 6 % Si or 19.5% Ni, reduces considerably the metal loss cither
due to anodic protection of the underlying bulk ductile iron or the formation ofadhcrant protective corrosion layers. The anti-
corrosion coating systems based on paintings and plastics give, for exposure times up to 16 months, more promising results than the
galvanization treatment.

The possible use of a single wall canister depends on the resistance of candidate canister materials against stress corrosion
suseptibility in different media of the final storage. Stressed specimens (bent beams, U bends, small size canisters) of selected
candidate canister material (AISI 304.304L, 316. UHB 904L. 1803 MoT, Inconcl 625, HastclloyCand commercial pure titanium)
are being exposed in the as received and heat treated condition in the humid clay atmosphere at 49°C, Antwerpian ground water and
synthetic interstitial clay water at 98°C. Crack initiation remains limited to two cases after total exposure times of 28,000 h.

The "in situ" corrosion tests carried out in an open system, in inert furnaces placed in bore holes in a clay quarry at Tcrhacgcn and
the characterization of the environment at three temperatures (13°C, 50°C, 150°C) arc continuing. Post-corrosion analysis of
candidate canister materials after exposure of 9 months at 13°C and 50°C. revealed that corrosion starts underneath Cl" and S rich
deposition and corrosion products. A limited number of candidate canister materials suffers at 50°C from a kind of bulging attack.

The construction of a dynamic high-pressure high-tempcrature system for carrying out corrosion tests in aqueous environments at
maximum temperatures of 300°C and 150 kg.cm'- has been finished.

A prototype corrosion loop to carry out corrosion experiments in direct contact with clay in the underground experimental room
with retractable furnace has been constructed and tested.

Equipment for corrosion monitoring during very long exposure times of structural material of galleries and candidate canister
materials in direct contact with clay and a humid clay atmosphere has been tested prior to its transfer to the underground
experimental room. The methods arc based on linear polarization measurements or measurement of the variation of the electrical
resistivity of wires, tubes or plate material caused by corrosion attack.

A device for rcdox potential measurements in direct contact with clay is in operation in the open clay pit at Terhacgen. The redox
potential decreases with increasing distance to the oxidized clay surface and exposure time.
The device is being adapted for use in the underground experimental room.

4.2.1.8. Safely and performance analysis of geological disposal
(A. Bonne, C. Van Bosstrneten*, M. Put, M. Monsecour, M. D'Alessandro**, G. Bcrtozzi**, A. Saltelli**)

•CORAPRO

•• JRC-ISPRA ,•

In the framework of ongoing direct and indirect research programmes of the CEC related to safety and performance analysis of
underground disposal, several studies were performed under contract.

In the context of the indirect actions, long-term safety analysis studies were focusscd on two scenarios selected previously : the
glacial erosion scenario (in co-operation with JRC-ISPRA) and the reference scenario of the normal natural evolution of a clay
repository.

A preliminary glacial erosion scenario was already developed last year. For the sake of scientific soundness and acceptability by the
scientific community, the glacial erosion scenario has been reworked after experts opinion confrontation. Main outputs of this
experts opinion confrontation arc that the geological sampling (time and area) used as reference are of prime importance for
elaborating a glacial erosion scenario and that the time sequence of the different glacial dynamic phases needed to be revised.

Calculation of the consequences of a glacial erosion action upon a HLW-repository underlying the Mol-sitc is planned for beginning
1983. For taking into account the uncertainties associated with the parameters involved, the latin-hypcrcubic sampling is envisaged.
This technique has already been studied by the JRC-ISPRA team.

For the repository evolution analysis, still most effort was devoted to modelling aspects and especially to the evaluation of the
importance of assumptions related to geometry and pulse type of the source term.
Also a refinement of the analytical solutions in the migration model was performed together with calculations for different
parameter sets.
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All computations indicated that, for the Mol-sitc, extreme low release rates of radionuclides are to be expected at the clay-aquifer
interface. Refinements in the model will thus probably not bring about any significant change. However, these refinements may be
required because the migration model is to be used for the reference scenario, in conjuction with abnormal scenarios (e.g. faulting,
glaciation, human intrusion,...) and because the reference scenario should reflect as good as possible the phenomena involved.

In 1982, the CEC launched the so-called PAGIS-action (Performance Assessment of Geological Isolation Systems). Four disposal
options are covered: clay, granite, salt and sub-seabed. S.C.K./C.E.N. was charged to take the secretaryship of the clay option. The
work to be performed by S.C.K./C.E.N. aims at pooling and comparing, at a community level, the knowledge acquired for the
analysis of risks associated with disposal of 1ILW in a clay formation. In a first phase, all components involved in the performance
assessments have to be identified and defined (reference sites, methodologies, data bases, models,...). S.C.K./C.E.N. already
collected data for clay sites in Belgium (Mol), United Kingdom and Italy. A selection was also made for a reference repository
design and (together with the secretaries of the other options), a set of reference data for the HLW was selected. A comparative
study was undertaken in order to evaluate available models for dose calculations, geosphcrc transport and leaching.

4.2.2. HIGH-TEMPERATURE INCINERATION
(N. Van dc Voorde, .1. Clacs, A. Taeymans, D.Hcnnart, VV. Ballcux, .1. Gijbcls, G. Gccncn)

The aim of this research is to further develop and run, on a test basis, the FLK-60 high-tempcrature incinerator. Some technical
improvements have been carried out, allowing treatment of combustible liquid waste and improving remote control and
automation, with the aim of preparing the treatment of Pu-contaminatcd waste. In the meantime, the incineration campaign which
had been started at the end of 1981, has been continued succcsfully. Most emphasis was put on the material and activity balances. A
run with spiked waste has been carried out. Different test runs have given valuable experience in the treatment of various kinds of
combustible liquid waste.

4.2.2.1. FLK-60 incineration furnace

4.2.2.1.1. Adaptation of the existing furnace

On May 10, 1982 the upper part of the refractory lining was damaged, and the plant had to be shutdown for disassembly of the
furnace and replacement ofthc upper part of the lining. A more heat-resistant material was used.This incident caused about 36 days
unplanned outage.

The system for feeding the auxiliary burner with combustible liquid wastes is ready for use. It consists of two supply lines :

- a first line is used for waste oils with flash point above 25°C; it consists of a classical pumping system; the oil can be preheated
before injection in the burner;
- a second line is used for mixtures with flash point below 25°C, such as toluene solutions of liquid scintillators; it consists of two
closed tanks from which the waste is to be fed by nitrogen pressure; various safety devices have been incorporated.

Both lines have been successfully tested.

4.2.2.1.2. Granules conveying system

On September 21, 1982 the corroded chain ofthc granulator had to be removed and replaced. The new one was covered with a
preventive coating. Since this time a nitrite-base inhibitor is added to the water bath.

Pneumatically operated carriages allow positioning of drums under the granulator, air-tight connection and removal of filled drums
to a point where they can be taken by the remotely operated overhead crane.

4.2.2.1.3. Gas purification line

The four low-pressure spray nozzles arc now fed by a separate distribution circuit, which makes the whole device independent ofthc
scrub water network and reduces the probability of plugging. The construction ofthc hot line and of the small house for testing
metallic fiber bags has been started. A study on insolubilization ofecsium in concrete with various additives has been carried out.
The pH-control of the scrub water has been automated by means of an adjustable-speed metering pump.

The former steel piping network is being replaced by a new one made of more corrosion-resistant polyvinylidenc difluoridc (PVDF).

4.2.2.1.4. Auxiliaries and peripheral equipment

A new flowsheet was adopted to increase the blanketing efficiency and decrease the nitrogen consumption. The sccundary cooling
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loops will be fed with dcmincralizcd water, in order to avoid scaling of the plate heat exchangers. The overhead crane in the alpha-
hall can be operated from the control room, allowing remotely-controlled conveying of drums from the carriages to the exit lock. A
special grasping device for 100 1 drums was designed and constructed.

4.2.2.2. Waste treatment in the FLK.-60 installation

During the year 1982,16 incineration runs totalizing 1111 working hours have been carried out. Additionally some 150 hours of test
operations with liquid combustible waste system have to be mentioned.

The installation treated about 40 metric tons of mixed solid waste, which corresponds to a mean capacity of 36 kg/h, and some 10 m3

of liquid combustible waste.

Secundary waste production amounted to about 650 kg of cesium bearing dust, some 20 prcfiltcrs and 12 HEPA filters, and about
800 m3 of scrub water which has been treated by chemical flocculation.

4.2.2.3. Characterization work

The granules and sccundary waste streams were submitted to extensive characterization, aiming at the determination of the
physico chemical properties of those products. So, granules appear as tempered glass with typically 50% SiO-,, 20% Fcx0.„ 20%
CaO, 7% AI2Oj and 3% of other oxides; dust is a mixture of chlorides and sulphates of sodium and zinc, and scrub water is a
sodium-hydrogen carbonate solution.

From May 3 to 7,1982 the feed was spiked with various ß-y emitting nuclidcs, allowing a radioactivity balance to be made. The most
important result is that at most 0.8% of the l44Cc contents of the feed escape the furnace and is trapped in the gas purification line;
the incorporation of that plutonium simulator in the granules can therefore be considered as quantitative.

4.2.3. CHARACTERIZATION OF VITRIFIED RADIOACTIVE WASTE PRODUCTS
(R. De Batist*, P. Van Isegliem. W. Timmcrmans, A. Stalios**, M. Rotti***, P. Dc Regge, P. Diels, F. Lievcns, J. Pelsmaekers)

• Also R.U.C.Antwerpen

** Physics Department. University of Tbcssaloniki. Thessaloniki (Greece)

••• R.U.CAntwcrpcn (l.l.K.W. bursar)

The programme on characterization of vitrified radioactive waste forms is being continued with partial support by the CEC. Results
from long-term corrosion experiments in demineralized water and in media representative for clay disposal conditions, arc
becoming available. Both borosilicate glasses (for high-level waste from reprocessing plants) and ceramic FLK incinerator slags
and their laboratory simulants (for the treatment of a contaminated wastes) are studied (see Table 4.2.), in particular with respect to
the leaching behaviour of plutonium bearing materials. Some results of a fundamental investigation of devitrification processes arc
also discussed.

4.2.3.1. Sample preparation and heat treatment

Homogeneous plutonium and uranium doped iron rich silicate glasses were prepared as simulants for the ceramic FLK incinerator
slags. The glasses were melted at 1500°C in a small (20 cm3) Pt-10 % Rh crucible. The thinning of large inactive glass samples (ip 3
cm) by polishing down to 0.2 mm for helium permeation measurements is hampered by inhomogencitics and internal stress in the
complex glass systems to be considered.

To investigate the influence of crystallization on the behaviour of vitrified waste, both inactive and U-activc silicate glasses were
heat treated during 10 days at temperatures from 700 to 1000°C. Using X-ray diffraction and electron microprobe analysis, the
following crystalline phases were detected: pyroxene (NaFc3+)x (Ca, Mg)2-2S

 s i2^6 (glasses 119,122 and 123), spinel (Fe, Mg, Cu,
Ni)(Cr, Fc)2O4 (glass 124) and uraninitc UO, (U-dopcd glasses). Crystallite sizes ranged between 5 and 100 \im. The Soxhlet
corrosion resistance of the partially crystallized glasses is a factor of up to 5 better compared to the parent glasses. In a more basic
study, the nuclcation range (from 550 to 650°C) of glass 119 is being investigated. After a 24 h nucleation treatment, pyroxene nuclei
of 6 nm (590°C) to 660 nm (620°C) size were observed by transmission electron microscopy.

A study of the thermal stability of the borosilicatc glasses SM58 and SAN60, which are being proposed for the conditioning of the
liquid high level waste stored at the Eurochemic plant, is in progress.
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TABLE 4.2.
Nominal chemical composition of the inactive FLK simulants and of the

inactive HLW borosilicate waste forms

SiO2
B 2°3
A12O3

Fe2O3

Fe2O2

Na2O+K2O+Li2O
MgO+CaO+BaO
CuO+NiO+TiO2+Cr2O3+MoO3

I fission product oxides

WG119

56.0
-
-

22.6
-

13.3
8.1

-
*

FLK reference glasses

WG122*

57.2
-
-
-

20.8
13.6
8.4

-

WG123 WG124

59.1
-

7.6
-

10.7
14.0
8.6

-

60.7
-

2.9
-

12.5
4.9

11.4
7.6

SAN60

43.4
17.0
18.1

-
-

15.7
3.5

-
1.0

HLW borosilicate glasses

SM58 C31.3EC**

56.9
12.3
1.2
1.2

-
12.0
6.5
5.7
4.3

34.7
4.1

10.3
1.5

-
2.1

20.1
5.8

12.5

UK209

50.9
11.1
5.1
2.7

-
12.3
6.7
2.7
7.6

SON58

43.6
19.0
1.0
0.6

-
9.4
1.0
0.6

21.4

SON64

47.2
18.4

1.2
5.1

-
12.5

0.6
2.6

10.6

•WG122 has been prepared in two ways : in air atmosphere (WG 122, with Fe2* /Fc |o( = 0.47) and under argon atmosphere (WGI22A, with Fe2* /Fc((i) = 0.85).

tot

" C3I.3EC has been investigated in the crystallized form, after a treatment of 3 h at 620'C and 15 h at 825'C.



4.2.3.2. Chemical stability

4.2.3.2.1. Chemical stability i standard dynamic conditions (Soxhlet corrosion test)

The corrosion rates of some glasses and FLK compacts (obtained by hot pressing of real FLK granules at 800°C, 1 GPa),aftera 14
days exposure to continuously dripping distilled water at 99°C, and after removal of the weakly bound surface layer formed during
corrosion, arc given in Table 4.3. The Soxhlct corrosion rate for the FLK compacts compared very well with glass 124, whose
composition was derived from the FLK granulate. Increasing the Fc2+ content at the expense of Fe3+ results in an increased
corrosion rate (glasses 119, 122, 122 A). Upon the surface of glasses, layers about 25 urn thick have developed, containing
essentially Fe, Mg, Si, U and Pu (when present). These surface layers rack upon drying and can be removed rather easily.

Replacing FeOx by (A1,O3 + FcOx), however, yields an improvement with a factor 20. On glasses 123 and 124 no distinct surface
layer is observed, and in contrast with glasses 129,122 and 122 A, K is still present in the glass surface. This beneficial effect may be
attributed to the presence of A1-,O3, which will act as a network binder for K2O (and probably also for Na2O), so that the diffusion of
the alkali's will be strongly reduced.
The presence of 2 wt.% homogeneously incorporated UO2 or (UO2 + PuO2) in glasses docs not influence the overall corrosion rate.
Pu was found to leach more than 100 times slower than the bulk of glass.

The Soxhlet corrosion rates of borosilicate glasses SM 58 and SAN 60 (sec Table 4.3. compare well with the corrosion rates for the
more resistant high level waste borosilicatc glasses investigated thus far in other countries. A surface layer less than 2 urn thick
forms on both glasses, is enriched in Fc, Zr, Ti (when present) and lanthanidcs. and cracks upon drying.

TABLE 4.3.
Soxhlet corrosion rates (in 10'5 gxm'2.c!'l)for FLK simulants. FLK

compacts and
two HLWglasses obtained after 14 days exposure.

WG 119
\VG 122
WG 122 A
WG 123
WG 124
FLK compacts
SAN 60
SM58

44.6
S5.5

142.3
3.7

19.5
7.0 - 20.8

56.8
41.7

4.2.3.2.2. Parametric study of the corrosion stability
4.2.3.2.2.1. Corrosion in distilled water at 90°C

As reference condition a static lcachant is used with a surface area to solution volume (SA.V"1) ratio of 1 cm'1. The specific weight
losses for the five high level waste borosilicate glasses (see Table 4.2.) increase from (2 to 4) x 10'5 g cm'2 after two minutes to (26 to
77) x 10"5 g.cm"2 after eight months; the corrosion rates decrease sharply with time. The largest pH increase rates are observed at the
start of corrosior; (e.g. first two hours). From infrared reflection spcctroscopic measurements, it can be deduced that the specimen
surfaces roughened during the initial period, pointing at some matrix dissolution. The strong decrease of the corrosion rates with
time can be related to saturation effects in the leachatcs for elements such as Mg, Ca, Sr, Fe, AI, U and even Si (sec Fig. 4.8.). Si-
saturation of the leachatc corresponds to sharpening of the Si-O-Si stretching vibration band(== 1050 cm"1) in the infrared
spectrum. A relationship between the equilibrium concentrations of Al and Si in the leachatcs is suggested. The complexity of the
corrosion behaviour is further demonstrated by Auger electron spectroscopy, combined with argon ion milling. These techniques
reveal continuously growing surface films below the glass surface (e.g. reaching about 1500 A thickness after 80 days of corrosion for
glass SAN 60), in which Si and B arc becoming enriched, respectively depleted.

The corrosion behaviour of the borosilicate glass-ceramic C 31 differs from that ofborosilicatc glas, in that specific weight losses
remain almost constant (from 4 x 10'5 after 2 min. to 13 x 10'5 g.cm"2 after 8 months), and that the components of the eclsian
crystalline phase BaAl?Si,Og leach out more slowly that the glass matrix components, indicating that the eclsian phase is more
durable than the glass matrix. For the silicate glasses the specific weight losses remain nearly constant (< 10'4 g.cm'2 between two
minutes and eight months for glasses 123 and 124 and do not exceed 2 x 10"4 g.cm"2 after 8 months for glasses 119,122 and 122 A. In
case of the FLK compacts, weight increases were often measured during corrosion. The corrosion behaviour is much less
dependent on the composition than during the corrosion in Soxhlet conditions.
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Fig. Normalized specific weight loss as a function of the corrosion time for glass SON64 (distilled water. 90° C. SASV"1 = / an'1)

4.2.3.2.2.2. Study of various parameters : specific surface, pH, presence of clay, temperature

The influence of SA.V'1 was investigated in additional experiments at 0.1 and 2 cm'1, both on the HLW forms and the silicate
glasses. After 3 days of corrosion, the specific weight losses were already a factor about 5 larger at 0.1 than at 2 cm'1. The differences
increased with increasing corrosion time. A screening test was also conducted at a constant flow rate of 2 cm'.d'1, so that no
saturation effects had to be taken into account.

Corrosion experiments in water buffered at pH values 9.7 and 5.7 are underway (90°C, 0.1 cm'1) on the H L\V forms, FLK compacts
and silicate glasses. The results obtained so far indicate a strongly increased attack at pH 9.7 (except for HLW glass SON 58).

Most corrosion experiments in clay media so far have been conducted under oxidizing conditions at 90°C and 1 cm'1. After 3
months, specific weight losses arc 2 to 55 times larger than in distilled water.

The pH of the clay-water mixture, with an initial pH between 9.0 and 9.4, does not change markedly during corrosion. Electron
microprobe analysis of the cross-section of the UO2 doped silicate glas \VG 92 (nominal composition in mole %: 67 SiO2,2 A12O3,8
Fc2O3,4 Li20,4 K20,4 CaO, 4 BaO, 2 UO2,5 CuO), showed a sticky 30 |im thick reaction layer, after 11 months corrosion in the
natural clay-water mixture at 95°C.

The major reason for the increase in corrosion rate seems to be the sorption capacity of the clay particles which depresses the
saturation effects in the luachate. Some evidence for this assumption was already observed for plutonium. The influence of the redox
potential Eh on the corrosion behaviour was investigated in additional tests with the clay media prepared under reducing conditions
(Eh s: - 330 mV) on some HLW borosilicate and silicate glasses. The preliminary results indicate an increased attack in the
reducing clay-water mixture, relative to the oxidizing medium. In the wet clay no difference in corrosion behaviour was observed.

The dependence of the specific weight loss on time and corrosion medium observed at 90°C is also valid at 40 or 70°C. The
temperature dependence, however, is very complex since the slopes of Arrhcnius plots (log of specific weight loss versus 103/T)
between 40 and 200°C arc not constant, and, moreover, change with corrosion time.

4-20



4.2.4. CONDITIONING OF CLADDING WASTE
(J. Broothaerts)

Previous work with inactive materials has shown that the process is capable of producing a low-volume, low-porosity wastcform
with long-term stability. It thus presents potential qualifications to serve as a useful conditioning method for cladding waste.

Work carried out in 1982 primarily aimed at an evaluation of the densification and product quality obtained in active conditions.
Small-scale tests therfore have been made with hulls from irradiated fuel rods. By compaction and subsequent embedment, samples
have been produced for leach tests to bring information on the immobilization of the contaminating nu~l>dcs.

In addition to the active experiments, the corrosion and wetting behaviour of different alloys have been examined in a continued
search for the most efficient matrix material.

Basic equipment for a hot-cell test facility is under development in view of a future demonstration of the process on a kg scale with
active hulls.

4.2.4.1. Active tests
(A. Daniels, P. De Regge, A.C. Demildt, D. Huys, J. Ketcls, J. Vaml-rstcene, ,1. Vandeveldc)

Compaction and embedment tests have been made with claddigs from irradiated MOX-fucl. Zircaloy hulls were obtained from
Pu-recycle fuel rods (3.1 wt.% Pu) irradiated to about 30,000 MWd/tHM in BR3, stainless steel hulls from DFR-fucl rods (30 wt.%
Pu) irradiated to 5.3 % FIMA.

4.2.4.1.1. Characterization of the hull waste

The activities of the fission products and transuranium elements present on the hull surfaces were determined by alpha- and gamma
spectrometry. In addition, Zircaloy samples have been examined by microprobe analysis to obtain information on the nature of the
deposits.

Contamination levels given below arc expressed as percentage of the nuclidc content in the fuel, that is associated with the cladding.
The reference data also are based on radiochemical analysis.

Stainless steel hulls

Two batches, in total about 326 g, were received from FB R fuel dissolution experiments. The material had been severely attacked by
the nitric acid dissolvent in one case, to a lesser extent in the other. This had a drastic effect on the contamination levels found for Pu
and fission products as can been seen in Table 4.1. Extensive information on the activities associated with hulls is given in par.
4.1.1.3.

Zircaloy hulls

Single hull sections from the BR3-rods, separated from the fuel by mechanical action and subsequently leached during 4 h in an
excess of boiling 8 M HNO3, have been analysed on several occasions. The average contamination levels thus found were: Pu :0.34%;
134Cs : 0.94 % 1 3 7Cs: 0.78 %; l06Pu : 0.27 %.

Microprobe analysis of hull samples prepared in the same way indicated that rcmainings of the fuel-cladding interaction products
formed during the irradiation, were present on the inner surfaces and thus seem to resist to the acid leach. The oxide layer on the
base metal contained cesium zirconatc on some places. A distinct second layer was made up of Zr(Sn)-Cs-U-PuO. Nodules of
(U,Pu)O2 were also seen in this layer.

Analytical data for the 203 g batch of Zircaloy hulls, prepared in a 8 h fuel dissolution run with 8 M HNO3, arc not yet available.
Results will be reported later.

4.2.4.1.2. Embedment tests with uncompacted hulls

Zircaloy hull sections from the BR3-rods have been embedded, without preliminary compaction, in Pb 1.5 Sb at 893 K and Pb 1.5
Sb and Pb 2 Sn 0.5 Ca at 648 K. The products were afterwards leach-tested in simulated claywatcr at ambient temperature.

From the two samples prepared at 893 K, up to 0.2 % of the Pu content and 21 % of the Cs were released in the first six days of
exposure; up to 0.4 % of the Pu and 50 % of the Cs after 72 days. The 648 K-samplcs on the contrary lost only 0.01 % of Pu and 0.04 -
0.05 % of the Cs in 7 days.
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These results, added to previous data for bare hulls and samples prepared at 723 K, suggest that the contaminating nuclides arc
brought to a more releasable form during the embedment if this is carried out at temperatures above 673 K, whether by thermal
decomposition or by interaction with the lead alloy.

Further work should be directed therefore to a reduction of the embedment temperature by using alloys with a lower casting
temperature.

4.2.4.1.3. Compaction of irradiated hulls

A unit allowing compaction at a maximum force of 0.6 MN, was installed in the hot cell. Fit with a die of 50 mm diameter, it allowed
compaction of 100 g batches of hulls. As these had a length of about 10 mm, it is clear that an effect of geometry is to be taken into
account, when comparing the results obtained with active hulls to those found for inactive materials compacted in larger press
forms.

The densification factors achieved (expressed as percentage of the theoretical density of the hull material) with the claddings from
irradiated fuel rods are given in Table 4.4.

TABLE 4.4.
Compaction of irradiated hulls

Test No.

31
32
33
35
36
37

Material

DFR/stainless steel

••
BR3/Zircaloy 4

Hull
dimensions

lD/0D(mm)

5.1/5.84

7.58/8.7

Weight
of hulls

(g)

86
83
S5
68
67
67

Compaction
pressure
(MPa)

300
250
200
200
200
250

% TD
obtained

65.2
63.2
57.6
53.8
53.8
54.6

4.2.4.1.4. Embedment of compacted active hulls

The compacts formed with the DFR and BR3 hulls have been embedded separately to obtain 6 samples for leach tests. One
specimen of each was prepared at 723 K with Pb 1.5 Sb, the others at 623 K with Pb 4 Sn 12 Sb.

Visual inspection indicated that all samples are sound. In order to allow leach testing of the bottom and top surfaces separately,
polyethylene cylinders, serving as leachout containers, have been fixed to both sides with Araldite.

This also prevents the exposed surface area of being contaminated during the manipulations in the cells. The leach tests will be
started at the beginning of 1983.

4.2.4.2. Testing of embedment alloys

4.2.4.2.1. Corrosion resistance

Low-alloyed lead compositions are exposed, at 298 K and 323 K, to simulated claywatcrs and salt brines in the laboratory, and were
also tested at 286 K in direct contact with the clay formation at the quarry ofTerhagen. Samples have been examined after 4 and 9
months of exposure.

The claywater with the lowest salt content, presently considered to be most representative for the clay formation at Mol, was found
to be somewhat less passivating than the more salt-bearing composition. As extrapolated from the weight changes measured after 9
months, the highest corrosion rates range from 0.83 to 1.84 lam.y"1.

Contact with clay resulted in metal losses of 0.13 to 0.69 um.y'1.

In salt brine, the corrosion rate was 0.40 to 1.49 um.y'1 in the 9 months test at 298 K. At 323 K. this increased to values of 2.48 to 12.2
um.y"1.

I
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4.2.4.2.2. Wetting characteristics

Tests with the sessile drop method, carried out at the Max Planck Institut für Mctallforschung at Stuttgart, indicated that oxidized
Zircaloy was not wet by Pb, Pb 10 Sn and Pb 1.5 Sb, at 723 K in a pure argon atmosphere. In experiments made at S.C.K./C.E.N.,
Zircaloy plates were contacted, under a vacuum of less than 0.1 Pa or in an argon - 5 % H, stream, by Pb 0.8 Sb and Pb 0.1 Zr 2.2 Mg
for 3 h and 5 h at 723 K or 823 K. The contact angle between the substrate and the lead alloys decreased with increasing temperature
and time of contact, but always remained larger than 90° so there was no wetting either.

Higher-alloyed lead compositions (Pb 4 Sn 12Sb and Pb 10 Sn 15 Sb) behaved no better in 3 h and 5 h tests made at 623 K.

4.2.4.3. Hot-cell test facility

In co-operation with the Machincfabrick A. Fontync of Vlaardingen, the Netherlands, a 5 MN compaction press for use in hot-cell';
was designed. It is a 2 column unit with an upward stroke. Hull waste will be loaded to the press in steel cans of 100 mm diameter
and 140 mm height. The punch, die and anvil can be remotely exchanged. Provisions are built-in that allow a future adaptation for
hot-pressing at temperatures up to 723 K.

Delivery of the press at S.C.K./C.E.N. is planned for mid February 1983. It will be installed in a cold cell mock-up for commissioning
and inactive testing under remote operation conditions.

4.3. SAFEGUARDS
(C. Beets, P. Bemelmans, J. Challe, F. Franssen)

4.3.1. BELGIAN SUPPORT PROGRAMME TO THE IAEA

As a non-nuclear weapon State party to the Non-Prolifcration Treaty, Belgium considers the IAEA safeguards system as one of the
basic components of the Treaty. Therefore, the effectiveness of the safeguards'system, as a result of the co-operation between the
Agency, EURATOM and the State has to be clearly stated and demonstrated. As nuclear energy contributed for about 30 % to the
production of electrical energy in Belgium in 1982, the impact of safeguards on the Belgian nuclear fuel cycle constitutes important
information for the Agency's safeguards system.

This impact has led Belgium to propose a Research Support Programme to the Agency, the three parties involved being IAEA,
EURATOM and Belgium. The first two studies of this programme concern the optimization of safeguards' measures in mixed oxide
fabrication plants and the impact of improvement in verification capabilities on the safeguards approach in low enriched uranium
fuel fabrication plants.

The first study is a continuation of the preliminary analysis presented the year before at the Karlsruhe Symposium. There, the
Belgonuclcairc facility served as the model and the analysis was restricted to the operator's measurement system and detection
capability. In the framework of the newly established ES ARD A Working Group on Mixed Oxide Fuel Fabrication Plant, the same
error propagation model is being applied to different terms of the material balance (inventories, flows), varying such parameters as
the plant throughput or the material distribution.

Besides, the Bclgonucleaire model was introduced into the gaming simulator developed at JRC-Ispra, in order to compare the
results with those of the S.C.K./C.E.N. study. Due to some particular features, the simulator was not able to maintain the initial
steady state condition. The results of these preliminary tests have been carefully examined and improvements have been suggested
to JRC-Ispra to make the system more versatile and more consistent with the model.

4.3.2. IAEA SYMPOSIUM ON NUCLEAR SAFEGUARDS TECHNOLOGY

Two studies have been presented to the Nuclear Safeguards Technology Symposium, held at Vienna, 8th to 12th November 1982.

- Belgian experience in safeguards implementation and related R and D activities (1AEA-SM-260/86).

The nuclear facilities, in operation in Belgium and considered in this study, cover an important part of the fuel cycle. The power
reactors located in Docl and Tihangc, the UO2 fuel fabrication Plant (FBFC) and the mixed oxide fuel fabrication plant (BN)
operated at Desscl, and finally the S.C.K./C.E.N. research centre, with its 7 material balance areas, at Mol have been considered.
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For each of these facilities, the applied safeguards approach has been described. An estimate oftb? <oerator's inspection efforts,
observations on the safeguards effectiveness and the research and development activities have been made. It has been proven that
the Agency's tentative technical objectives have been reached by the implementation of nuclear material accountancy together with
the described inspection effort.

- Optimization of NDA measurements in field conditions for safeguards purposes (IAEA-SM-260/10S)

The requirements for the safeguarding authority to verify the operator's declarations, lead to the need for NDA instruments to be
used by the safeguards inspectors, to supplement independent chemical analysis of samples provided by the operator. The need to
undertake tests in field conditions for NDA applications, was recognized very early by the IAEA.
Most of the safeguards instruments (SAM-2, HLNCC, neutron collar, calorimeter...) have in fact been tested in Belgian facilities
and the results of these tests have been reported.

4.3.3. ASSISTANCE TO THE CENTRAL NUCLEAR MATERIAL ACCOUNTANCY SERVICES OF S.C.K./C.E.N.

This assistance consisted of:
- updating of the inventories of six material balance areas;
- follow-up of the daily transfers of nuclear material;
- preparation of the monthly inventory change reports and material balance reports;
- preparation of and attendance at the 60 inspections performed by the IAEA and EURATOM Safeguards Authorities;
- advice on the elaboration of a new computerized accountancy system.

4.3.4. THEORETICAL WORK

Theoretical work has been carried out in the following areas:

- the application of Z-transforms to the simulation of fuel fabrication plants by multidimensional models;
- the application of numerical prediction and filtering techniques to the consideration of noisy systems and discrete time scries under
uncertainty.

Conclusions from these activities have been presented at Working Group Sessions in Karslruhc (June 1982) and Vienna
(November 1982).

S.C.K./C.E.N. also attended the 7th Symposium on Operations Research at the University of St. Gallen and prepared a paper to be
presented at the forthcoming ESARDA Symposium at Versailles.

4.3.5. SAFEGUARDS ANALYTICAL LABORATORY EVALUATION
(R. Boden, L. Vandevclde, P. Dicls, P. De Rcggc)

Quality control for routine analytical services has been assured by continued participation to the SALE programme. The results
obtained during 1982 are given in Table 4.5.
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TABLE 4.5.
S.C.K.jC.E.N. results for the SALE programme

Uranyl nitrate
U concentration

235U content

Uranium dioxide
U concentration

235U content

Plutonium dioxide
Pu concentration

239Pu content
241Pu content

(Pu,U)O2 pellet
U concentration

235U content
Pu concentration

239Pu content
241 Pu content

Mean % difference
(bias) (%)

-0.060
0.117

0.015
-0.038

-0.051
O.001
0.441

0.150
0.028
-0.026
-0.054
0.985

95 % confidence
level of mean (%)

0.238
0.072

0.205
0.234

0.474
0.007
0.362

0.274
0.324
0.173
0.034
0.532
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Chapter 5

FUSION

INTRODUCTION

The increasing awareness of the importance of the technology aspects for the construction of a fusion reactor has inspired the Fusion
Directorate General of the CEC to install a Fusion Technology Steering Committee (FTSC).

This committee has adopted a new approach for the establishment of a European Fusion Technology Programme. Instead of leaving
the initiatives for programme proposals to the different participating countries, as it was in the past, the programme will now be
elaborated by the Commission with the help of experts and under the supervision of the FTSC The FTSC will further decide upon
implementation.

Although this procedure is time consuming and causes some delay in the elaboration of the contracts between the CEC and the
partners for the 5 years programme 1982-1986, it will enable the establishment of a well-co-ordinated European programme focussed
at well-defined near and long term goals.

5.1. LITHIUM TECHNOLOGY AND CORROSION STUDIES

5.1.1. OPERATION OF THE LITHIUM FACILITIES
(Ja. Dekeyser, M. Soenen)

Concerning the operation of the Li-facilities, the following loops and stands have been used in the Technology and Energy
department of S.C.K./C.E.N. :
- the Li-1 loop (in operation since 1976).
- the Li-01 stand (in operation since 1979).
- the "on-line" monitor stand (in operation since 1981).
- the Li-2 loop (in operation since 1982).

- Operation of the Li-1 loop

After a great number of corrosion experiments in the past years with many loading and unloading operations of the samples, the
impurity level of non-metallic impurities in the loop has increased, leading to pipe plugging by deposition of these impurities. It is of
great importance to carry out corrosion tests in a well defined lithium so that the effect of different parameters on the steady state
corrosion rate can be followed. The different parameters are for example the maximum loop temperature, temperature difference
between the hot and the cold part, flow velocity and the influence of the different purification units (hot trap, cold trap p.nd magnetic
trap).

During 1982 one has tried to analyse the depositions from (hi fill and dump circuit of the loop and from the filter in the purification
tank. A special device to fill the loop from the separate purification tank is installed. The loop is filled with lithium from this
purification tank and after some days the lithium flow increased to a normal value in the purification circuit, in the hot part (HS2)
and in one section of the cold part (CS1). In another cold section (CS2), no flow could be noticed even after heating this section to
500°C. In this cold section, there must be a deposition of impurities in the tubes. The loop has been dumped and the plugged section
will be renewed in the future.

Summarizing, one may conclude that in the past year, major difficulties have appeared by obstruction of pipes due to deposits.
Better impurity control has been tried by previous purification of the lithium in a separate tank and reducing the contact with
nitrogen of the loop internals. Due to these difficulties, effective operating time of this loop is limited to 2,220 h, with a total working
time of 35,244 h at the end of 1982.

In 1983, one will try to restore lithium flow in all parts and control the lithium purity and to continue corrosion tests.
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- Operation of the Li-01 stand

The Li-01 is a small natural convection loop, put in operation in 1979. To nitrogen from the lithium, 0.5 kg titanium sponge has been
put into the expansion tank of the loop. The temperature in the expansion tank has been maintained for more than 4 months at
600°C, but the natural circulation in the loop could not be restored. After this period, the stand has been dumped through the hot leg.
Due to a deposit in the lower part, it was not possible to dump the loop through the cold leg. The hot and cold legs have been
removed. The lithium in the tubes will be analysed to identify the deposits. It is not only sufficient to know the different elements
present in the deposits, but also their chemical form. In Fig. 5.1., a cross-section of the blocked region of a pipe is shown. The white
parts are lithium and the black parts are deposits of an unknown nature. New tubes were installed and the loop filled with lithium for
purification. After dumping the lithium in the dump tank, a sampler taker and corrosion samples of candidate structural materials
(AISI 316L - R8 - Ti6A14V - V2OTi - TZM - Mn modified Ispra reference steel 1) have been installed. The loop was again filled with
lithium and a corrosion test at 600°C has been performed for different exposure times, up to a maximum of 736 h. The nitrogen
concentration at the start of the test was less than 900 ppm. Other tests with the same materials and at dilTerent temperatures
(400°C, 500°C) arc planned for the next year.

Fig. 5.1. Cross section of a tube with deposits

Li
Deposits

10mm
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Fig. 5.2. Schematic view of the "on line" monitorstand
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- Operation of the "on-line" monitor

The "on-line" monitor stand has been used to determine the permeation characteristics of hydrogen through an u-Fc and Nb
membranes. The membranes arc welded into a stainless steel tank which is connected to the "on-line" monitor stand as shown in
Fig. 5.2. The H2 is originating from gas cylinders and admixed to an argon flow in a well defined concentration.

The H2 permeation tests through a 1 mm thick a-Fc and a 0.5 mm thick Nb membrane have led to the following results :

a-Fe : between 473 K to 523 K. P =

(1.126 ± 0 . 4 3 ) 1 Q - V / 3 c x P - ( 5 2 2 5 '
RT

523 K to 673 K. P =

(0.S6 ± 0.43)10"= p = ( 62676 ± 6363 )
RT

Nb : between 673 K. to 723 k P

(3.46 ± 0 . 4 3 ) y

723 K to 773 K p =

(2.42 ± 0.78) 10"9

RT

P = permeation coefficient (Pa 1 cm*1 s'1 Pa'1'2)
R = gas constant (8.3149 J K'1 mol"1)
T = temperature (Kelvin).

The permeation coefficient of H, through a-Fc gives reproducible results, but it is very difficult to compare the present results with
other literature data due to their great diversity. The permeation coefficient of H2 through Nb is less reliable, due to surface
phenomena in the lower temperature range and the change in the crystal structure. Therefore, for future tests, it is planned to use a-
Fe membranes instead of Nb.

After determination of the permeation coefficient with calibrated gas mixtures, the stainless steel tank is filled with lithium. When
the a-Fe membrane is not dipped into the lithium, addition of 2 g LiH gives an abrupt increase of the lithium temperature due to a
chemical reaction. The signal of the ion getter pump increases at the same time, due to the temperature increase of the membrane or
the increased amount of hydrogen. When the a-Fc membrane is in contact with lithium, the addition of 2 g LiH gives a small increase
of the signal of the ion gauge in equilibrium condition. The partial pressure of hydrogen in liquid lithium with an a-Fc membrane of 2
mm thickness, in the temperature range from 400°C to 500°C and with hydrogen concentrations from 42 ppm to 332 ppm, is in good
agreement with the theoretical prediction. In Fig. 5.3., the results of the measurements are given. The a-Fe membrane is
disassembled for metallurgical examination after an exposure time of about 1500 h at 500°C to lithium.
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Fig. 5.3. Partial pressure of H in Li in function of the H concentration

/773 K
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Hydrogen levtl InlppmH)

The permeation ofN2 through an a-Fe membrane has also been examined, but the results are not reproducible. Metallurgical analysis
showed an oxidation of the membrane. This oxidation is due to the oxygen content (0.5 vpm) in the calibration gas. This
phenomenon of oxidation has no influence on the H2 permeation tests because of the reducing effect of hydrogen on oxides.

Further tests with a-Fe membranes in lithium will be carried out for higher levels of hydrogen. After these tests, a diffusion type
monitor will be placed in the Li-01 stand.

- Operation of the Li-2 loop

The Li-2 loop was filled with purified lithium (< 100 ppm H2) in June 1982 and operated in the temperature range of 300°C to 350°C in
the hot section. The Li-2 loop is mainly used for some heat transfer tests (sec par. 5.1.2.). Operation of the loop has been satisfactory,
although the operation time is limited to 75 h. It is known from previous experience that deposits have only an effect on the flow
characteristics after much longer periods, e.g. of one to two years.

5.1.2. LITHIUM HEAT TRANSFER
(Ja. Dekeyser, G. Vanmassenhovc)

Lithium heat transfer tests, to study the heat transfer coefficients for fully developed turbulent flow, have been carried out in the Li-2
loop. Experiments under isothermal conditions are carried out to verify the readings of the thermocouples and determine the heat
losses and the time needed for thermal stabilisation of the circuit.

The experimental set-up consists of a heated rod of 17.3 mm O.D. in a circular pipe of 31.8 mm I.D., resulting in an annular section,
with heat transfer from the inner wall to the streaming fluid. The heated length of the rod is 50 cm, while the total length of the
uniform section is about 120 cm. The aim is to study the heat transfer in the turbulent flow conditions with stabilized flow and
established thermal equilibrium. Thermocouples are placed near the end of the heated zone i.e. in the stable temperature region.
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TABLES.!.
Matrix for tests in the Li-2 loop

Lithium
temperature

°C

Specific powr
of the heater

W cm"2 6000 8000

Reyolds Number

10000 20000 30000 35000

300

350

15
20
30
20

X
X
X

X

X

X
X

X

X
X
X
X X

X
X

The data necessary to determine the temperature profiles and local heat transfer coefficients are :
- the thermocouple readings at four stations along the axis of the heating rod;
- the inlet and outlet temperatures of the test section;
- the power dissipated by the heating rod;
- the flowrate in the test section;
- the ambient temperature.

All these data arc handled in a computer programme.

The test conditions are given in Table 5.1.

In Fig. 5.4., temperature profiles arc given for different measurements in comparison with the calculated theoretical profiles. The
Nusselt number is also calculated from the experimental data and shown in Fig. 5.5. for the four axial locations in the test section.
From tests in sodium and theoretical considerations, the expected heat transfer correlation Nu = 5.56 + 0.22 Pe0-806 has been
deduced and is also shown in Fig. 5.5. It can be seen that the experimental results obtained arc higher than the predicted ones.
Detailed explanations for these discripancics have not yet been found. Therefore, the test section will be modified and additional
thermocouples will be installed in the wall of the heater, so that the wall temperature can be measured directly. Further tests are
planned in 1983.
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Fig. 5.5. Comparison of fully developed Nussell numbers
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5.1.3. COLLABORATION WITH THE USSR
(Ja. Dekcyser, M. Soenen)

Within the scope of the existing agreement between the State Committee of the USSR, S.C.K./CE.N. (Belgium) and ECN (The
Netherlands), the details of co-operative R & D work by S.C.K./C.E.N. and I.V. Kurchatov Institute of Atomic Energy on
engineering problems of fusion technology development, which arc of joint interest have been assessed. The main purpose of the
joint work is to produce liquid Li-dcviccs, capable of simulating the operating conditions of various systems for plasma impurity
limitation and protection of the first wall.

During different stays of specialists from I.A.E. - I.V. Kurchatov at Mol (3-10 February and 12-19 October 1982), the preliminary
specifications and the conceptual design of the experimental test section of the lithium loop have been discussed and preliminary
drawings of the experimental test section arc finished. With the U.S.S.R. specialists, further details have been worked out on
instrumentation, vacuum control and pumping systems needed during the operation of the test section with the ion beam injection,
electron beam guns or with pulsed plasma sources.

The S.C.K./C.E.N. work mainly concerns the following topics :

- construction of the test section with its internal devices for droplet, film and jet flow of lithium;
- instrumentation for
• analysis of the composition of the residual gases;
• measurement of the lithium temperature of the loop and in the experimental region;
• measurement of Li-film thickness;
• determination of the electron concentration and plasma temperature (partially);
• optical measurement of free Li-surface (partially);
- vacuum pumping and control system for the loop test section;
- electricity supply for the entire system.

The technical design of the experimental test section and the final report will be finished in 1983.

5.1.4. MAGNETOHYDRODYNAMIC EFFECTS ON LIQUID METAL BREEDERS AND COOLANTS
(A. Falla)

A research programme in the field of the magnetohydrodynamic (MHD) behaviour of liquid metals envisaged as breeder and (or)
coolant (pure lithium or lithium-lead alloy) for fission reactors has been proposed as part of the thcrmomcchanical and corrosion
studies in the fusion reactor blanket technology.
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This programme includes experimentation in S.C.K./C.E.N. liquid metal test facilities Na 3 (MHD pressure loss and velocity profile
studies) and Li-2 (corrosion studies in the presence of magnetic fields).

In connection with the experimental programme, a finite clement computation programme has been used to evaluate the liquid
metal flows in the presence of a transverse magnetic field. In a first stage, computations have been carried out in the following case:

- a liquid lithium flow in a rectangular duct (280 mm X 180 mm) with non-magnetic (|ir = 1) electricity conducting walls;
- wall thickness of the duct: 10 mm;
- the magnetic induction is perpendicular to the long side of the duct (sec geometry in Fig. 5.G and 5.7.).

One has examined the influence of the electrical wall conductivity on the liquid lithium velocity profile, the current density and the
voltage distribution. Especially, the near-wall effects have been studied.

The flow geometry and some results are shown in Fig. 5.6. and 5.7. One can conclude that the electrical conductivity of the wall
actually is a very important parameter and it becomes quite important to characterize the electrical resistance of a possible
corrosion deposition on the duct walls.

Fig. 5.6. Near-wall induced electrical current density of a liquid lithium flow in a rectangular duel. Curves 1.2 and 3 hare been obtained for
different electrical conductivity values of the walls.

INDUCED CURRENT DENSITY
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Fig. J . 7. Near-wall velocity profile of a liquid lithium flow in a rectangular duct. Curves 1,2 and 3 have been obtained for different electrical
conductivity values of the walls. Curve 4 is related to a zero magnetic induction and is shown for comparison.
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5.2. LITHIUM CORROSION STUDIES
(F. Casteels, H. Tas, J. Dresselacrs)

The analysis of metallic impurities present in lithium and adherant and non-adherant deposits present on the inner walls of the Li-01
loop, operated during 6800 h in the temperature range between 448°C and 700°C, revealed in the heating and cooling section the
following features.
- Fc, Ni, Cr, Mn, Si, Ti, V, Zn and Ca arc the main elements present in the residues observed in downstream positions of the cooling
section of the loop. Iron, chromium, nickel and manganese, the main alloying elements of the construction material of the loop
deposit preferentially in well defined temperature regions. Iron rich deposits and corrosion products arc present in the smallest
downstream position. This phenomenon is associated with the presence of a fcrritic surface layer and the well-known transition
from corrosion to deposition in downstream position of temperature slightly below the maximum temperature in the loop. Whereas
chromium is the main alloying clement in deposition products present at 600°C, Ni precipitates mainly at 560°C and Mn in the
temperature range between 600°C and 520°C.
- Fe, Ca, Cr, Ni and Si arc the most important metallic alloying elements present in the residues collected in the heating section of
the loop. The heating section is covered with a fcrritic subsurface layer; preferential attack located between the unaffected bulk
material and by preferential dissolution of Ni, Si, Cr and Mn is associated in the temperature range between 670°C and 640°C with
the formation of Me - 0 - S - Cl compound.
The amount of metallic elements (Cr, Fc, Mo, Ni) present in lithium (dissolved or suspended) increases with increasing nitrogen
content of the lithium, the most pronounced effect of nitrogen on the solubility of metallic elements has been measured for Cr and
Mo.

The corrosion mechanism of different candidate structural materials exposed during 500 h, 1333 h, 4687 h and 7389 h in the hot
(400°C) and cold sections (360°C) of a forced convection loop in relative pure lithium (nitrogen content in the range between 25 ppm
N, and 220 ppm N-,) has further been investigated using scanning electron microscopy and Auger spectroscopy techniques.

The exposed materials are : the austenitic steels A1SI 316, AIS1 304, Nitronic 33, Nitronic 40, Carpenter 18/18 plus, the Mn
modified reference material provided by CCR Ispra), the fcrritic steels (WN 1.4922, EM12, DTO2). the light alloy Ti6A14V and
refractory alloys (Nb, V20Ti, TZM).

Auger electron spectroscopy indicated the fact that the corrosion reactions in the light alloy Ti6A 14V and the refractory alloys (Nb,
TZM, V20Ti) in low velocity lithium (0.05 m.s"1) and pure lithium (nitrogen content 70 ppm) at 400°Cduring 2712 h remains limited
to subsurface layers of less than 1x10'6 m depth.

The corrosion of Nb is mainly governed by exchange reactions of the interstitial elements, 0 and N and a preferential pick-up of Cr.
The corrosion mechanism of Ti6A 14V is governed by the pick-up of carbon, oxygen and chromium and a preferential loss of AI to a
depth of 100 10-'°m.
Oxygen and chromium arc the most important elements involved in the exchange reaction between TZM and Li resulting in the
formation of molybdatcs at the surface of the TZM alloy.

Oxicarbides or mixtures of oxides and carbides arc formed on the surface of the V 20Ti. The loss of the subsitutional elements V and
Ti is partially balanced by the preferential pick-up of Cr. A very thin layer (a few A) is enriched in S. The ferritic alloys DTO2 and
EM 12 react according to the same mechanism. A very thin reaction layer (about 20 Ä) enriched in oxygen, carbon and sulphur has
been formed. Preferential loss of the substitutional elements is limited to the zone enriched in interstitial elements.

Most of the candidate structural materials investigated suffer from mctall loss even in the cold section (360°C) of the Li-1 loop. This
phenomenon is due to the predominant character of the dissolution reactions on the deposition reactions for certain structural
materials.
The parametric study related to the corrosion resistance of candidate structural materials has been continued.
AISI 316L, the Mn modified Ispra reference material, the fcrritic alloy R8 (EM 12), Ti6A14V and V20Ti have been corroded in a
thermal convection loop at 600°C for exposure times up to 736 h in lithium with a velocity of 0.033 m.s'1. Weight gains, essentially
due to the pick-up of interstitial elements has been noticed for Ti6A14V and V20Ti. The Mn modified Ispra reference material
possesses the lowest weight loss (1.10"6 m.a"1) in the series of the austcnitic and ferritic alloys.

The construction and testing of an electrochemical nitrogen activity meter in dynamic lithium is finished. Calibration in gases with
well known nitrogen activities is in progress.
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5.3. PHYSICS

5.3.1. PARTICIPATION IN THE JET PROJECT
(S. De Leeuw, G. Dc Lceuw-Gicrts, A. Fabry, H. Tourwe)

The measurement of the neutron flux density around the JET-torus can be based upon the utilization of pneumatic rabbits for the
irradiation of fissile targets during each pulse of approximately 10 seconds, followed by the counting of delayed neutrons emitted by
the target. The development and the calibration of such a system is possible at the BR1 reactor, using the 235U spectrum facility to
simulate the measurement conditions during the (D,D) phase of JET operation (neutron energy of 2.45 McV). A high-speed
movable rabbit is now available for the irradiation of 238U and other specimen!: in this facility. A series of delayed neutron
measurements was performed with 3Hc counters embedded in paraffin; it confirms the high sensitivity of the technique.

The array of counters was optimized with respect to the statistical accuracy and to the number of counters by studying the
thcrmalized neutron distribution and the shadowing effects between counters.

Neutron spectromctry measurements arc also planned in order to deduce the temperature of the plasma-plasma interactions from
the neutron energy distribution in the (D,T) operation me-'..

Various designs of spectrometers have been studied, all based on the 6Li(n,u)t reaction. LiF or metallic Li targets can be used to
detect a and tritons with surface barrier or Si-Li detectors. The design of the spectrometer depends on the measurement location
which will be selected. At 5 meter from the plasma inside the shielded room, the shadow bar geometry can be adopted; the neutron
spectrum is deduced from the triton energy distribution, taking advantage of the forward peaking of the angular neutron cross-
section. Outside the shielded room, the efficiency is much smaller; an almost 4 JC detection geometry is looked for, consisting of two
shielded detectors parallel to the beam, on each side of the 6Li target. The simultaneous analysis of the Ea+ E, and EQ - E,
distributions in a same measurement would then provide the neutron spectrum with the 2% energy resolution required.

5.3.2. STUDY OF THE IRRADIATION CONDITIONS FOR THE TESTING OF FUSION REACTOR STRUCTURAL
MATERIALS IN MATERIALS TESTING FISSION REACTORS (MTR's)
(J. Debrue, Cb. De Raedt, H. Tourwe, J. Vanmechelen)

As known, one of the drawbacks of the utilisation of MTR's for the testing of fusion reactor first wall materials is the fact that the He
production over dpa production ratio is not time-independent and is lower than the calculated evolution in fusion reactor first walls.
When testing AI SI 316 or other nickel-containing steels in MTR's, the main production of hcliupi results from the two-step thermal
reaction in nickel:
58Ni(n,v)59Ni(n,a)56Fc.

59Ni being formed as intermediate, an enchanccment of the helium production could be obtained by doping the steel with this 59Ni.
A practical realization of this idea consists in prc-irradiatingthc steel in a thermal neutron flux, hence forming (together with some
helium) a certain amount of 59Ni that will further be transmuted into helium during the proper fusion material test irradiation. This
idea was worked out by calculations for B R2 and the results appear to be promising; a reasonably constant helium production/dpa
production ratio could be obtained of the same order of magnitude as in fusion reactor first walls [22]. In order to check the
calculations, an irradiation campaign of pure nickel samples in capsules in BR2 was prepared and started. S capsules are being
irradiated, some for about 100 and others for about 200 EFPD in thermal and/or in mixed (thermal + fast) neutron fluxes. After the
irradiations, the isotopic composition of the nickel and the helium production in the nickel arc to be measured, as well as the thermal
and fast neutron fluences. By the end of 1982, 100 EFPD irradiation was achieved and some of the capsules were unloaded and
prepared for analysis while the other capsules were further irradiated.

In order to evaluate on a uniform basis the radiation damage results obtained in various MTR's involved in the study of the
behaviour under irradiation of structural materials for future fusion reactors, S.C.K./C.E.N. was asked in 1982 to perform the
intercomparison work of the related dosimetry (experimental and calculational). The reactors concerned are ORR and HFIR (Oak
Ridge), HFR (Pettcn), R2 (Studsvik) and BR2 (Mol). In a first stage, a detailed questionnaire concerning the testing devices and
conditions and the related dosimetry was sent to these laboratories. The information received will next be analysed and compared.
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5.4. MATERIALS
(J. Cornell's, R. De Coninck, J. Nilioul, F. Moons, M. Snjkcrs, \V. Vandermculcn, .1. Van De Veldc)

5.4.1. MECHANICAL PROPERTIES - FAFUMA

Comparison of in-pile and post-irradiation fatigue results remains very important since the in-pile tests arc relatively expensive. In
the framework of an international programme on fatigue, Sweden has proposed to perform in-pile tests on bending type fatigue
specimens. This proposal, however, has been abandoned. As a result of this decision, the S.C.K./C.E.N. programme "FAtigue on
FUsion MAterials" (FAFUMA) has gained more importance. At present, it is the only programme, indeed, which enables a
comparison to be made between in-pile and post-irradiation fatigue results.

For normal operating conditions of MTR's, the helium concentration to atomic displacement (dpa) ratio increases with increasing
irradiation time. Attention has been paid to this phenomenon and a method for obtaining a steady ratio has been proposed as
described in par. 5.3.2.

Post-irradiation testing

The design of the rig for the irradiation of fatigue and tensile specimens for post-irradiation testing has been completed and its
fabrication is under way. The rig contains eight specimen holders stacked on each other. Each holder contains seven fatigue
specimens. The specimens are nearly identical to the US-hourglass samples. The gage pan of the samples is separated from the
holder by a gap and the temperature control is obtained by changing the composition of the Hc-Nc gas mixture in this gap. The
temperature will be measured by several thermocouples distributed over the rig. The tensile specimens arc put in NaK filled
capsules at both ends of the rig. The start of a first irradiation (at 430°C) is planned for June S3.

T
Fig. 5.8. FAFUMA
Dynamic test module Nol
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The CEC reference material has been received in June and the preparation of specimens has started.The required specimen surface
finish can be achieved without difficulty but due to the small specimen diameter and the soft state of the material, problems arc
encountered to machine it without introducing cold work.

The commercial machines for the parallel tests on non-irradiated samples have been installed. After adaption of the specimen grips,
they will be ready for use. The machines for post-irradiation testing have been ordered and a hot-cell is being prepared to install
them.

ln-pile testing

After the design phase of the module for in-pile testing, a delay was caused by the late delivery of the bellow and the LVDT. At
present, all parts arc available for assembling a prototype module. Its components have been machined and assembled. This
prototype allows out of pile testing at temperatures up to 500°C. The pneumatic part of the system (pressure control) has been
completed and the electronic control system is being made. A picture of the complete prototype test system is shown in Fig. 5.8.

5.4.2. SWELLING

Specimens of 20% CAV. \VN 1.4970 austcnitic steel were irradiated in the HVEM of the University of Antwerp (RUCA) at 575°C at
a displacement rate of 5xl0"3 dpa.s'1 up to a displacement dose of 60 dpa. The specimens were cut from fuel canning tubes and
thinned elcctrolytically at -40°C in order to prevent from hydrogen pick-up. Void swelling, diameter of the mean void volume and
void density as a function of dose have been measured. The swelling increases linearly with increasing dose to 1.5 % at 30 dpa and
increases further but at a lower swelling rate.

A phase instability has been observed.

As compared with results obtained earlier on AISI 316 and on AMCR steel, the swelling obtained on W.N. 1.4970 is very low.

Computer calculations were performed in order to explain the differences in swelling behaviour.

5.4.3. THERMAL SHOCK AND THERMAL FATIGUE

The use of low-atomic number materials as first wall materials in fusion devices has still its importance, regarding limitation of the
plasma mean atomic number. Although Ti has an atomic number of 22, TiC is nowadays considered as a candidate first wall
coating. The influence of the deposition method, plasma spraying (PS) or chemical vapour deposition (CVD), on the thermal shock
resistance has been investigated by means of electron bombardment. Compared to the CVD specimens, the PS specimens show a
damage threshold which is 20% higher. Also the resistance, against thermal fatigue of the prime candidate material, type AISI 316
SS, was investigated by means of electron bombardment. Thresholds for deformation and for erosion were determined.

5.4.4. RESISTIVITY MEASUREMENTS

The apparature for the study of recovery and phase changes in metals and alloys has been equipped with an automatic computer
controlled furnace which can be heated up to 1500°C.

5.5. OTHER ACTIVITIES
(N. Maene, F. Moons)

In the framework of the collaboration between KMS/ERM and S.C.K./C.E.N., the mechanical design for an ion cyclotron
resonance heating antenna and antenna transmission line interface for the TEXTOR (Jiilich, Germany) tokamak has been
performed.
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Chapter 6

ORIENTED BASIC RESEARCH

6.1. MATERIALS

(J. Nihoul)

The major part of the efforts of the Materials Science Department is devoted to applied research in the fields of vitrified waste
characterization, photovoltaic solar cells, fusion materials and superconductors, for which it is referred to the appropriate sections
of the present report.

More basic research related to materials was continued in the field of structural and physical properties of various solid materials.

Electron microscopy observations were focusscd on grain boundary characterizations in cubic and hexagonal systems and
composite materials such as WC-Co, deformation mechanisms in zirconium, dislocation structures in ordered alloys and high
resolution micrographs for a number of alloy systems.

Neutron diffraction experiments were devoted to studies of electronic density deforma'ons in tctracyancthane and to
reoricntational motions in potassium amide.

Studies of physical properties further involved internal friction in tensile-deformed zirconium, magnetic susceptibility in irradiated
quartz and various thermophysical measurements.

Theoretical studies were continued in the field of quantum theory and electronic structure of solids and of electron diffraction.

These programmes were performed in close co-operation with Belgian and foreign laboratories and largely within the scope of
associations with K.UL, LUC, RUCA, ULB-IRE, VUB and Univcrsitc dc Caen.

6.1.1. ELECTRON MICROSCOPY
(P. Dclavignette, S. Amelinckx, J.G. Antonopoulos*, A. Art**, G.L. Bleris***, M. Ghodsi**, S. Hagege4*, N. lgata5*,
Th. Karakostas***, L.T. Miyada-Nabonhana8*, R.V. Nandedkar6*, G. Nouet4*, E.K. Polychroniadis***, J. Van Landuyt7*,
G. Van Tendcloo7*, J. Vicens4*, F. Watari5*)

• Demokritus University of Thrace, Xanthi (Greece)

*' Univcrsitc Libre dc Bruxcllcs

*** Physics Department, Aristotle University, Thessaloniki (Greece)

•*• 1SMRA, Univcrsitc de Caen, 14032 Caen Ccdcx (France)
St University of Tokyo, Bunkyo-ku, Tokyo 113 (Japan)

'• Reactor Research Center. Kalpakkam 503 102 (India)
7* R.U.C. Antwerpen and U.I. Antwerpen

'• IPEN, Sao I'aulo (Brazil)

The characterization of coincidence grain boundaries described by the orientation relationship between each crystal element is
studied by the comparison with tabulated coincidences. A formal approach has been developed for the cubic and the hexagonal
systems. A large amount of tables has been calculated for the hexagonal crystals [53, 348,429]. A method is proposed for the
quantification of the deviation between an observed grain boundary and tabulated cases. A new concept is proposed for expressing
the deviation between the axial ratio for a particular crystal and the corresponding tabulated approximate value.

Coincidence grain boundaries have been studied in the cubic Cu-Ni system. The structure of a particular grain boundary has been
analysed in detail and a deviation of 50' from a coincidence orientation has been identified by the presence of intrinsic grain
boundary dislocations [68].
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Grain boundaries have been studied in sintered multiphase ceramics [349, 359]. It has been concluded from the observation of
coincidence boundaries that the crystal grains are in direct contact: i.e. in the case of the composite material WC-Co, the absence of
a Co phase between the WC grains and in the case of 4 H SiC, the absence of an amorphous phase between the grains, although this
phase is present at triple junctions.

Different deformation mechanisms have been characterized in Zr by transmission electron microscopy. On the one hand, various
dislocation structures have been detected originating cither from basal dislocations or from prismatic dislocations. On the other
hand, mechanical twinning is also present. The nature of mechanical twins has been analysed; it is concluded that not only the
different well-known twins have been observed, but also the presence of higher order twins has been detected.

A method has been developed allowing a high precision determination of all the elements characterizing a subgrain boundary :
rotation axis, fault plane orientation, and dislocation orientation and cquidistancc [79,421]. These informations allow in particular
the determination of the length of the Burgers vector of boundary dislocations.

Dislocation structures have been studied in the ordered alloy Al3Zr, of the DO?3 structure. Burgers vectors have been determined
by contrast experiments and the results have been confirmed by the subgrain boundary analysis; lengths of Burgers vectors have
also been determined. A majority of tilt boundaries arc observed [79, 421]. More complex subgrain boundaries have also been
analysed in W for which mixed subgrain boundaries are decomposed in a twist component and in different tilt components.

A new superstructure has been detected in the Zr-Al system with composition Zr,Al-, and due to an ordered arrangement of
vacancies in a matrix related to the phases Zr5AI3 and Zr5Al4 [71].

The effect of a dehydration process (goethitc into hematite) on the diffraction pattern has been studied. The effect on the peak
broadening has been more particularly studied [100] as a result of size effects, fragmentation of the crystals in small domains and
the presence of voids. The effect of the twin transformation is also analysed.

New superstructures have been studied in the Cu-Ti system which are due to varying chemical compositions ranging from CuTi to
Cu2Ti [61,420]. The resulting different stacking sequences have been analysed. Long period superstructures have also been studied
in the copper intercalate phase of CuxVS2.

Apart from a further development of the underlying theories for image calculation required for the interpretation of high resolution
electron micrographs, a number of materials have been studied by this technique [98, 94]. Most of the studies concerned alloy
systems [Au-Mn (96,93,97,95), Pd-Mn (80), AuMg (94)] but also ceramics have been the subject of these structural studies [e.g.
(98)]. New alloy phases could be characterized by the combination of electron diffraction with high resolution imaging results.

6.1.2. NEUTRON DIFFRACTION
(E. Legrand, S. Hautecler, VV. Wegener, L. Tielemans*, L. Van Gervcn**, A- Parfonry***, J.P. Declcrcq***, B. Tinant***,
M. Van Meerssche***, M.S. Lehmann4*)

• I.I.K.W. bursar

•• K.U.l.cuvcn

••* U.C.L., Louvain-la-Ncuvc
4* I.L.L. Grenoble (France)

6.1.2.1. Study of rcoricnlational motions in potassium amide

The motions which arc studied with the aid of quasi clastic neutron scattering are the rcorientations ofNl I, groups in KNI I2in its
three crystalline phases : cubic, tetragonal and monoclinic.

The analysis of the timc-of-flight measurements performed on the I.N.5.-spcctrometcr of the I.L.L. in Grenoble did not give a clear
answer to the question if the NH2 groups make jumps around the three or four fold axes in the cubic phase or not. Therefore some
doubt arose about the purity of the specimens. A new sample was prepared on our request by the Technische Hochschule at
Aachen. Quasi-elastic neutron scattering measurements were repeated at the BR2 reactor at Mol in the three phases. However, an
X-ray analysis performed on this sample after the neutron experiments, showed the presence of 30 % impurity. This was probably
due to reaction of the sample with the glue used to close the sample holder. A new sample holder was developed and the
measurements in the cubic phase have already been repeated.

6.1.2.2. Electronic deformation density in tctracyanethanc

To study the deformation of the electronic density in tetracyanethanc (C6H,N4), measurements were performed on a single crystal
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Fig. 6.1. Subgrain boundary observed in Zr annealed at 157ÜJ1070 K during 30 min. at each temperature.

at low temperature (158 K) on the D9 diffractoincter of the I.L.L. Grenoble; 2583 reflections, of which 1603 are independent, have
been measured.

The analysis of the intensities measured was further treated at the U.C.Louvain.

6.1.3. INTERNAL FRICTION IN ZIRCONIUM
(L. Miyada*, R. De Batist**)

* Institute) do Iinergia Alomica (IEA). Sao Paulo (Brazil)

•• Also R.U.C.Antwerpcn

The internal friction spectrum of zirconium has been further investigated, in particular the effects of tensile deformation at liquid
helium temperature. Computer analysis of this spectrum as a sum of Debyc relaxation peaks allows to distinguish not less than 6
separate relaxation effects. The relaxation strengths of these peaks appear to depend on the microstructurc of the materials and are
affected in a different way by thcrniomcchanical treatments (high-tcnipcraturc, high-vacuum annealing, plastic deformation of
various types at different temperatures, room temperature ageing, charging with hydrogen, etc.). Transmission electron
microscopy has also been used to study the microstructurc in the different states; hydride precipitation, twinning, subgrain
boundaries and dislocation networks have been observed. (Sec also section 6.1.1.). An example of a subgrain boundary structure is
shown in Fiu. 6.1.

6.1.4. MAGNETIC SUSCEPTIBILITY
(A. Van den Bosch)

The static magnetic susceptibility data, which have been obtained following the Faraday method on irradiated u-quartz single
crystals, were compared with positron annihilation lifetime and lincshape measurements (R.U.G.) and to the "glassy" thermal
conductivity (K.U.L.). The behaviour of the fast-neutron irradiated samples can be understood on the basis of a spikelike
mechanism for the amorphization process. In electron irradiated quartz, the susceptibility and positron annihilation data suggest
the absence of amorphous spikclikc domains. The thermal conductivity, however, is found to be markedly reduced. The reduction
is attributed to two level systems which consequently are not directly related to amorphous spikclikc regions.
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Fig. 6.2. Experimental phonon data as a function of wave vector (in units of the first Brillouin zone vector), compared with the calculated
phonon curves, obtained from the derivatives of the interatomic potentials.
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6.1.5. THERMOPHYSICAL MEASUREMENTS
(R. De Coninck)

In the framework of the characterization of embedding materials for nuclear waste, the thermal conductivity of two kinds of
glasses, WG 60 I and \VG 292, has been determined between 33 and 183°C. Values increasing respectively between approximately
1.01 up to 1.21 W m^'CHvyGGOl), and from 1.03 up to 1.14 W.nVl°C1(WG292) have been found.

On request of a French industrial company, high temperature thermophysical properties measurements have been carried out on
composite, stratified carbon/carbon specimens, parallel as well as perpendicular to the strata. These measurements comprise
thermal cmissivity, at 0.65 and at 2.3 urn wavelength, between 930° and 2250°C, and thermal diffusivity and thermal conductivity,
both between 670 and 2250°C.

In the framework of the PAH R programme, measurements of thermal cmissivity, thermal diffusivity and thermal conductivity have
been started on highly porous ZrO2. This is a candidate material for high temperature insulation in nuclear reactors.

6.1.6. THEORETICAL STUDIES

6.1.6.1. Quantum theory and electron structure of solids
(J. Devreese*, F. Brosens**, J. Cornelis, R. Evrard***, J. Nihoul, F. Peetcrs4*, P. Van Camp5*, V. Van Doren5*)

* U.l.Antwcrpcn and R.U.C.Antwerpen

" U.l.Antwcrpcn

*•* Univcrsitc de Liege, Sart-Tilman
4* U.l.Antwcrpcn
5* R.U.C.Antwcrpcn

In particular we have considered pseudo-potentials as a starting point for structural calculations (Fig. 6.2.). From the pseudo-
potential, we calculate the dielectric response and the phonons in simple metals. The results concerning the interatomic forces arc
then compared with those obtained by the method which we developed earlier to obtain the interatomic forces from the phonon
spectra.

We have studied the polaron in a magnetic field at all coupling and temperatures. We obtained the lowest variational energies
realized so far. Furthermore, it was shown that for sufficiently high magnetic fields, the polaron undergoes a phase transition in
which it looses its phonon cloud.

The transport properties of electrons in polar semiconductors and ionic crystals have been studied. Accurate results for the
mobilities have been derived.

We have obtained from ab initio computer calculations the phonon spectra of germanium.

6.1.6.2. Theory of electron diffraction
(R. Gevers*, M. David*, W. Herremans*)

* R.U.C.Antwcrpcn

A novel formulation was developed for the dynamic diffraction theory starting from the Dirac formalism. In a first general study,
the diffraction problem is reduced to a classical Eigenvalue problem applicable to all possible diffraction regimes (LEED, HEED,
RHEED, etc.). This treatment also allows to account for spin effects and finer relativistic effects.
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6.2. NUCLEAR PHYSICS

(M. Neve de Mcvergnies)

In the field of nuclear physics, the overall amount of effort and the close association with a number of Belgian and foreign

universities, international institutes such as CBNM (JRC EURATOM, Gccl) and foreign scientists were maintained.

The major part of the programme was devoted to topics of direct relevance to applied purposes. In the field of neutron
spectrometry, a new programme on cross-sections needed in fusion reactor technology was started. The neutron cross-sections
relevant to tritium breeding in the blanket of a fusion reactor have the highest priority. Therefore, a spectrometer was assembled
and tested, with the aim of measuring the 7Li(n;n',a)T reaction in the neutron energy range between 2 and 16 MeV. The programme
on (n,u) and (n,p) reactions which contribute to the gas production in fission reactor components, was continued actively. The
programme in fission physics included, among others, high accuracy fission cross-section measurements on 233U and a study of the
thermal-neutron induced fission of 238U. The radionuclidc metrology programme involved participation in international
comparisons devoted to "1ASc, 133Ba and l37Cs. Preliminary results on dating of underground water by means of 14C were successful
and prompted to extend this programme. As for laser isotope separation, the major effort was devoted to the study of the separation
of tritium from contaminated water by means of fluoroform CHFV Positive results were obtained, and complementary
measurements were started.

More fundamental research was continued in association with various universities. Experimental nuclear spcctroscopic studies
were performed in close association with the K.U.Lcuven and U.L.Bruxcllcs. The main effort was devoted to the analysis and the
interpretation of results obtained previously on l53Gd, '^Gd, l s sOs and 97Rh. As for the theoretical nuclear physics programme, it
was performed in association with the LUC,Hassclt and the R.U.C.Antwerpcn. It included, among others, studies of the short-
range correlations and the charge form-factor of 6Li, and of the magnetic moment of 12B.

6.2.1. EXPERIMENTAL NUCLEAR PHYSICS

6.2.1.1. Neutron spectrometry

The major part of the measurements reported below is performed in the framework of the joint S.C.K./C.E.N.-CBNM-RUCA-
VUB neutron cross-section programme.

Neutron resonance parameters of structural materials for fast reactors : 56Fe
(E. Cornells*, L. Mewissen, F. Poortmans)

• R.U.C.Antwerpen

The knowledge of the neutron-resonance structure of the structural materials of a fast reactor is requested for the calculation of
resonance shielding effects.

The analysis of the high-resolution total cross-section experiments on 56Fe which were reported in the previous progress report is
completed.

The neutron widths were determined from a shape analysis of the data using the Reich-Moore multilevel code MULTI up to the
threshold for inelastic scattering at 850 keV. The assignment of spin and parity of sufficiently broad resonances (resonance width
not much smaller than resolution width) could be done on the basis of the resonance shape and peak total cross section.

The best overall fit of the data was obtained wit a channel radius R=5.0 fm.
In total, 188 resonances were analysed in the energy range from 240 kcV up to 850 keV. For 80 among them, the spin and parity was
determined. This has yielded the following results for the strength functions in the energy range from 240 kcV up to 850 kcV :

50 = 2.6±8:1 x 10"4 (24 resonances)

51 = 5.0±l:? x 10~4 (30 assigned p-wavc resonances)

52 = 2.8±8:7 x 10~4 (26 assigned d-wave resonances)
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By comparing our results with the ENDF-B/V evaluation, good agreement for the s-wavc structure but quite important
discrepancies for the p-\vavc and d-wavc structures are noted.

Neutron resonance structure of light Elements : 28Si
(I. Van Parys*, L. Mewissen, F. Poortmans, H. Wcigmann**)

* Trainee

«• C.B.N.M. Gccl

A first scries of high-resolution (O.01 nsec/m) neutron total cross-section measurements has been analysed up to the inelastic
threshold at 1.78 McV. The T = 3/2 isobaric analog state of the 1 /2+ first excited state in 29A1 has been found at 1200.8 kcV neutron
energy.

A second scries of experiments between 1.5 McV and 4 McV is planned for the very near future.

Neutron cross sections relevant to fusion reactor technology : study of the 7Li (n; n\ u) T reaction
(E. Dckempcneer*, II. Liskien**, F. Poortmans)

• I.W.O.N.L. bursar

" C.B.N.M. Gccl

The various fusion energy development programmes have yielded a large number of requirements for neutron data measurements.
Among all these requests, the neutron cross-sections relevant to tritium breeding in the blanket of a fusion reactor have probably
the highest priority. The tritium will be bred by reactions of neutrons with lithium through the reactions 6Li(n,u)T and 7Li(n;n\u)T.

We arc assembling a neutron spectrometer to measure the neutron emission cross-section for 7Li, together with the energy
distribution of the secondary neutrons for at least 5 angles and this for incident energies between 2 MeV and 16 McV. The
experiments will be performed using the white neutron source of the 150 MeV LINAC of C.B.N.M. Gccl. The incident neutron
energy will be determined by timc-of-flight and the energy of the emitted neutrons by pulse-height analysis in NE213 proton-recoil
spectrometers.

The mechanical equipment is completed. The electronic equipment and data-taking system are nearly finished. A first scries of
measurements with monochromatic neutrons from the T(p.n) reaction at the Van de Graaff accelerator of C.B.N.M. has been
started. The aim of these experiments is to test the calculated efficiencies and response functions of the NE213 proton recoil
spectrometers.

The 33S(n,u)3()Si reaction in the resonance region
(C. Wagemans*, H. Wcigmann**)

• N.F.W.O./F.N.R.S., R.U.Gent and S.C.K./C.E.N.

" C.B.N.M. Gcel

The 33S(n,a)30Si reaction is of importance for astrophysical calculations. This reaction has been studied at a 30 m flight-path of
GELINA, covering the neutron energy region from 1 keV up to 2 McV. About 40 resonances have been observed, which arc being
analysed.

Thermal neutron induced (n,p) and (n,u) reactions
(C. YVagemans*, P. D'Mondt**, A. Emsallcm***, R. Brissot4*

* N.F.W.O./F.N.R.S., R.U.Gent and S.C.K./C.E.N.

*• R.U.Gent

•** Universitc de Lyon
4* I.L.L. Grenoble

These measurements are the continuation of a systematic study performed at the Grenoble High Flux Reactor.
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A summary of our results obtained so far on (nt|,,p) and (nth,ct) reactions which contribute to the gas production in thermal fission
reactors has been presented at the Conference on Nuclear Data for Science and Technology (Antwerpen, 1982) with the following
abstract:

"Four types of gas producing reactions induced by thermal neutrons have been studied at an intense thermal neutron beam of the
Grenoble High Flux Reactor:

(i) hydrogen, tritium and helium production during the ternary fission process for several actinides;
(ii) hydrogen and helium production via (nt|,,p) and (n,|,,a) reactions on structural materials like V, Zn and Mo;
(iii) helium production via (nth,ct) reactions on fission products like Ru, Pd, Cd and Sn;
(iv) helium production via (nth,a) reactions on actinides from 232Th to 239Pu.

Gas producing cross-sections ranging from a few barn to smaller than one microbarn have been observed".

Several measurements were performed on the 33S(n,h,a) reaction yielding a cu-value of 115 ± 10 mb. For the 33S(nth,Yu) cross-
section, a (preliminary) upper limit of 1 mb was determined. On the same occasion, also the 32S(n,|,,a) reaction was studied: for this
cross-section, an upper limit of 0.5 mb was obtained. In Table 6.1. our results arc compared with the values reported in the
literature.

TABLE 6.1.
The 32S and 33S(n,i,.a) cross-section (mb)

Reference 32s(»,h >a) 3 3 s ( n
11.

Munnich (1958)
Benisz (1965)
Harris (1966)

This work

6.8
3.9

± 0.1
± 0.5

0.5

180 ± 80
151 ± 22
52 ±16

115 ± 10

In another series of measurements, the (nt|,,a) reaction in the calcium region is being studied. For the 40Ca(n,i,,a) cross-section, an
upper limit of 30 ub has been determined, which is two orders of magnitude lower than the value adopted up to now. For4lCa and
43Ca(nti1,a), no data are available in the literature. Here au-valucs of 23 mb (preliminary value) respectively 47 ub have been
determined. Since the 41Ca(n,a) reaction is of importance for astrophysical calculations, additional measurements on a more
enriched 41Ca sample are in preparation.

Also the 65Zn(n,i,,a)62Ni reaction has been further investigated. Partial results allow the identification of the ground-state
transition to the first excited state in 62Ni, both with reaction cross-sections of approximately 1 b (preliminary value).

6.2.1.2. Fission

6.2.1.2.1. Joint S.C.K./C.E.N.-C.B.N.M.-R.U.G. programme on fission physics and standards

The 233U and 24lPu(n,f) reaction cross-section
(C. Wagemans*, A. Deruytter**)

• N.F.W.O./F.N.R.S. R.U.Gcnt and S.C.K./C.E.N.

" C.B.N.M. Gccl

The 241 Pu(n,f) measurements have been finalized and the results of this research were presented at the International Conference on
Nuclear Data for Science and Technology (Antwerp, September 1982).

In the same neutron energy region (O.O1 cV - 30 kcV), similar measurements have been performed to determine the 233U(n,f)
reaction cross-section. These results arc being analysed.
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Fission cross-section measurements in the low-energy region
(C. Wagemans*, E. Allacrt**, A. Deruytter**)

• N.F.W.O./F.N.R.S. R.U.Gcnt and S.C.K./CE.N.

*• C.B.N.M. Gecl

At recent conferences (Int. Conf. on Nuclear Data for Science and Technology, Antwerp, September 1982 and the 50th
Anniversary of the Discovery of the Neutron, Cambridge, September 1982), reactor constructors showed a strong interest in
accurate 235U fission cross-section data at very low neutron energies (down to 1 mcV). In an effort to fulfill these requests, an
experimental set-up has been assembled and is being tested.

Fission fragment mass and energy distributions
(E. Allacrt*, C. Wagemans**, G. Wegener-Penning***, A. Deruyttcr*)

• C.B.N.M. Gecl

*• N.F.W.O./F.N.R.S. R.U.Gent and S.C.K./C.E.N.

*'• Trainee

The comparative study of the mass and energy characteristics of the fission fragments produced in the thermal neutron induced
fission of 241Pu and in the spontaneous fission of 242Pu and 244Pu has been finalized. The results have been published and were
presented at the Int. Conf. on Nuclear Data for Science and Technology (Antwerp, September 1982).

A similar comparison of the thermal neutron induced fission of 239Pu and the spontaneous fission of 24()Pu has been started at the
BR1 reactor. The data for this fissioning system arc indeed very controversial, since the seven measurements reported up to now
yield quite discrepant results for both the energy and mass characteristics. Taking profit of the improved experimental conditions
(on-line data reduction, high quality targets), we started a rc-investigation of this problem. Preliminary results indicate that the
fissioning system 24t)Pu behaves in a very similar way as 242Pu, i.e. a higher average total kinetic energy for 24oPu(s.f.) than for
239Pu(n,h,O. a much higher peak yield, more pronounced fine structures and a narrower mass-distribution for the spontaneous
fission than for the neutron induced fission. These measurements arc being continued.

Complementary to the experiments reported above, the fission fragment mass and energy distributions in the 235U(n.f), 239Pu(n,f)
and 24lPu(n,f) resonances are being studied. The analysis of these data is underway.

6.2.1.2.2. Joint S.C.K./C.E.N. - R.U.Gent - ILL programme on fission physics

Thermal neutron induced fission of actinides
(C. VVagemans*, P. D'Hondt**. A. Emsallcm***, R. Brissot4*)

• N.F.W.O./F.N.R.S., R.U.Gcnt and S.C.K./C.E.N.

•• R.U.Gent

*•* Univcrsilc de Lyon
4< I.L.L., Grenoble

The measurements reported here were performed at a very intense and pure thermal neutron beam of the Institut Laue Langcvin
(Grenoble).

Measurements were performed to determine the 238U(nt|,,f) reaction cross-section. For this purpose,a23SU target containing only
0.12 ppm of 235U was used. The combined 235U(nth,f) background due to this impurity and to uranium present in the aluminium
target backing amounted to about 130 ub. Nevertheless, these measurements allowed to determine an upper limit of 50 ub for the
238U(nti,,f) cross-section. Further measurements are planned upon receipt of a new 238U sample with a 235U content of only 0.01
ppm, deposited on a uranium-free silicon backing. In this way, the background will be reduced by a factor of 15.

Furthermore, preparations were made in view of the study of the thermal neutron induced ternary fission characteristics of241 Am.

6.2.1.3. Nuclear spectroscopy

The major part of the programme is performed in the framework of the S.C.K./C.E.N. - K.U.L. and S.C.K./C.E.N. - ULB - IRE
associations.
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The reactions 152Gd(n,c-)l53Gd(n,C-)154Gd
(A. Spits*, P. Van Asscho)

• Visiting Scientist, The Netherlands

At the High Flux Reactor of the Institut Laue Langevin in Grenoble, conversion electrons following single and double thermal-
neutron capture in 152Gd were measured with the BILL spectrometer. In the energy range 20 kcV - 1600 keV, more than 1000
electron lines were analysed. By comparing their energies found with the already known list of 1200 capture y-lincs, they were
labelled with the electron shell from which they originated. In such a way the conversion coefficients were calculated for over 300
transitions.
From these data, more information resulted :
i) multipolaritics of transitions,
ii) E2/M1 (and in some cases EO/E2 and M2/E1) mixing coefficients,
iii) spin and/or parity restrictions for levels,
iv) elimination of certain ambiguous level placements,
v) identification of the emitting isotope by observing intensity variations. This information may prove very useful in comparing
nuclear models (e.g. 1BA) to the experimental levels schemes.

Neutron capture gamma-rays with Ge(Li) detectors
(J.C. Dehaes*, P. Fethvcis)

• U.L.Bruxcllcs

The study of the 187Os(n,Y)188Os reaction has been completed using direct and coincidence 7-spectroscopy. A neutron binding
energy of 7989.3 + 0.3 kcV is obtained, and a level scheme has been established. The experimental level energies and B(E2) ratios
are compared to calculations performed in the framework of the IBA-2 model (K. Heydc, R.U.Gent) using the same set of
parameters as Bijkcr et al. (Nucl. Phys. A344,207,1980). An excellent agreement is obtained. A final report is being prepared for
publication.

Collective and shell-model excitations in I5RI152
(J. Vanhorenbeeck*, P. Duhamel**, P. del Murniol, P. Fettweis, K. Ileyde3*)

• F.N.R.S./N.F.W.O. - U.L.Bruxcllcs

" U.LBruxcllcs

•»* R.U.Gent

97Rh has been studied by deexcitation of the compound nucleus formed through the reactions 96Ru(3IIe,pn) at 20 McV and
96Ru(2H,n) at 9 McV. Direct "/-spectra, multidimensional y-y coincidences and angular distribution nieasurments lead to a
proposed level scheme.

These levels arc compared to calculations based on the Interacting Boson Fermion Approximation model in which the lgg/2 proton
orbital is coupled to levels in 4* R h 5 2 • Evidence for the observation of shell-model states outside the (sd)-boson configuration space
in 97Rh is obtained.

A final report has been accepted for publication in Nuclear Physics.

6.2.2. THEORETICAL PHYSICS

This programme is performed in the framework of the S.C.K./C.E.N. associations with RUCA and LUC.

Short-range correlations and the charge form factor of 6Li
(M. Bouten* and M.C. Bouten)

• L.U.C.Diepcnbeck

We have reconsidered the charge form factor of 6Li using wave functions for the nuclear ground state which only depend on the
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internal coordinates and which contain a short-range correlation factor of the Jastrow type. The main difference from previous
calculations of the factor lies in the fact that no approximations arc introduced. All terms in the correlation factor have been kept in
the calculation and the ccntre-of-mass motion has been eliminated in an exact way. This has been doncj>y integrating over the
ccntrc-of-mass coordinate using a weight function g (R). The two extreme choices g (R) = 1 and g(R) = 5 (R) have been considered.
The calculated form factors have been compared with the result of our previous calculation where the Tassie-Barker correction
factor was applied and with the result of a calculation where the Gartcnhaus-Schwartz prescription was used.
The wave functions contain three free parameters: the oscillator length parameters for the s and p nuclcons and u, a measure for the
amount of short-range correlation. These three parameters have been adjusted in order to obtain a best fit to the experimental
charge form factor. The optimum values of the parameters differ appreciably for the different treatments of the ccntre-of-mass
motion. Our calculation shows that no preference for any of the functions g (R) can be obtained from a fit to the experimental charge
form factor. Difficult dynamical calculations seem to be needed to answer the question how the centrc-of-mass motion must be
handled.

The magnetic moment of 12B
(M. Boutcn* and M.C. Bouten)

* L.U.C.Dicpcnbeck

The new central interaction proposed in a recent paper for variational calculations in the second half of the p-shell has now been
used in an intermediate coupling calculation for I2B. This nucleus has a magnetic moment u = 1.003 n.m. which could not be
reproduced in previous calculations with a central force of the Volkov type. Our new calculation has been carried out in the full
PHF basis, taking all partitions of the shell model into account. This large calculation reproduces the experimental energy spectrum
in a satisfactory way for a spin-orbit strength £, = 5 McV which is a reasonable value in this region of the p-shcll. The calculated
magnetic moment has a quite different dependence on the spin-orbit strength than in the calculation with Volkov's force. For!; = 5
McV, we obtain u = 0.97 n.m. in good agreement with the experimental value. It is gratifying that the calculated value of the
quadrupolc moment Qca|c =1.81 c.fm2 also agrees well with the experimental value Qcxp =1.71 c.fm2. A corresponding calculation
for I2N results in a similar agreement.

Sp(2,R)-model for the giant resonances
(F. Arickx*, J. Brocckhove*, E. Deumens*, P. Van Lcuvon*)

* R.U.C.Antwerpen

The Sp(2,R)-modcl as a microscopic collective theory has been implemented in the shell model. As intermediate between the
hydrodynamical model and the random phase approximation, the Sp(2,R)-modcl tries to bridge the gap between phcnomenologi-
cal and detailed microscopic calculations. This model was applied on the closed shell nuclei from 4Hc up to 208Pb with different
interactions. The agreement with experiment is good and the importance of two-boson correlations was shown. The Sp(2,R)-modcl
gives results comparable in quality to the random phase approximation, though the technical application is much simpler.

Generator Coordinate Method and the analysis of resonances
(F. Arickx*, E. Deumens*, P. Van Lernen*)

* R.U.C.Amwcrpen

It has been shown that it is possible to formulate the relation between structure (bound states) and scattering problems in the
general coordinate method. The calculations needed to make this link arc simple and yield new insight in structure and scattering
calculations. This analysis was applied on the scattering of two polarizablc ci-particles. In this way, the connection is made between
the deformed 8Be nucleus (structure) and the resonances in the elastic u-u scattering.

The theory of Pcierls-Yoccoz for triaxia! systems
(E. Deumcns*, L. Latliomvers*, P. Van Leuven*)

* R.U.C.Antwerpcn

Peierls-Yoccoz and Verhaar have described the rotation of axial systems and derived expressions for the moment of inertia. Up to
now this study was not carried out for triaxial systems. Thanks to a new paramctrization of the rotation group we succeeded in
deducing a Pcicrls-Yoccoz formula for the tensor of inertia.
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Time dependence of rotational wave-packets
(M. Bouten*, M. Rosina**, P. Van Leuven***)

• L.U.C.Dicpenbcck

•* Jozcf Stefan Institute and University of Ljubljana

•*• R.U.C.Anlwcrpcn

In a schematic two-dimensional model we made a comparison between the exact time evolution of a wavepacket and its evolution
in the time dependent Hartrec-Fock method. Whirlpools in the flow pattern were found. It is not yet clear whether they can be seen
experimentally.

6.2.3. NEUTRON INELASTIC SCATTERING BY CONDENSED MATTER

This programme is performed in the framework of the S.C.K../C.E.N. associations with RUCA and KUL

Rare-earth dicarbides
(W. Wegener, S. Hauteclcr)

Timc-of-flight measurements on a polycristalline YbC2 sample have been carried out at room temperature and at liquid nitrogen
temperature. No inelastic lines could be found in the neutron scattering spectra. This supports the assumption of mixed-valency
effects. A more detailed study of these effects (e.g. quasi-clastic scattering) requires better experimental conditions and will be
performed later on the Belgian Spectrometer at the Orphcc Reactor in Saclay.

Copper hydride
(\V. Wegener, S. Hautecler)

The inelastic part of neutron scattering spectra obtained with CuH at room temperature has been analysed. Two peaks at 17 rcsp.
30 MeV energy gain were interpreted a~ d-'e to optical phonons. An analysis in terms of a simple lattice dynamic model showed,
that angular forces cannot be neglected in the description of the Cu-H interaction. This had to be expected from the intermediate
position of CuH between covalcnt and metallic hydrides. Phonon dispersion curves have been calculated using force parameters
derived from the neutron spectra; they were consistent with the interpretation of the inelastic peaks as due to low optical phonon
branches. It is planned to perform similar measurements at higher temperatures to study the behaviour of the binding forces in the
neighbourhood of the decomposition point of CuH.

The Belgian timc-of-flight spectrometer at the ORPHEE reactor in Saclay
(L. Bevaart*, S. Hauteclcr, E. Legrand, G. Rooms*, L. Vanstcelandt)

• 1IKW/IISN, Brussels

The assembling of the spectrometer was completed up to about 80 %. More details arc given in par. 6.2.4.2.

6.2.4. INSTRUMENTATION AND PROGRAMMING

6.2.4.1. Experimental nuclear physics programme

6.2.4.1.1. Neutron spectrometry

Electronics
(P. D'Hooghe, E. Mies)

A new graphics H P 2623A and an additional 512K-bytc memory were added to the 2117F computer for the neutron time-of-flight
experiments at GELINA (CBNM).
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Programming
(E. Cornelis*, L. Mcwissen)

* R.U.C.Antwcrpcn

For the data acquisition of timc-of-flight measurements we dispose of a 16 bit 211 F/proccssor equipped with 384K-word core
memory and 10 Mword on a 7906 Disc. Under control of a RTE1VB operating sytcm, a 2631A lincprintcr and a 2645A terminal
permit access to the processor.

A data base for neutron spectra has been implemented for this system. In order to facilitate user access to the system files, a single
floating point type spectra has been selected. Each file contains 128 spectra, so the disc allows for 6 files or 768 spectra of 4K
channels. Besides disc memory occupied by system operation and programme development, this is sufficient for the current needs.

This data base gives access to a series of user routines, developed to make plots of the spectra on a 9872C plotter.

All assembler codes previously developed for data acquisition via a CAM AC branch (e.g. for total cross-section measurements and
angular distribution of scattered neutrons) have been incorporated, using the RTE 1VB system resources. The resulting absolute
code can be loaded from a mini cartridge. Following this scheme we have implemented an Assembler code to construct spectra of
three dimensional measurements (timc-of-flight and pulse-height for different detectors). A boot-up of the RTE permits to start the
data reduction with access to all user-oriented resources.

6.2.4.1.2. Fission
(E. Alliiert, E. Mies)

The memory extension of the P1000E with a 128K. byte and a dynamic mapping system was completed. The system includes now a
2648A graphics terminal with a dual mini-cartridge as system console, a 747OA graphics plotter and a 263IG graphic printer. We
have also installed initial binary loader (IBL) ROM and a 12966A serial interface.

A second installation with a HP 1000A700 sytem and a 256K byte memory was tested. It operates wit 92077A RTE Al real-time
software.

6.2.4.1.3. Nuclear spectroscopy
(L. Vanstcelandt, P. Fettweis)

A new project has been studied, following a proposal fro-Ji Dr. Schumacher (Univ. Göttingen) to install at the BR2 reactor a strong
quasi-monoencrgetic gamma source for the study of nuclear \ ;sonant scattering of photons. This project would be a joint
programme of the University of Göttingen and S.C.K./C.E.N.

The in-pile equipment, to be located in the T-8 tangential beam-tube, would include a 59Ni (Tl/2 = 7.5 x 104y) target close to the
reactor core, yielding a 11,388 kcV gamma beam due to the 59Ni(n,y)60Ni reaction. This target would be prepared by irradiating a
natural Ni sample in a high-neutron flux in the BR2 core. 59Ni is obtained by neutron capture in 58Ni (68.3 % initial abundance). The
procedure for safety approval of this project ("first-phase" Report), the natural-Ni irradiations in the BR2-core and the design of
the in-pile components were started and are proceeding further.

6.2.4.1.4. Technical support to the HP programmes
(E. Mies)

For the common assembler programmes a HP 1000A600 system was installed and the diagnostics on flexible disc was updated. For
programme development, a 92077 A real-time executive operating system was tested. This system is a disc based system with a 1.2
Mbyte floppy disc, a 4.8 Mb Winchester disc and a HP 2645 terminal used as virtual control panel.

6.2.4.2. Neutron inelastic scattering programme

A large effort was devoted to the new limc-of-flight neutron spectrometer being built at the ORPHEE Reactor in Saclay, in
association with I1KW/IISN.

6.2.4.2.1. Mechanical components
(L. Vansteelandt)

The main parts of the spectrometer such as the sample table, the flight path with its shielded room, and the chopper mounting have
been assembled in the guide-tubes hall of ORPHEE. The greater part of the control equipment for the choppers and the sample
table has been assembled and installed. Part of the concrete radiation shielding for the choppers is available and will be mounted
soon.
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6.2.4.2.2. Electronics

(P. D'Hooghc, E. Mies, G. Rooms*)

• 11KW/USN Brüssel

For data handling, a 16 bit buffer and a timc-of-flight generator were built and tested.

A graphics terminal model 2648A and a graphic printer 2631G were added to the minicomputer HP 1000M for data registration.

6.2.5. DATING WITH NATURAL RADIOISOTOPES

6.2.5.1. Underground water
(P. del Marmol, G. Koch, F. Verhoeven)

In the scope of the study on the velocity and movement of the underground aquifers surrounding the Boom clay, nine samples from
Mol and Arendonk have been analysed for their I4C activity. They yielded apparent ages varying from recent (water close to
surface) to about 30,000 years (Mol, Rupelicn inf.). A second sample from the same layer (Rupclicn inf.) taken at Arendonk showed
an apparent age of 16,000 years which reflects the difference in arrival time for the scapagc water to these locations.

The amount of isotopic exchange in the underground chemical reactions, necessary to correct the apparent age given by the I4C
measurements, was measured through the 13C/12C isotopic ratios by the "Laboratoirc d'hydrologic et de geochimic isotopique" at
Orsay.

As these first measurements yielded positive results, a systematic study of underground water layers in the Mol area has been
decided in collaboration with the Gcotcchnology group.

For this purpose a gas-driven underwater pump has been purchased for water collection through 2 inch well tubes.

Alkalinity, pH and redox measurements are n- !e on the field on pumped water while samples arc being collected for chemical
analysis and 14C dating.

At the end of the year, six wells have been sampled. Their analysis is in progress.

6.2.5.2. Geological samples
(M. Gewclt*, C. Hurtgen, G. Koch, F. Verhoeven)

* Aspirant FNRS/NRVO, Univcrsitc de Liege

The study of the stable isotopic ratios in calcium carbonate deposits (spclcothems) from caves could yield palcoclimatic data. In
order to place these data in a time context, absolute datings must be carried out.

For the study of the last 30,000 years B.P. we use radiocarbon dating by liquid scintillation spectromctry.

About 30 datings of stalagmites and stalagmitic flowstoncs have been done in 1982. The sampling in the cave is made by cutting a
whole stalagmite or by boring speleothcms with a core-drill. It is also possible to calculate the growth speed of spcleothcms by doing
datings in different growth-levels. Growth rates range from 0.14 cm to 4 cm per century.

In order to determine the age correction due to the dead-carbon from the bedrock dissolution, dissolved matter in drip water
(HCOy, U, etc) will be collected on mixed bed resins.

The uranium scries disequilibrium method of dating will be applied for samples ranging from 20,000 to 300,000 years B.P. This
method is done by chemical separation of uranium and thorium followed by alpha spectromctry. The 1 80/ l 6O, I3C/!2C and 2H/' H
measurements give, in some case, palcotemperaturc informations. Due to its lack of rapidity and precision, the mass spectrometer
of the University of Liege is no more useful, but these measurements could be carried out on the triple collector mass spectrometer
at KUL.
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Fig. 6.3. CTF3 and CHF} dissociation probabilities vaTand co,,, respectively, per laser pulse ofl.S J energy, vs laser wave number. The
scatter of the experimental points with respect to the smooth line drawn through these is representative of the experimental errors.
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6.2.6. LASER ISOTOPE SEPARATION

Separation oftritiatcd water
(M. Neve dc Mevergnics, P. del Marmol, F. Verhoevcii, G. Koch)

The aim is to search for a laser method for the separation of tritium present as HTO in aqueous effluents, such as those coming from
the reprocessing of nuclear fuel elements.

The straight photodissociation of the HTO molecule by means of a CO2 laser is not possible because it has no absorption bands
within the wavelength range of this laser. Thus it has been suggested to proceed in two steps :

1. isotopic exchange between tritiated water and fluoroform :

HTO + CHF3 i=; CTF3 + H2O

2. photodissociation ofCTF3 in the vicinity of its v-, absorption band located at about 1077 cm'1 :

CTF3 + hu( ~ 1077 cm"1) - 1/2C2F4 + TF

We have measured the CTF3 and CHF3 photodissociation yields my and con, respectively, in the frequency range 1090 -1035 cm'1.
The gas pressures were 15 Torr fluoroform and 100 Torr Ar as buffer gas.

The results arc given in Fig. 6.3. It is seen that coT has its maximum value at about 1060 cm'1, i.e., close to the centre of the P branch
of v-, (CTF3), as expected. As for the rise of(i>r beyond 1075 cm"1, it is obviously correlated with the very steep rise oftOjj appearing
at these frequencies and due to the tails of the v, (1116 cm'1) band of 13CF3H and possibly ofthev2( 1141 cm'1) band of 12CF3H.
Due to the extremely low concentration of CTF3, any excitation of CHF3 is quickly shared by CTF3 by collision.

It was also found that the C2F4 product is enriched in 13C.

A systematic study of the effect of various experimental parameters (laser pulse energy, partial gas pressures, addition of O, etc..)
has been started.

Preliminary results on the effect of the partial fluoroform pressure on the dissociation yield o>r, under constant buffer gas pressure
(100 Torr Ar), show that the optimum CHF3 pressure is about 30 Torr, instead of 15 Torr as adopted in our previous
measurements.

Halomethanes
(M. Neve de Mevcrgnies)

The effect of argon as a buffer gas on the photodissociation yield and isotopic selectivity of CF3Br has been measured, under
preferential excitation of 13CF3Br at 1052.2, 1046.9,1041.3 and 1035.5 cm'1. The CF3Br pressure was kept at 1 Torr, and the Ar
pressure was varied between O and 40 Torr. The initial slope of the CF3Br dissociation yield curve vs. Ar pressure is about the same
at these 4 laser frequencies, thus it would probably be possible to deduce from these results a value of the Ar-CF3Br rotational
relaxation constant.
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6.3. RADIOBIOLOGY

The radiobiology programme is composed of the following major projects :

- somatic effects of ionizing radiation;
- genetic effects of ionizing radiation and chemical mutagens;
- metabolism and biological effects of radionuclidcs in mammals;
- effects of radioactive and non-radioactive pollutants on ecosystems and associated toxicologic studies;
- behaviour and expression of exogenous DNA in living organisms;
- studies on the toxicity of chemical products.

As part of these major projects, special attention has been paid to: the pathogencsis of radioinduccd leukemia and ostcosarcoma;
the pathogencsis of non-ncoplastic late effects in irradiated lung and brain; the relative biological effectiveness of 50 MeV neutrons
and gamma rays for leukemia and cancer induction in mice; factors determining the relative radiosensitivity of chromosomes in
dilTcrcnt mammalian species; the toxicity of radium-226 incorporated in the bones of mice; the behaviour of tritium in an agriculture
environment; the biological availability of amcricium-241 by a freshwater invertebrate; the transfer oftcchnctium in the animal
food chain; the radiobiological surveillance around nuclear power station sites; the toxicity of cadmium, selenium, lead and zinc;
the toxicity of sonic chemical mutagens; the study of integration, replication and biological expression of foreign DNA
administered to different organisms.

Since last year, the Radiobiology Department has put at the disposal of industry its scientific and technical knowledge and its
equipment in order to realize acute and chronic toxicological studies on the possible genetic and somatic effects of chemical and
pharmaceutical products. These studies on the toxicity of chemical products must in principle provide an answer to a real need of
the Belgian chemical industry. Indeed, legislation is in preparation for the countries of the European Community, which will oblige
the chemical industry to carry out toxicological tests on every new product.

In order to carry out this programme, the Radiobiology Department receives financial support, mainly from the Ministry of
Economic Affairs. In addition, the Department receives some financial help from the Ministry of Public Health and from certain
national and international organizations, such as the National Foundation for Scientific Medical Research (FRSM), EURATOM,
the Fonds National dc la Recherche Scientifiquc (FNRS), the CEC, the European Late Effects Project Group (EULEP), NATO
and the Deutsch Schutzkommission of the German Federal Republic. The programme is being carried out in close collaboration
with Belgian and foreign laboratories.

6.3.1. SHORT-TERM EFFECTS OF IONIZING RADIATION
Research on Acctabulnria and other unicellular marine algae
(S. Bonotto, A. Liittke*, G. Arapis*, D. Hoursiangou-Ncubrun**,
S. Puiseux-Dao**, E. Dujardin***, C. Sironval***, R. Kirchmann)

• CEC Bursar

•• Laboratoire dc Biologic Ccllulairc Vegctalc, Universitc dc Paris VII

*** Departement de Botantquc, Univcrsitc de Liege

The unicellular marine alga Acctabularia (Dasycladaccae) shows a distinct polarity, growth and differentiation occurring
according to an apicobasal gradient. The morphogenetic gradient of the cell coincides with other gradients at the subccllular and
molecular levels, which may be easily studied by cutting 2-3 cm long vegetative cells into several fragments and by analysing them
with various microscopical and biochemical techniques.

It has been found that the uptake of labelled precursors for DNA (3H-TTP), RNA (3H-uridinc) and proteins (3H-lcucinc or a 14C-
amino acid mixture) into whole vegetative cells occurs according to an apicobasal gradient.
Moreover, autoradiographic experiments have revealed that 3H-thymidinc incorporation is higher in apical (Fig. 6.4.) than in
middle or basal chloroplasts. Staining of chloroplasts with the DNA-specific fluorochromc DAPI has shown that the number of
chloroplasts without nucleus increases from the apex towards the base of the cell. The percentage of chloroplasts without nucleus
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Fig. 6.4. Auloradiographic picture of the apical region of a vegetative Acelahularia cell showing radioactive areas on chloroplasts anil on
other orgnnites. after I h in vivo labelling with irithiteil thvmidine.

m
"i 'jmm&^ ^S^s

(50 % ) is not influenced by X-irradiation. All together, the results support the existence of an apicobasal gradient of chloroplast
DNA synthesis and distribution in Acctabularia.

Other unicellular marine algae (Batophora, Bocrgcsenia, Dunaliella) are used for biological and radiobiological investigations.

6.3.2. LONG-TERM EFFECTS OF IONIZING RADIATION

6.3.2.1. Non stochastic effect of ionizing radiation

6.3.2.1.1. Effects of whole body irradiation of the developing organism on the hematopoctic system and on life span and disease
incidence
(G.U. Gerhor*, J. Deroo)

* EURATOM

EURATOM Contract: BIO-D-378-8I-B

Whereas in newborn mice, a fractionated irradiation is more efficient than the same dose, this docs not seem to be the case in rats.
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We have denonstrated that this sensibilisation is due to the replacement of radioresistant newborn hemopoietic stem cells by more
radiosensitive adult stem cells. Radiation is not the only agent which can affect this transformation. Various cytostatic drugs
(adriamycinc, blcomycinc, actinomycine-D) which destroy hemopoietic stem cells to different degrees, also bring about an
increased sensitivity towards radiation in direct relation to their destructive capacity. It appears therefore that newborn stem cells
have only limited capacity for repopulation and, when lost, arc replaced by adult stem cells. It is still unknown whether stem cells of
newborn mice represent a type or clone of cells different from those of adult mice or arc only in a different physiological state.
Studies on cells obtained from adults whose marrow which had been restored with stem cells from newborn mice, may give an
answer to this question and arc now under way.

Rats and hamsters do not display a sensibilisation when an irradiation is fractionated as do mice. Indeed, the stem cells of adult rats
have the same Do as those of 6 day old rats if irradiated in vitro and then transplanted in irradiated host C57BL mice. The seeding
efficiency of rat stem cells in mouse spleen is smaller than that of mouse stem cells and this is particularly marked for stem cells from
fetal rat liver. It will be necessary therefore to establish the Do for fetal stem cells also by other means, in order to exclude the
possibility that a difference in seeding efficiency had masked the difference in radiosensitivity.

6.3.2.1.2. Ultrastructural changes in the irradiated central nervous system
(H. Rcyners, E. Gianfelici de Reyners, J.R. Maisin, L. Regniers)

EURATOM Contract: B1O-D-378-81-B

Two experimental models have been under study :
1. Embryo rats were whole body irradiated in utero at 15 day post conception with a dose of 0.5 Gy X-rays. The cerebral cortex of
the animals were collected at 3 and 15 months after birth and prepared for ultrastructural observations. Cellular, densities
displayed significant enhancements particularly in the older group.
Alternatively, cell volumes as well as the thickness of the cerebral cortex were found severely reduced. In such conditions, it was
inferred that the total number of brain cells had been largely preserved in spite of the severe atrophy endured by the organ and its
cells.
2. Adult rats were locally irradiated with 20 Gy X-rays on the brain when 3 months old and observed 1 and 2 years later. In general,
damages were found to increase with the elapsed time (most significant change was a glial pattern descquilibrium with distinct
tendencies in the grey and the white matter), although certain early X-ray induced lesions relatively decreased (e.g.: occurrence of
necrotic zones in white matter).

The aim of both these studies is to define the tissues at risk, the degenerative and repair mechanisms involved and the threshold
dose levels in adult versus embryo X-ray irradiation.

6.3.2.1.3. Morphological, biochemical and physiological late effects of irradiation in the adult and developing rat brain
(G.B. Gerber*, II. Reyncrs, J. Deroo, L. Rcgniers)

* EURATOM

EURATOM Contract: BIO-D-378-81-B

Morphological studies

Different morphomctrical measurements were performed on the main cell populations of the rat brain using samples from the grey
and white matter of young (3 months old) and old adult (15 months old) animals.

All cellular densities were found increased, particularly in the older group where the changes in alpha astrocytes, neurons and
blood capillaries reached significant levels. These increases were found to be closely associated with cellular volume involutions in
each of the cell populations where these measurements were available and also correlated with a much thinner cortical thickness
(-16.7 %, P = 0.0003 in the 15 months old individuals).

Consequences of the preceding changes have been observed at the level of the associations between the various cells which were
found altered; the percentage of close contacts (satcllitism) between neurons and alpha astrocytes significantly increased as well as
the dyadism - amount of twin cells - of this group in old adult rats. Alternatively, using cortex thickness and cellular volume as
correction factors for the computation of the absolute total cell number in the cerebral cortex, reveals that such amount is not
significantly modified with respect to controls; in other words, the brain has been quite noticeably "miniaturized" after fetal 0.5 Gy
irradiation, but remains with the same cellular content.

With respect to the present data, it can be concluded that the maturation (but not the growth) of the central nervous sysfem endures
a drastic reversal in ageing rats treated with a dose as low as 0.5 Gy X-rays on the 15th gestational day.
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Biochemical studies

These studies aim at elucidating the changes in function of the central nervous system after irradiation in utero. The development of
biogcnic amines during postnatal life was studied in rats, whose mothers had been irradiated with 0.5 or I Gy of X-rays at day 10 or
15 of pregnancy. The concentration of serotonin, noradrcnalinc and dopaminc increases markedly during the initial 2 weeks of life
and slightly more until the end of the first month. Rats which had been irradiated in utero at day 15 display an increased
concentration of serotonin, dopaminc and noradrenaline at an age of 3 months compared to controls. Brain weight and, somewhat
less, body weight arc, however, reduced in these animals. Better techniques for determining biogcnic amines in defined areas of the
brain and for measuring the corresponding receptors arc needed to explain and extend these observations.

Experiments arc now under way to measure the entire spectrum of biogcnic amines and their metabolites by high performance
liquid chromatography using electrochemical detection.

No changes in different parameters of endothelial cells were observed after irradiation in utero with 0.5 or 1 Gy at day 10 or 15. The
parameters studied in capillary fragments at an age of 1-4 months arc uptake ofmethyldcoxygluco.se, glutaminatc transpeptidasc
and alkaline phosphatasc. Less capillary fragments (as determined from DNA content) were, however, isolated after irradiation,
an observation which can be explained by the lower brain weight of the animals. These results suggest that vascular changes arc not
of primary importance following irradiation in utero as seems to be the case in adults. This assumption is supported by the results
on regional blood flow measured by means of trapping injected 15 urn large radioactive microsphcrc which did not show any
alterations in relative blood flow in different brain areas unless the entire structure of the brain had undergone gross alterations, as
for example in animals exposed to high doses at an intra-utcrinc age of 15 days. These experiments arc not yet entirely terminated
and unfortunately, the determinations using iodoantipyrinc and pcrtcchnetate for the determination of blood flow in vivo, could not
be carried out since the supplier could not provide the iodoaniipyrinc normally coming from Poland.

6.3.2.1.4. Mechanisms of radiation induced fibrosis in lung
(J.R. Maisin, G.B. Gerber*, .1. Deroo)

• EURATOM

EURATOM Contract : BIO-D-378-8I-B

The isolation of different collagen fractions and protcoglycancs in rats exposed to a dose of 1.5 kR of X-rays was continued. The
increase in the collagcn/DNA ratio found earlier was confirmed, but since the experiment was continued over a longer period than
20 months, it appeared that from one year collagen levels tend to decrease. No significant change in collagen composition (collagen
III vs I) could be observed, but the error of the data is still large. There appears to be a temporary (maximum at one year) relative
increase in chondroitin sulphate at the expense of heparin sulphate and hyaluronic acid.

Ultrastructural studies with transmission and scanning electron microscopy (SEM) were carried out in BALB/c male mice
exposed to graded doses from 5-50 Gy of X-rays and sacrificed at different time intervals ranging from 15 minutes to 24 months.
SEM complements well the observations from TEM since it reveals the changes on the surface of the cells and within the alveoli.
The results confirm that the endothclium of the large vessels and the epithelium of the airways is less susceptible to radiation
damage than the epithelium of the lung parenchyma. During the period of radiopneumonitis (2-7 months after irradiation) and after
the highest X-ray doses, the principal lesions are seen on epithelial cells, mainly those of type II, whereas capillary damage appears
to play a secondary role at this time. Increased phospholipid secretion by type II cells in conjunction with an impaired synthesis of
the protein component of the surfactant resulting in altered surface tension, as well as damage to alveolar macrophages, arc the
principal mechanisms in radiation pneumonitis. Later, when fibrosis ensues after doses of 10 Gy or more, vascular alterations
predominate over those from the epithelium.

6.3.2.2. Stochastic effects of ionizing radiation

6.3.2.2.1. Radiation and virus-induced leukcmogcncsis in mice
(M. Janowski, R. Hooghe, J. Merregaert, L. Michiels*, F. Vandcr Phietse)

* Trainee

EURATOM Contract: BIO-D-379-81-B
FRSM Contract: 3.4540.80

The experiments performed in 1982 aimed at elucidating the radiation-induced and the virus-induced modifications which occur at
the cellular DNA level and arc responsible for the induction of thymic lymphosas in C57BL mice. They also included
immunochemical investigations designed to discover a possible relationship between malignant transformation and stage of
cellular differentiation.
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We thus performed restriction enzyme analysis of individual thymic lympliosas that we induced with radiation leukemia virus and
which were grown as established cell lines. All the cell lines contained the same novel proviral sequences, inserted at the same site
of their DNA. However, this phenomenon was not observed in the original tumors. These observations suggest that RadLV is
capable of inducing, both in vivo and in vitro, proliferation of lymphocyte populations where provirus integration occurred at a
given site of the cellular DNA. The fact that cultured cells derived from radiation-induced tumors did not display novel provirus at
any DNA site, showed that RadLV is probably not involved in that type of lcukcmogcncsis.

Our immunochemical experiments consisted in investigating the clcctrophoretic patterns of various lymphocytic membrane
antigens and proteins of individual radiation- or RadLV-induccd tumors. All lymphocytic antigens tested and several proteins were
present on all tumors.

In addition, rctrovirus-cncodcd proteins were identified on thymocytcs and on tumor cells. Considerable variation in
electrophoretic migration of several proteins was observed. The thymic lymphosarcomas in C57BL mice form a heterogeneous
group. Thus, T cells can be transformed at different stages of maturation. It is also possible that transformation allows or even
triggers differentiation.

6.3.2.2.2. Spontaneous and radiation-induced osteosarcomas in mice
(J. Merrcgaert, L. Michicls*, M. Janowski, J.R. Maisin)

* Trainee

EURATOM Contract : BIO-D-492-B (RS)

In order to develop specific probes to detect the expression of cellular oncogencs in spontaneous and radiation-induced
ostcosarcomas, we studied the structural organisation of two bone tumor viruses: FBJ and FBR-murinc virus complex. The two
components of each osteosarcoma inducing virus complex have been isolated separately in tissue-cultures FBJ-, FBR-MuLV by
endpoint dilution and FBJ-MuSV, FBR-MuSV by the establishment of nonproduccr cell lines. The nonproduccr cell lines of FBJ-
MuSV in NRK and hamster cells as well as FBR-MuSV nonproductively transformed NIM/3T3 and REF cells, do contain
complete copies of FBJ and FBR-MuSV. The molecular cloning of a 13.5 kbp Hind III fragment containing the FBR-provirus and a
5.2 kbp Hind III fragment containing the FBR-provirus is in progress.

In addition, the FBJ-MuLV helper virus was molccularly cloned as a 8.2 kbp Pst I fragment in PBR 322 plasmid DNA. The
restriction map indicates that this virus is related to Akv, an ecotropic retrovirus endogenous to the AKR mouse. These findings
were confirmed by competition radioimmunoassays developed for FBJ-MuLV structural proteins.

Further, we demonstrated that FBJ-MuLV is endogenous to the CFj mouse and most likely involved in the generation of the
naturally occurring transforming virus (FBJ-MuSV).

6.3.2.2.3. Control mechanisms of gene expression in normal and ncoplastic tissues
(L. Baugnet-Mahieu, W. Bacycns, M. Lemnire*)

* Hflpital de Bavicrc, Univcrsilc de Liege

FRSM Contract : 3.4540.80

Nuclear phosphoprotcins

The phosphorylation of specific cellular targets represents a primary event in the establishment of the transformed phenotypes.
Studies on the molecular mechanisms of the ncoplastic transformation by acute retroviruses indicated that the transforming gene
products are phosphoproteins, most of them possessing an intrinsic protein kinasc activity with tyrosinc substrate specificity.

The differential phosphorylation of nuclear proteins originating from normal rat lymphoid tissues and from rat lymphomas derived
from a murine radiation leukemia virus (RadLv-Rs) was studied.

After incubation of purified nuclei in the presence of ATP-y-32P, several non-histonc proteins of leukemic origin showed a
significant increase in specific phosphorylation; in most cases, the radioactivity was found to take place on scrinc and thrconinc
residues, indicating the activation of the transcription of cellular gcnc(s), instead of viral gene products.

The nuclear matrix being involved in an ever-increasing number of nuclear activities (RNA transport and processing, DNA
synthesis, carcinogen binding, viral replication,...), our interest was focusscd on a group of nuclear matrix polypcptidcs ( *- 53,000
daltons), the phosphorylation of which was highly stimulated in leukemic tissues.
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The ~p53" was found to be pliosphorylatcd on the tyrosinc as well as on the serine and thrconinc residues, suggesting a
phosphokinasc activity partially associated with the expression of a putative transforming gene.

The nuclear matrix p53 of leukemic rat tissues displays some similarities with the transformation-associated nuclear
phosphoprotein p53, observed by several authors in a wide range of mouse malignant cells (transformed by DNA-or RN A-viruscs,
chemicals or X-rays) and in transformed cells of human origin, but absent, or present in very low amounts in normal cells.
Further characterization of p53 by two dimensional elcctrophorcsis and tryptic peptidc mapping, is in progress.

DNA-binding proteins

Nuclear proteins which bind preferentially to the homologous DNA, have been shown to modulate the transcription of specific
genes. On the other hand, nuclear antigens encoded by different viruses (SV40 - T antigen; Epstein Barr Virus Nuclear Antigen)
have been found to have a DNA-binding capacity.
A sensitive technique has been developed for the study of the relative affinity of the nuclear proteins isolated from normal and
leukemic tissues for the homologous DNA. Proteins, submitted to SDS-polyacrylamide gel clectrophorcsis, are transferred by
clcctrophorctic blotting to a nitrocellulose membrane. The replicas arc incubated with 32P-homologous DNA in competition with
an excess of unlabcllcd calf thymus or salmon sperm DNA.
By this technique, a small number of nuclear proteins, binding preferentially to the homologous DNA, were found in normal as well
as in leukemic tissues. However, the synthesis of a DNA-binding protein of 150,000 daltons was highly stimulated in the nuclear
matrix of leukemic tissues.

A normal 150,000 dalton cell component has been identified in thymus and other lymphoid organs; this protein shares common
antigenic determinants with pl20, which is a protein encoded by the Abclson MuLV genome. The 150,000 dalton normal cell
protein occurs at concentrations much lower than its counterpart in virally transformed cells. The possible homology between the
150,000 dalton nuclear matrix protein and the pl50 of cells transformed by acute retroviruscs has to be tested scrologically.

DNA-binding proteins also exist in mammalian blood scrum; several human serum DNA-binding proteins, present at elevated
levels in sera of individuals with malignant diseases, have been considered as potential biological markers of malignant
transformation.

The early lymphosarcoma of spleen and lymphnodes, induced in four weeks by the BL/F (EL) virus, was chosen as experimental
model for the search of scrum DNA-binding proteins as a function of the time after inoculation. Scrum DNA-binding proteins were
obtained by affinity chromatography on calf thymus DNA-Sepharose columns. The 400 mM NaCI cluate, analysed by
polyacrylamidc gel clcctrophorcsis, contained 12-15 main polypcptidcs; their relative densitomctric pattern varied as a function of
time after inoculation. One 58,000 dalton polypeptidc was never observed in the normal rat serum and appeared early after
infection. This particular protein of the lcukcmic scrum was still present among the four peptides remaining after a competitive
hybridization with •52P-homologous DNA and unlabcllcd hctcrologous DNA.
The hypothesis of a viral origin for this peptide appearing in a disease characterized by an early and abundant vircmia cannot be
excluded and should be tested serologically.

Nuclear thyroid hormone receptors

In spite of the numerous reports suggesting an association between thyroid disfunction and human cancer, the röle of thyroid
hormones in the etiology and progress of the disease remains to be elucidated. Since most, if not all, of the cellular responses elicited
by thyroid hormones are mediated by a nuclear receptor, we attempted to correlate the triiodothyronine (T3) receptor
concentration in individual breast cancer samples, with several other clinical and biochemical parameters.

Receptors were present in all biopsies (n = 30) of primary breast cancer examined. Mctastatic tissues originating from breast
tumors also contained significant amounts of T3 receptors. Very low binding capacity was found in nuclei of non tumor tissues
(n = 6), obtained from breast sites distal to the tumor. No correlation was found between the T3 receptor content and several other
parameters : age, tumor stage, histopathological grade, invasion of lymph nodes, scrum levels of triiodothyroninc, thyroxinc,
thyroid stimulating hormone. No clear correlation was observed between high concentrations of T3 receptors, on one hand, and
androgen, estrogen and progesterone cytoplasmic receptors, on the other. However, the lowest values obtained forT3 receptors
correspond with low estrogen receptor concentrations.

This preliminary study will be extcntcd to benign breast diseases and to several other malignant diseases. Similar experiments,
using experimental tumor models, are also in progress.
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6.3.2.2.4. Life shortening and disease incidence in BALB/c and C57BL mice after single and fractionated d(50)-Be neutron or
gamma irradiation
(J.R. Maisin, A. Wambersie*, G.B. Gerber**, J. Gueulette*, G. Mattclin, M. Lambict-Collicr)

* Unite de Radiotherapie, U.CLouvain

*• EURATOM

Male mice of the BALB/c and C57BL strain and 12 weeks old were exposed to single or fractionated irradiation with gamma rays or
d(50)-Bc neutrons. For fractionated irradiation, the gamma dose was split into 10 equal fractions delivered at one day interval,
while the neutron dose was split into 8 equal fractions given at 3 h interval. The mice were observed until spontaneous death and the
causes and possible causes of death were ascertained by autopsy and histological examination. In BALB/c mice, life shortening
followed a linear dose dependency and was about the same for fractionated (39.1 ± 3.1 days/Gy), for single (46.2 ± 4.2 days/Gy)
gamma ray exposure and for single neutron exposure. A non-linear dependency of life-span shortening in the C57BL strain was
observed for gamma and neutron exposure. Low doses were ineffective or increased life-span. Higher single doses of gamma rays or
neutrons reduced the life-span mainly as a result of an increased rate of thymic lymphoma. Total body neutron irradiation was
about 1.7 times more effective than gamma radiation at a dose of about 2 Gy. In BALB/c mice death from tumor disease was
enhanced and that from non-stochastic lung and kidney diseases was reduced after fractionated compared to single gamma
exposure. The incidence of different disease '-> BALB/c mice was similar for both single gamma rays and neutron exposure, except
that more carcinomas and sarcomas and my^ioid leukemias seemed to occur after neutron exposure and that non-stochastic lung
and kidney diseases seemed to occur a' mver doses. In C57BL mice, a fractionated dose of 1.65 Gy neutrons induced significantly
more malignant and benign tumors than the dose delivered in a single application.

6.3.2.2.5. Biology of megakaryocytes in relation to leukemia induced by the RLV viral extract
(L. de Saint-Georges, L. Baugnet-Mahieu)

The infectivity of viral particles produced by megakaryocytes was examined. Injection of lcukcmic BALB/c mice infected
megakaryocytes, after their isolation from bone marrow by gradient ccntrifugation, shows a high degree of budding figures on bone
marrow megakaryocytes of the recipient mice.
Those recipient mice develop later a leukemia which could be arisen from some contaminant cells still remaining in the
megakaryocytes fraction: this aspect and the possible megakaryotropic character of RLV virus from megakaryocytes is now being
examined.

6.3.3. GENETIC EFFECTS OF RADIATION IN MAMMALS

6.3.3.1. Kinetics and radiosensitivity of mammalian lymphocytes
(A. Leonard, B. Debuyst*, Gli. Deknudt, \V. do Mcuricliy**, L. Fabry, M. Moda\e*. C. Raymakers*, M. Roscnthal)

* Univcrsitc Calholiquc dc I.ouvain, Louvain-la-Ncuvc

** Koninklijkc Maatschappij voor Dierkundc van Antwerpen

EURATOM Contract BIO-E-378-B

The harlequin-staining technique has been used to study the cell kinetics and the radiosensitivity of PI I A-stimulatcd lymphocytes
from cow, goat, and five species of Ccrcopithecus. At 48 h, the fixation time normally used for human lymphocytes, a large
heterogeneity appears between the species, with respect to the incidence of cells in first, second or third mitoses. If analysis of
lymphocytes is restricted to M1 dividing cells, the yield of aberrations does not appear to be related to the chromosome number.

6.3.3.2. Radiosensitivity und life span of dog peripheral hlood lymphocytes
(A. Leonard, T.K. Fritz*)

* Division of Biological Mcdicil Research, Argonnc National Laboratory, Argonne (U.S.A.)

EURATOM Contract: BIO-E-378-B

The aim of this study was to estimate the usefulness of experimental mammals for long-term studies on the cytogenctic effects of
chronic exposure to ionizing radiation. Experiments were made on beagle dogs which are widely utilized to study biological effects
of protracted whole-body irradiation. The results were compared with data from previous experiments on man and other
mammals. Observations at different intervals of time after an acute dose of ionizing radiations suggest that most experimental
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mammals have a very short lifespan of lymphocytes carrying chromosome aberrations, compared to the three years reported for
human lymphocytes. Exposure to fractionated or protracted doses of ionizing radiations in such mammals results in an initial
increase of chromosome aberrations followed by a decrease, even though the irradiation continues. Since one would expect a
plateau under these conditions, one may postulate that two populations of lymphocytes exist displaying differential
radiosensitivity. A selective elimination, during hematopoicsis, of radiosensitive lymphocytes results, in the peripheral blood, in a
decrease of cells carrying chromosome aberrations. In conclusion, owing to the very short survival time of lymphocytes carrying
chromosome aberrations, experimental mammals cannot be used as a model to study the cytogcnctic effects resulting from chronic
exposure to ionizing radiation or the persistence of anomalies after irradiation.

6.3.3.3. Cell kinetics and radiosensitivity of human lymphocytes stimulated hy different mitogens
(Gh. Dcknudt)

EURATOM Contract: BIO-E-378-B

These experiments were performed to compare the kinetics and radiosensitivity of lymphocytes stimulated by phytohcmagglutinin
(PHA), concanavalin A (ConA), Wistaria floribunda (WFA) or Lens culinaris (Lcll-A) extracts. These mitogens can be divided
into two groups on the basis of their reactive sites: PHA and ConA arc 2 tctramcric molecules whereas WFA as well as LcH-A have
dimeric structures. PHA, ConA and WFA display a similar mitogenic activity whereas LcH-A is much less active. The harlequin-
staining technique was used to distinguish first from subsequent divisions. All dividing cells arc in first mitosis at 42 h culture time
regardless of the mitogen used and whether the cultures arc irradiated or not. I lowcvcr, with increasing culture times, differences in
cell kinetics were observed between the cultures of the same donor, stimulated on the same occasion by different mitogens (PHA >
ConA WFA > LcH-A). Provided that cells arc analysed in their first cell division, no differences in radiosensitivity arc recorded in
the treated cultures from the same donor stimulated by the different mitogens. T lw , our results do not indicate the existence of
lymphocyte subpopulations displaying differences in radiosensitivity.

6.3.3.4. In vitro studies on the mouse egg radiosensitivity from fertilization up to the first cleavage
(P. Jacquet, G. Kervyn*, G. De Clcrq*)

* U.C.Louvain

Research Contract CCE-BIO-E-451-81-B

Supcrovulated eggs from the Balb/c strain were incubated at different times after I ICG injection in Whittcn's medium containing
tritiatcd thymidinc. They were fixed on the following day at the 2-ccll stage and prepared for autoradiography. On the basis of the
results, pregnant mice were irradiated with different doses of X-rays at 15 hours post 1 ICG, (fertilization), 19 hours (pronuclcar
stage before DNA synthesis), 24 hours (maximum DNA synthesis) and 27.5 hours (DNA synthesis completed). On the day
following irradiation, embryos were collected and classified into unclcavcd or 2-ccll embryos, and development of the 2-ccll
embryos was followed in culture. Irradiation was most effective when administered at 19 hours after HCG injection. Such a
treatment increased the mortality prior to the first cleavage and thereafter, from the 8-ccll (100 rads)ormorulastagc(25,50rads).
Blastocyst hatching and implantation were also impaired. Irradiation at other times was much less harmful for the embryos, which
died mainly from the blastocyst stage. Finally, radiosensitivity of the mouse zygotc at the different stages studied, decreases from
the pronuclear stage before DNA synthesis, the fertilization stage, the stage after DNA synthesis terminated and is lowest at the
stage of maximum DNA synthesis.

6.3.4. TOXICITY OF RADIONUCLIDES

6.3.4.1. Distribution of organically bound tritium in different fractions of organs after a continous administration of inorganic or
organic tritium
(M. Rochalska*, R. Van Bruwaene, G.B. Gerber**, R. Kirchmann)

• EULE!' bursar

** EURATOM

EURATOM Contract: 236-77-11-BIO-B

Activity of organic tritium after application of tritium oxide is higher and turnover is slower in developing brain than in other
organs. This had been demonstrated in an experiment where pregnant sows were given tritium oxide to drink, and the ncw-borns
were either kept for additional exposure during lactation (43 days) or swapped with new-boms from uncontaminated mothers.
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Analysis of the cerebclla of the piglets showed highest activities at birth in fatty acids and cholesterol, whereas cercbroside activity
increased during lactation. High levels of activity, particularly in fatty acids and cholesterol, are still present at an age of 115 days. A
large part of lipids and structural material in proteins, etc., laid down in brain during developments is thus retained for long periods
of time. Brain represents therefore, together with the ovary, a critical organ for tritium exposure during development.

Adult non-pregnant mice were given for three weeks milk powder whose organic constituents were labelled with tritium. Different
tissue fractions, proteins, nucleic acids, residue, fatty acids, cholesterol, phospholipids, gangliosidcs and glycolipids, were isolated
from organs, and their total and specific activity were determined. Highest specific activities were found in gangliosidcs and
glycolipids and the lowest in proteins and fatty acids. It is concluded that tritium labelled lipids, particularly the more complex ones,
undergo relatively little dilution »vhen they arc incorporated into body lipids, whereas protein constituents, fatty acids and small
molecular size metabolites arc diluted to a greater extent. Uptake of tritium organically bound to lipids, particularly during
development, may thus represent a critical pathway in the risk from organically bound tritium in food.

6.3.4.2. Trilium metabolism in young mice after exposure of their mother to THO or organically bound tritium, during pregnancy and
lactation
(R. Van Brmvaene, R. Kirchmann, G.B. Gerber*)

• EURATOM

EURATOM Contract: 236-77-11-BlO-B

The transfer of inorganic and organically bound tritium, administered continously to mice during pregnancy and lactation, as well
as on the turn-over of inorganic and organic tritium in different organs were studied in 1982.

Food mixed from equal amounts of organically labelled tritiatcd milk powder and normal food pellets was given to mice during
pregnancy and lactation. At birth, some new-born were swapped with those from non-exposed mothers to compare separately
accumulation and metabolism during pregnancy and lactation. Youngmicc were sacrificed at different times after birth, and tritium
activity in different organs was determined. Tritium activity was also determined in maternal organs at various times during and
after the 42 days feeding period. The activity per g in some tissues of the young, particularly in fat, exceeded that of the food given,
probably as a result of the high activity and low metabolic dilution of the fats in the food. Young mice contaminated during lactation
and pregnancy, still contained dctcctible activity at an age of 2 months. Activity was nearly the same in mice receiving tritium only
during lactation as in those who received it also during pregnancy. Dilution was more marked due to rupid growth when tritium
application was discontinued at birth. Tritium water was replaced most rapidly, organic tritium in brain turned over most slowly
with an additional metabolic component of a half-life in the order of 1 month. Organic tritium in liver displayed an intermediate
half-life.

Analysis of the data concerning the continous administration of THO to mice during pregnancy and lactation is in progress.

6.3.4.3. Dccorporation of heavy alkaline-earth metals and transurunics
(O. Vanderborght, G. Schoeters)

EURATOM Contract: BIO-D-381-B

Decorporation experiments in mice with 226Ra and241 Am showed that a decrease in radionuclidc content in the skeleton did not
result necessarily in a reduction of radiation damage. In these experiments, weekly Zn-DTPA injections were used to eliminate
MIAm from the body, daily oral alginatc administration was used to reduce the -2(iRa burden. The decorporativc treatments started
a few days after i.p. injection of the radionuclidcs. The lack of accordance between radionuclide removal, resulting in a reduced
radionuclidc content in bone, and changes in radiotoxicity in bone marrow has been further investigated in 1982.

Different marrow cavities in mice were compared with respect to the observed radiation damage to blood-forming stem cells
between 4 hours and 300 days after i.p. injection with 226Ra and 241Am. Changes in total number of stem cells and in the
concentration of stem cells per 105 bone marrow cells were investigated separately for multipotcntial stem cells, via the CFU-s
technique, and for granulocyte-macrophage stem cells via the CFU-c assay. Differences in radiation response were examined in
relation to :
a. the injected radioactivities;
b. morphometric characteristics of the surrounding bone such as the amount of inner and outer bone surfaces and the volume of
bone and bone marrow;
c. the radionuclide content of the surrounding bone;
d. the calculated radiation dose to bone marrow.

The results show that the study of haemopoietic stem cells in various bone marrow sites can be used as a biological indicator ofa-
radiation damage to radiosensitive cells within bone marrow. Compared to other parameters, such as the number of bone marrow
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cells or the number of peripheral blood cells, the blood-forming stem cells in bone marrow arc more radiosensitive to radiation
damage of the a-emitting boncscckers 226Ra and 24lAm.

The importance of anatomical and physiological factors on radiotoxicity of u-cmitting bonc-scckcrs is demonstrated. Radiation
damage to blood-forming stem cells is examined in marrow of lumbar vertebrae, of sternum, of the distal end of the femur and in the
femoral diaphysis. Marrow cavities with a large surrounding bone surface versus their bone marrow volume, show the highest
radiation damage of CFU-s anci CFU-c. Spatial differences in the fraction ofmitotic CFU-s seem important for the rate at which
radiation damage occurs after radionuclide injection.

Hacmopoietic stem cells studies yield also information about a-radiotoxicity to bone marrow on various moments after
contamination and about the reaction of radiosensitive cells on a continuous u-bombardement. After injection of the lower
radioactivities (230 kBq 226Ra/kg mouse and 185 kBq 24lAm/kg mouse), the induced changes arc often increases in stem cell
concentrations above the control level in non-radiocontaminatcd animals. After the higher radioactivities, initial decreases in stem
cell concentrations arc often followed by a rc-cstablishmcnt to the control level.

The lack of an obvious relationship between the calculated radiation doses in bone marrow and the observed damage at
hacmopoictic stem cells indicates that calculated radiation doses need to be further tested on their adequacy to predict
radiotoxicity in a given bone marrow site. For example, blood-forming stem cells in large marrow cavities show, after 226Ra
injection, more radiation damage than expected from the calculated radiation doses. After MIAm contamination, marrow of the
lumbar vertebrae is damaged to a larger extent than marrow of the distal end of the femur, but the calculated radiation doses are
very similar in both locations.

The study demonstrates that dosimctric studies arc not able to explain completely the observed radiation damage and to predict
radiotoxicity from u-cmitting bonc-scekcrs. Further studies are thus needed to elucidate the relationship between the physical
aspects of radiation and its biological effects.

6.3.5. RADIOACTIVE CONTAMINATION OF THE ENVIRONMENT

6.3.5.1.Behaviour of 3H, in different chemical forms, in the aquatic environment
(S. Bonotto, G. Arnpis*, G. Gerber**, R. Kirchmann)

* CEC bursar

** EURATOM

EURATOM Contract: BIO-B-431-B

Uptake of tritium oxide and its conversion into organic tritium was studied in four different types of algae with widely varying size
and growth characteristics (Acctabularia acctabulum, Bocrgcsenia forbesii, two strains of Chlamydomonas and Dunaliclla
bioculata). Water in the cell and the vacuolcs equilibrates rapidly with external tritium water. Tritium is actively incorporated into
organically bound form as the organisms grow. During the stationary phase, incorporation of tritium is slow. There exists a
discrimination against the incorporation of tritium into organically bound form. A model has been elaborated taking in account
these different factors. It appears that transfer of organic tritium by algae growing near the sites of release, would be significant only
for actively growing algae. Algae growing slowly may, however, be useful as cumulative indicators of discontinuous tritium release.

6.3.5.2. Behaviour of tritium in the soil-plant system
(R. Kirchmann)

EURATOM Contract: BIO-B-431-81-B

Production of tritiated feed

Ray grass was grown under a plastic greenhouse (6m x 4,5m) located in the experimental fields of the S.C.K./C.E.N. farm at Mol.

Potatoes were contaminated in the same conditions as ray grass, but only covered during contamination.
a) Ray grass: two cuttings were produced with 35.5 kg and 11.5 kg fresh matter, respectively.
The content of the hay was about 0.7 nCi and 0.9 nCi/g dry matter.
b) Potatoes: The production of potatoes (tubers) at the final harvesting was 37.20 kg of fresh matter, with a content of incorporated
tritium of about 3.8 uCi/g dry matter.

For both plants species, the incorporated tritium was brought by tritiatcd spray water (20 mCi/1). The potatoes shall be used in
experiments on the transfer of tritium from feed to animal.
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Transfer of 14C from feed to animal

Plants of maize have been exposed, under plastic greenhouses, to l4CC>Tgasfor7hours as described in the 1981 Annual Report.
The final harvest was made 16 days after contamination, with a production of 120 kg fresh matter. Analyses and experiments arc in
progress.

Transfer of 14C from Lupinus (as organic fertilizer) to plants

Lupinus has been contaminated in the same conditions as maize. The production of about 8.17 kg/m2 was ploughed into the soil, 58
days after contamination.

6.3.5.3. Behaviour of leclmeliuni in the marine environment
(S. Bonotto, R. Kirchmann, D. van der Ben*, J. Colard, C. llurtgcn, G. Koch)

• Institut Royal des Sciences Naturelles de Gclgique

EURATOM Contract: B10-485-B(G)

The uptake and distribution of tcchnctium (95Tcm and 99Tc) has been studied under laboratory conditions, in unicellular
(Acctabularia, Bocrgcscnia) and pluriccllular (Ascophyllum) marine algae. Moreover, marine organisms have been collected at the
Belgian coast, for gamma spcctromctric and radiochemical analyses.

6.3.5.4. Technetium transfer in the animal foodchain
(R. Van Bruwacne, R. Kirchmann, G.15. Gerber*, J.R. Maisin)

* EURATOM

EURATOM Contract: BIO-B-467-B (RS)

Metabolism

Technctium metabolism was studied in sheep after an intravenous injection of 95Tcm as pcrtcchnctatc. Faecal and urinary
excretion was followed for more than 100 days and the distribution in the organs was determined on days 1,3,7,30 and 100. After
an i.v. injection, we observed a total faecal and urinary excretion of respectively 67.2 % and 17.24 %.

These excretion data demonstrate that technetium in the body is mainly excreted via the Gl tract. Faecal excretion displays 3
components with half lives (To x 0.693) of 0.49,6.0 and 55 days. Urinary excretion is caractcrizcd by 4 compartments with half lives
of 0.14,0.87,4.5 and 38 days. The highest concentrations were observed in the thyroid; concentrations of technctium in lung tissue
were also high.

Toxicity

The chemical toxicity of technctium (lJ9Tc) was studied in female rats (R-Cnb) of 3 months age. Tcchnctium pcrtcchnctatc was
added to commercial rat food at concentrations of 0,0.5,1,5,10 and 15 \ig lJ9Tc/g food and rats were sacrificed after 7 or 17 weeks of
treatment; body weight, organ weight and blood formula were noted and did not show any major alteration. Determination of Tc
concentrations, radio-immunoassays of thyroidal hormons, histological examinations and autoradiographics are in progress.

6.3.5.5. Biological availability of transuranics in freshwater ecosystems
(O. Vanderborght, J. Vangenechten, J. Bierkens, S. Van Puymbroeck)

EURATOM Contract: B1O-B-329-81

Under the current and future practice of radioactive alpha-waste storage in deep-sea sediments and in underground geologically
stable formations, americium radioisotopes can become a major hazard source from the nuclear fuel cycle as their relative
importance grows during the ageing of the nuclear waste.

The present project aims to study the biological availability of 24lAm in freshwater ecosystems for different animal species,
whereby special attention is being focussed on the röle of organic compounds in the water on bioaccumulation. Next to this,
experiments are being performed on the uptake of 24IAm by marine benthic organisms from contaminated deep-sea sediments.
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1. Influence of organic compounds in the water on bioaccumulation of •''"Am by freshwater biota.

During the past year, biological uptake of -"" Am has been studied in detail in the crustacean crayfish Astacus lcptodactylus, in the
watcrbug Corixa punctata and in following mollusc species : Lymnaea pcrcgra, Planorbis corncus, Anisus planorbis.

The influence of organic matter on bioaccumulation in the crayfish was investigated and revealed higher concentration factors
(C.F.) in surface water with high levels of organic matter (C.F. = 40-150 in lake water with high content of organic matter from
biotic origin and C.F. = 20-70 in a stream water polluted with organic material from a papcrmill), in contrast with C.F. values of 0.5-
20 in organically poor stream water. The biological half-life of-""Am in A. lcptodactylus, measured during a retention experiment,
was calculated to be about 55 days.

In another experiment, bioaccumulation of241 Am in watcrbugs C. punctata was compared in frcshwatcrs which contained organic
compounds (with molecular weight above 10,000) and the same waters which did not contain these organic compounds. It was
clear that the organic compounds had an important impact on the physico-chemical behaviour of the transuranic in the water and
thus possibly on the uptake by the animals. Other techniques to measure the extend of binding of24! Am with organic compounds
were tested and will become operational during the next year.

2. Bioaccumulation of241 Am by marine benthic organisms from sediments.

The uptake of241 Am from artificially contaminated deep-sea sediments by marine benthic organisms (the bivalve mollusc: Tapes
decussatus, the polychaete Hcrmionc hystrix and the isopod: Cirolana borcalis) has been studied during a 3 month working visit at
the IAEA laboratories in Monaco.

Accumulation of the radionuclidc by the animals, measured over a period of 40 to 50 days, yielded transfer factors lower than 1.
Uptake was up to 2 to 5 times higher for animals from Pacific sediment (taken at a seabed disposal feasibility investigation site in
the Pacific Ocean) than from Atlantic sediment (from near the North East Atlantic dumpsidc). Nevertheless, the affinity of the
transuranic (measured as the Kd factor) was comparable in both sediments and was of the order of 1 x 105.

Conclusions

Organic compounds present in water, may influence bioavailability of the transuranic 24lAm for freshwater animals. Clearly more
information is needed on the association of the transuranic with organic compounds in the different watertypes, if one wants to
elucidate their role on bioavailability.

The bioaccumulation of 241Am from the sediments seems not to be directly related to the measured affinity of the clement to these
sediments (Kd-value).

These results emphasize the need to investigate thoroughly the impact of organic compounds in the water for bioavailability and
further to study more closely the transfer of the 241Am from sediments (also fresh-water sediments) to biota.

6.3.S.6. Research and environmental suncillance programme related to the .suitability of the North-East Atlantic site for the disposal
of low-letcl radioactiie waste
(S. Bonotto, G. Arapis*, M. Durand**, A. Ortins de Bettencourt***, S. Wartol4*, R. Kirchmann)

* CEC Bursar

** Laboraloirc de Biologic Ccllulairc Vegctale, Univcrsitc dc Paris VII

*** Laboratorio Nacional de Engcnharia c Tcchnologia Industrial, Sacavcm, Portugal
4* Institut Royal dos Sciences Naturelles de liclgiquc

A study cruise to the dumping site has been organized jointly by The Netherlands, Switzerland and Belgium, from August 19 to
September 14, 1982. Samples of phytoplankton and of deep sediments have been collected for laboratory investigations and
analysis of the most important radionuclides.

Moreover, in collaboration with Portugal, a surveillance programme is being carried out, mostly on the fish Aphanopus carbo
(black scabbard), which is an inhabitant of deep waters. The programme includes analyses of 3H, main fission and activation
products and actinides.
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6.3.5.7. Radiological surveillance around nuclear power station sites
(R. Kirchmann, G. Cantillon*)

• I.H.E-Bruxellcs

Contract with the Ministry of Public Health

The radiological surveillance programme has been routinely continued in 1982, involving more precisely an extensive survey of the
coastal waters, in co-operation with the Rijksstation voor Zcevisscrij (Oostcndc).

From the data collected in 1981, it can be pointed out that the whole body doses received by individuals of the critical group, due to
radioactive liquid effluents released by Tihangc and Docl 1 - 2 plants during 1981, arc estimated to be 115 and 102 urcm,
respectively. For the critical organs, the doses range from 0.1 to 2.4 mrcm.

6.3.5.8. Study of the impact of liquid waters released from a PWR nuclear power station on a freshwater ecosystem
(R. Kirchmann, H. Declercq-Versele*)

• I.H.E.-Bruxcllcs

EURATOM Contract : BIO-B-B-330-81-B

The main results obtained during 1982 arc presented below, according to the various contributions, received from the participating
laboratories (ULg., UCL, FND Paix, IHE) to this study.

1. Physico-chcmistry of the river water

24 campaigns of sampling were performed upstream and downstream of the Tihangc-1 plant; 10 parameters were analysed. The
comparative behaviour of 60Co and 5l1Mn on one hand and of various heavy metals (Cd, Cs, Zn, Pb) on the other, regarding the
suspended matter, is under investigation.

2. Primary producers

24 campaigns of sampling of phytoplancton and zooplancton were performed at the same locations as under 1. The biomass was
assessed (measurement of chlorophylla) and the photosynthctic activity of phytoplancton was measured (O, production) as well as
the respiration. These data will be used to make an oxygen balance during ten sampling campaigns performed from July to
December and to compare the situation up-and downstream of nuclear power plants. The annual inventory of bryophytic
populations in the sector Bcn-Ahin to Argcnteau has been completed in September.

3. Primary and secondary consumers

Studies on the impact of thermal releases on macroinvcrtcbratcs and fishes were continued in 1982. The colonisation of artificial
substratum by the macrofauncs (about one month of exposure) has been followed during seven different periods of time.
Furthermore, the growth and fecondity of Asellus aquaticus L. were studied. The study of the fecondity of Rutilus rutilus L. and
Alburnus alburnus L. caught upstream and downstream of the nuclear power plant (14 fisheries campaigns) is in progress. The
growth of both species and of Lcuciscus cephalus L. is also investigated. Measurements ofy-cmittcrs in various organs of the fishes
caught were performed.

4. Laboratory experiments

a. Kinetic studies of absorption and desorption have shown that the algae (Sccncdesmus obliquus) present two compartments
having different affinities for the radionuclidcs under study : Cs and Tc.
It was necessary to improve the equipment ("turbidostat") used for the continuous culture of algae; three different culture mediums
arc compared.
b. Research on the mechanisms of organification of 3H in the primary cooling water of a PWR was continued in 1982. Effect of
irradiation (gamma rays from 60Co) on resins used for the purification of the primary circuit containing tritiatcd water was
investigated : algae grown on this medium do not indicate the presence of 3H organic compounds biologically available. Two
samples of primary coolant having circulated through resins, irradiated and non-irradiated, were concentrated and irradiated in
the reactor at a neutron flux of BR2 1.5 x 1013 n.cm'2.s"' for 33 hours. The quartz vials exploded due to excessive radiolysis. Other
samples were exposed in BR1 at a flux level of 2.9 x 10" n.cnr.s'1 to an integrated neutron dose of8xl016; some vials were broken
and the intact vials were used as medium culture for algae (Scenedesmus obliquus). The work is still in progress.

Investigations on microorganisms present in the resins have been initiated.
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6.3.6. NON-RADIOACTIVE CONTAMINATION OF THE ENVIRONMENT

6.3.6.1. Effects of heavy metals on the rat brain
(H. Reyners, E. Gianfclici de Reyners, J.R. Maisin, L. Regniers, G. Winncke*)

* Hygiene Institute, Düsseldorf University

This study is a new development of previous assays concerning the effects of lead (Pb administered to mother rats from 50 days
prior to mating at doses below 750 ppm in food) on the brain. The experimental model has been adapted in order to reveal possible
additional influences on Pb toxicity, namely the action of another common atmospheric pollutant: CO (150 ppm carbon monoxide
from gestation until weaning) and the röle of the sex of the animals. Prior to brain collection, the animals were also fully tested at the
Düsseldorf Hygiene Institute for behavioural disabilities. The latter tests revealed hypcractivity and loss of discriminative
capacities in Pb rats. Ultrastructural changes appeared rather limited due to the low toxic doses involved but the cell volume of
alpha astrocytcs was found very significantly increased (symptom of cerebral edema) in all rats treated, revealing a major CO effect,
but also a Pb - CO interaction and even a multiple Pb - CO - sex interaction. In spite of this increase, the association of alpha
astrocytes with other cellular elements significantly decreased in treated rats. Alternatively, the capillary density was found largely
enhanced by toxic treatments and such phenomenon was not associated with a reduction in cortex thickness as often noted in our
previous high dose level intoxications.

It appears from the present data that mostly Pb, but also CO, arc able to induce vascular disturbances even at very low dose
intoxication in the central nervous system. The edematic reaction of astrocytcs is in agreement with the development of such
troubles.

6.3.6.2. In vitro study of mutngenicity of heavy metals in mammals
(L. de Saint-Georges, A. Leonard)

The effect of methyl mercuric chloride and mercuric chloride on microtubulcs were examined by the quantitative turbidimctric
assay for evaluation of microtubulcs polymerisation in vitro inhibition.

Tubuline was purified from pig brains. The polymerisation rates were measured at different drug concentration by optical density
changes at 40 nm. Control samples were monitored in an electron microscope. Our observations demonstrate that mercury
compounds display a very strong inhibition of tubulin polymerisation. Compared to CH3CIHg, HgCI-, appears much more
powerful.

6.3.6.3. Plasmids of Alealigenes cutrophus CII34 responsible for resistance to cadmium, cobalt, zinc and nickel ions
(M. Mergeay, P. Charles, I). Niess*, II.G. Schlegel*)

* Universität Göttingen. Federal Republic Germany

The autotrophic strain Alcaligencs cutrophus CH34 is a bacterium found in the water of a decantation basin of a zinc factory. This
bacterium is very resistant to high concentrations of four ions: Cd+ + , Co+ + , Zn + + and Ni+ + (1-5 mM).
A. eutrophus has two large plasmids of respectively 165 kb and 215 kilobascs. Various mutants were isolated which became much
less tolerant to these metals : most of these mutants had suffered cither a loss of one or both plasmids, cither deletion or
rearrangements of the plasmids. From the study of correlations between the plasmid formulas and the phenotypes of the different
mutants, it seems that one plasmid (the larger one) would be responsible for tolerance to nickel, the other being responsible for
tolerance to cadmium and zinc. Tolerance to cobalt is only sharply decreased, if both plasmids arc lost. The plasniid-frec mutant
became in any way very sensitive to the four ions.

'The plinmid responsible for resistance to nickel (and cobalt) is self-transferable, but at very low frequencies 5xlO'8 -10"7. Transfer
of Nie and Cob+ is twenty fold increased if RP4 :: mini-Mu is used.

A. eutrophus CH34 seems thus to be an appropriate material to study the mechanisms of tolerance to heavy metals especially in a
practical perspective.
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6.3.7. STUDY OF THE INTEGRATION, REPLICATION AND BIOLOGICAL EXPRESSION OF FOREIGN DNA
ADMINISTERED TO DIFFERENT ORGANISMS

6.3.7.1. Analysis of the ß lactamase activity found in pBR 325-trcatcd Arabidnpsis plants
(L. Ledoux, P. Charles, R. Hooghe, C. Merckaert*, L. Baugnet)

* Service de Gcnctiquc, Univcrsitc de Liege

The ß-lactamasc activity found in pBR 325-trcatcd plants was further characterized and led to the following conclusions:
1) it sediments at somewhat lower (NH4)2SO4 concentrations than the bacterial enzyme;
2) its activity is found by chromatography on Scphadcx G.75, to correspond to molecules of 60-70,000 daltons;
3) this result is confirmed by immunoclcctrophoresis in SDS using, in "Western blottings", an anti ß lactamase antiscrum and '-5I-
protcin A.

Results similar to (2) were obtained upon chromatography of Fl , F2 or F3 plants deriving from pBR325 treated ones, originally
selected on 10"4 M chlo/amphcnicol. (In some F2 or F3, an additional protein species with a ß lactamase activity was found at a
lower molecular weight (± 25,000)).

The bacterial enzyme having a molecular weight of 25,000, it appears that treated Arabidopsis produce a unique polypcptidc of
about 65,000 daltons, consisting of one single polypcptidc chain. Comparing its enzyme activity and antigenicity to those of the
bacterial enzyme leads to the conclusion that the molecules produced by the plant arc about 70 times less active. One of our present
working hypotheses is that this molecule corresponds to an hybrid coded by the bacterial AmpR gene inserted inside an unknown
plant gene.

6.3.7.2. Construction of new >ectors for transformation of Arabidopsis thalania
(L. Diels, B. Robert*, C. Castiau*, R. Loppes*, L. Lcdoux)

* Service dc Gcnctiquc, Univcrsitc de Liege

We tried to build new vectors for transformation of plants by inserting fragments of plant ribosomal genes in the efficient vector
pBR 325. The aim was to create an homology between the vector and several sites of the plant chromosome and to improve
integration of the vector in the plant genome.

We therefore isolated ribosomal RNA from A. thaliana : 18 S and 25 S molecules were marked with 125I to be used as probes in
hybridization experiments. On the other hand, A. thaliana DNA was digested with BamHI or with M601 and the fragments were
ligatcd to Bam H '-treated pBR 325. After transfection of E. coli (G 600) Tets colonies were examined for ribosomal DNA by colony
hybridization. Six different clones were selected (pMOL 1 to 6, respectively). These plasmids were shown by restriction
endonucleasc analysis to contain fragments of 4.0, 3.6, 2.7, 1.7, 1.65 and 0.7 kilobasc. These plasmids were prepared in great
quantity and incubated with seeds of A. thaliana. Homogcnates of growing plants were assayed for ß-lactamasc activity. Such an
activity was found in all treated plants and was similarly inhibited by a specific ß-lactamasc antiserum. A Chromatographie study on
Sephadcx G75 reveals the presence of 2 proteins (molecular weight 65,000 and 25,000). In the plants treated with the different pBR
325 :: rDNA, differences in the relative content of the two proteins were found.

Control plasmids, with an inactive ß-lactamasc gene were constructed (pMOL 7 and 8) with, respectively, a deletion of 0.6 kilobasc
or an insertion of 1.5 kilobase of A. thaliana DNA in the Amp gene. Plants treated with these plasmids were found free of ß-
lactamasc activity.

To study the importance of the multimcric state of the plasmid or of the presence of its different forms (linear, open circular or
supcrcoil), we constructed different plasmids (l)pMOL 9 :pMOL 1 contained a EcoRI site in its rDNA insertion and the normal
EcoRI site in its chloramphenicolR gene.

The small fragment between these two sites was excised and the large fragment was rccircularised. (2) pMOL 10 was obtained
through a spontaneous deletion. This plasmid (1.5 kl) contains only the Amp gene and the replication origin. The study of plants,
treated with these plasmids, is in progress.

6.3.7.3. Study on the transformation of graminca and cloier with pBR 325
(L. Diels)

We are developing a study of the transformation, with pBR 325, of different graminca : Phlcum pratense, Lolium nuiltiflorum,
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Lolium pcrcnnc and the red clover: Trifolium pratensc. Graminca seeds were peeled before sterilization with Na hypochlorite
whilst clover seeds were sterilised by Hg-,CI2. After sterilization, seeds were incubated in a pBR 325 solution after which the
incubation mixture was analysed by gel clectrophoresis. A degradation of the plasmid was found in the Italian rye-grass only. In all
other cases, the supercoilcd form disappeared during incubation (possibly by uptake of this form), ß-lactamase activity is looked for
in plants growing from the treated seeds. Positive results have already been obtained with the English rye-grass.

6.3.7.4. Genetic (ools available in Alcaligenes eutrophus
(M. Mergeay)

Besides its high tolerance to heavy metals, A. cutrophus CH34 exhibits sonic other features of interest: this bacterium has an
autotrophic (chctnolithotrophic) metabolism i.e. is able to grow with CO2 us a carbon source and H, as an energy source: thus, the
strain possesses as key enzymes two hydrogenases and the ribulose biphosphatc carboxylase, which arc now strongly studied in
genetic engineering programmes. From the genetic point of view, A. cutrophus CH34 has two interesting features.

1. This strain is an excellent acceptor of foreign genes transposed on RP4::mini-Mu. This plasmid is also ("in vivo" cloning) useful
for the genetic mapping in this bacterium including the determinants of autotrophy.

2. A. eutrophus grows optimally at 30°C. If grown at 37°C, the strain exhibits a very high level of spontaneous mutants up to 20 % of
surviving cells. The most frequent classes of mutants recovered arc: (1) mutants deficient in autotrophy Auf. These mutants seem
to be striked in genes responsible for soluble hydrogenase and ribulosc biphosphatc carboxylasc;
(2) mutants less tolerant to heavy metals (especially to cadmium and zinc);
(3) amino acids auxotrophs: especially lysine auxotrophy (lys") were found.
These mutants were useful to begin the mapping of A. cutrophus CH34 genome with special attention given to the genes of
autotrophy.

This induciblc spontaneous mulagcncsis is quite exceptional in gram-negative bacteria : the mechanism is still unknown, but it
seems to induce genomic rearrangements (deletions...) and also events to revert spontaneously.

6.3.7.5. Back transfer : a characteristic of gene mobilization induced by RP4 :: mini-Mu
(M. Mergeay, P. Lejeune*)

• 1WONL/1RSIA fellow

In homologous matings mediated by the plasmid RP4 :: mini-Mu in Pseudomonas fluorescens and in Salmonella typhimurium,
some rccombinants occurred at abnormal frequencies : these rccombinants carried all the donor markers but also the
countcrselected one. It suggested that transfer may also occur from the recipient strain ("female") to the donor strain. This
observation was repeated with various combinations of markers in both S. typhimurium and P. fluorcscens, especially if the
plasmid bearing types were in excess in the mating mixture. In order to support this hypothesis of "back-transfer" which would
disturb considerably any precise estimation of gene linkage, we devised the following experiment: we introduced by transformation
in the recipient strain only, a small plasmid non self-transferable, non mobilizablc by another plasmid. This small plasmid carries
genes responsible for resistance to Streptomycin and would allow to make an easy distinction between rccombinants occurring in
the "recipient" strain and possible rccombinants occurring in the "donor"-strain. In matings made with donors carrying the plasmid
RP4:: mini-Mu and recipients carrying this small mob' plasmid, up to 80 % of the rccombinants exhibited characteristics of "back-
transfer". None of them carried the small indicator plasmid, while all rccombinants seemed to have received genes from the donor
strain carried this indicator plasmid. The use of such indicators allowed to quantify the "parasitic phenomenon" of back-transfer,
and to correctly use the linkage data necessary for the construction of genetic maps thanks to the plasmid RP4 :: mini-Mu.

6.3.7.6. Chromosome transfer und R-primc formation mediated by phismid pULB113 (RP4 :: mini Mu) in Alcaligenes cutrophus
CI134 and Pscudomonas fluorcscens 6.2
(M. Mergeay, P. Lejeune*, F. Van Gijsegcm**, M. Faelen**, A. Toussaint**)

• IWONL/IRSIA fellow

** Service dc Ccnctiquc, U.L.Bruxellcs

Plasmid pULBl 13 (RP4 :: mini Mu) which contains the mini Mu transposon promoted both homologous and hctcrologous gene
transfer from Pscudomonas fluorescens 6.2 and Alcaligenes eutrophus CH34. Homologous gene transfer in P. fluorcscens 6.2 and
A. eutrophus CH34 occurred at a frequency of 10'4 to 10'5. Rccombinants were shown to inherit unsclccted recessive markers
suggesting a process of chromosome mobilization. Some Loci involved in autotrophic growth arc among those transferred in A.
eutrophus. In heterospecific matings with P. fluorescens 6.2 carrying pULBl 13 as a donor, trp+, lys+ and mct+ markers were
transferred to A. cutrophus, trp+ markers were transferred to S. typhimurium and an argF+ marker was transferred to E. coli as a
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recipient. With A. cutrophus CH34 as a donor, ilv+ and his+ markers were transferred to P. fluorescens 6.2. With Erwinia
carotovora subsp. chrysanthemi B374 as a donor, trp+ markers were also transferred to an A. cutrophus recipient. Hctcrospccific
matings resulted in the formation of R-prime plasmids at frequencies from 10'8 to 10"4 per transferred plasmid.

In S. typhimurium as recipient, R-primes were observed with both restriction proficient and restriction-deficient strains, although
restriction affected markedly the frequency of transfer of pULBl 13. R-primcs were quite stable, but lost the transposed marker
more easily in a rcc+ background than in a rccA background, suggesting excision of transposed material by reciprocal
recombination between flanking copies of mini-Mu. R-primcs could be transferred easily into different recipients and were used in
complementation studies.

PstI restriction digests of four R-primes carrying P. fluorcscens 6.2 (DNA) showed a number of additional bands suggesting that
several genes were transposed together with the selected marker on the plasmid.

These observations allow to use RP4 :: mini-Mu :

1. to study the genomes of many gram-negative bacteria of economic interest and where no genetic tools arc available;
2. to make "in vivo" gene cloning as first step for further gene cloning by "in vitro" methods.

6.3.7.7. Analysis by molecular hybridization of the DNA of Arnlmlopsis plants treated with pBR-325 DNA.
(P. Charles, J. Remy, L. Ledoux)

We have previously shown that plasmid DNA sequences can be found in treated plants a long time after treatment. We have
examined the structure of the DNA molecules introduced in the plant cells.

Digestion of pBR-325 DNA with Bam HI and Pst I restriction enzymes gives two fragments of 2.15 and 1.S5 Md., respectively,
typical of the plasmid molecules. In some cases, hybridization bands corresponding to those of the original plasmid are observed
when the DNA's from treated plants are digested with the same two enzymes. It seems that plasmid DNA structure is little or not
modified when it is introduced in plant organism.

Hybridization bands are also observed at different positions suggesting that plasmid sequences could also be associated with DNA
pieces present in the plant.

6.3.8. TOXICOLOGY

6.3.8.1. Cytogenetic study, in \itro, on the pyrolysate mutagens Glu-P-2 and SR25
(L. Fabry, D. Pairon*, G. Saint-Ruf**, F. Poncelet*)

* Laboratory of Toxicology and Food Science, U.C.Louvain

*• Departement de Chitnic Organiquc Biologiquc, Centre Marcel Dclcpinc, CNRS, Orleans, France

Several compounds presenting a potential mutagenic activity have recently been isolated from boiled fish and beef. These
compounds were identified as resulting from pyrolysis of amino acids, especially from glutamic acid and tryptophan. To get a better
understanding of the properties of such compounds, particularly their mutagenic potential, various derivatives of amino-dipyrido-
imidazole were synthesized. In the present study, the capacity of Glu-P-2 [2-amino-dipyridol(l,2-a:3",2"-d)imidazolc] and SR25[3-
amino-4-mcthyldipyridol (l,2-l:3\2'-d)imidazolc] to induce sister-chromatid exchanges (SCE) was studied on cultured human
lymphocytes in absence and in presence of liver post-mitochondrial fractions.

Human whole blood was cultivated with BUdR during 48 h. The cells were then exposed to various concentrations of the test
compounds, either during 2 h in presence of S9 mix or for the last 24 h culture if exposed to the substance alone. Preparations were
made after 72 h and stained according to the FPG technique. Cytogenctic analysis showed that Glu-P-2aswcllasSR25,at 10'5M
and higher concentrations, induced a significant enhancement in the rate of SCE in presence of S9 mix. An increased SCE
frequency was also found for Glu-P-2 when incubated with the cells for 24 h. This study, confirming the results obtained on
microorganisms, suggests that the synthetic compounds Glu-P-2 and SR25 and their metabolized products exert a potential
mutagenic activity in human cells.
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6.3.8.2. Studies, in litro, on the prc-implantation lethality induced by treatment of male mice with nickel nitrate
(P. .lacquct, A. Maycnce*)

* U.C.Louvain

Embryo culture, in vitro, was used to determine the stage of prc-implantation embryonic death observed in the matings occurring in
the 3rd and 4th weeks after treatment of male BALB/c mice with Ni(NO3)3 at 56 mg/kg. Each treated male was allowed to mate
once a week during 1 night with 3 supcr-ovulatcd control females from the same strain, beginning 2 days after injection.Then, each
week, embryos were flushed out of the oviducts about 32 h after ovulation and classified into cleaved or uncleaved eggs. Cleaved
eggs (i.e. embryos at the 2-ccll stage) were cultured for 3 days in Brinstcr's medium. At the end of this first culture, embryos were
classified according to their stage of development. Those having reached the blastocyst stage were transferred into modified Eagle
medium for a period of 4 days, for examination of their ability to hatch and to implant with a well-formed inner cell mass. In the
mating occurring 3 or 4 weeks after the treatment of the males, the proportion of unclcavcd eggs was statistically higher than in the
control groups (3rd week, 40 and 25 %, respectively; 4th week, 44 and 24 %). These eggs were non-fertilized, as evidenced by the
absence of second polar bodies. However, no difference was observed in the development of the 2-ccll embryos up to the blastocyst
stage, as well as in the hatching and implantation ability of the blastocysts from control and treated groups.

These results indicate that the increase of the pre-implantation mortality induced by nickel 3 and 4 weeks after treatment of the
males, is not due to chromosomal aberrations in the germ cells, but rather to a toxic effect on the spcrmatid and spcrmatocytc
populations. This results in hypospcrmy or morphological abnormalities of the sperm during the following weeks, leading to a
decreased fertilization rate.

6.3.8.3. Cytogenetic effects of carbofuran in mammals
(D. de Saint-Georges-Gridelet*, A. Leonard, Pli. Lcbrun*)

• U.C.Louvain

Carbofuran (2.3-dihydro-2,2-dimcthyl-7-bcnzofuranol mcthylcarbamatc; Cj2H ]5NO3) is a cholincstcrasc inhibitor widely used as
the systemic insecticide, acaricidc and ncmaticide. The clastogenic properties of this compound in mammals were evaluated by
using the micronuclcus test on mouse erythroblasts. Male and female mice from the C57B1 strain, aged 6-8 weeks, were given
carbofuran per os at 5,25,75 or 150 mg/kg. Positive controls received, at 100 mg/kg, cyclophosphamidc as reference toxin. A dose
of 150 mg carbofuran per kg corresponds roughly to the LD50. Treatment with carbofuran resulted, 30 h later, in a dosc-rclatcd
yield of polychromatic crythrocytcs carrying micronuclei. In contrast with the results reported in the literature, our findings show,
therefore, that carbofuran represents a mutagenic hazard for human beings.

6.3.8.4. Mutagenicity tests with astemizole in vitro and in vho
(Ph. Vanparys*, L. Fabry, A. Leonard, R. Marsboom*)

• Jansscn Pharmaccutica, Bccrsc

Possible induction of chromosomal aberrations and/or sister chromatid exchanges by astcmizole (Jansscn Pharmaceutica l-(4-
fluorophcnyl)mcthyl-N-l- 2-(4-mcthoxyphcnyl)cthyl-4-pipcridinyl-lH-bcnzimidazol-2-aminc, was studied in vitro on human
lymphocytes.

In vivo chromosomal damage was assessed by a micronuclcus test on rats and a dominant lethal test on both male and female mice.
All these tests yielded negative results for astcmizole so that it can be concluded that astcmizole has no potential to induce
chromosome aberrations.
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6.3.8.5. Mutagenicity studies on bufexamac
(L. Fabry, A. Leonard, J. Roba*)

* Continental Pharma, Brussels

Bufexamac (P-butoxyphcnylaccthylhydroxamic acid), a non-steroid anti-inflammatory and analgesic drug, has been tested for its
ability to induce SCEs in mammalian cells. The solvent (DMSO) was used as negative control and cyclophosphamidc (10'4 M)as
positive one. A statistically significant increase in the yield of SCEs was observed in the cells exposed to cyclophosphamide in
presence of S9 mix, whereas treatment with or without enzymatic activation with bufexamac at concentrations compatible with
mitotic activity ( 5 x 10"4, 10'4, 10"5 M) did not increase the SCEs above the control values.

6.3.8.6 Mutagenicity tests with dompcridone in vitro and in vi\o
(Ph. Vanparys*, L. Fabry, A. Leonard, R. Marsboom*)

* Jansscn Pharmaccutica, Bccrsc

Domperidonc (Jansscn Pharmaccutica) [5-chloro-l[l-[3-(2,3-dihydro-2-oxo-lH- bcnzimidazol-l-yl)propryl]-4-piperidinyl]-l,3-
dihydro-2H-bcnzimidazol-2-onc] is a new gastrokinctic drug which has been shown to be safe and useful for the treatment of
patients suffering from chronic dyspepsia, nausea and vomiting.

Possible induction of chromosomal aberrations by this compound was studied in vivo by a micronuclcus test on mice and a
dominant lethal test on both male and female mice. In vitro chromosomal damage was assessed on short-term cultures of human
lymphocytes. All these tests produced negative findings and it is concluded that dompcridone has no potential to induce such
anomalies.

6.3.8.7. Toxicology
(\V. Baeyens, L. Baugnct, L. Fabry, M. Janowski, P. Jacquet, A. Leonard, J. Vankcrkom, M. Lamhiet-Collier, G. Mattelin, F.
Vander Plaetse, J.R. Maisin)

Contracts with chemical and pharmaceutical industries

Rather acute toxicity tests (duration 14 to 50 days, single dose) have been carried out for chemical companies.
About 30 compounds were tested for LD50 oral;
About 25 compounds were tested for LD50 dermal;
About 40 compounds were tested for skin irritation;
About 30 compounds were tested for eye irritation;
About 15 compounds were tested for sensitization;

Rather chronic toxicity studies (repeated dosis, oral or dermal administration) have been carried out. They include the following
topics:
- oral chronic toxicity study (duration 6 months);
- parametric investigations on
. hcmatological parameters : erythrocytes, hemoglobin, hematocrit, mean cell volume, mean cell hcmoglobinc, mean cell
hemoglobine concentration, platelets, coagulation time, leukocytes, differential leukocyte counts;
. blood gases (O2, CO2), blood pH, bicarbonate, standard bicarbonate, base excess, base buffer;
. biochemical parameters : glucose, proteins and protcinograms, urea uric acid, cholesterol, crcatinin, bilirubin, alkaline
phosphatase, cholinesterase, glutamic-oxaloacetic and glutamic-pyruvic transaminascs;
. urine : volume, density, pH, sediment, fast diagnosis;
. growth curve, organ weight and anatomopathology at sacrifice;
. microscopical anatomo pathology.
- teratogenicity (duration 1 month);
- peri and postanal toxicity (duration 2 months);
- fertility (duration 8 months).
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6.4. EXPLORATORY RESEARCH

INSTANTANEOUS NEUTRON FLUX MEASUREMENT BY SELF-POWERED NEUTRON (SPN) DETECTORS
(Ja. Dckeyscr)

The investigation on spurious signal components in SPN detectors was interrupted in 1982. Also, rc-irradiation in BR2 of the rig
INF-3T, loaded with 6 twin-compensated SPN detectors, was postponed because of the malfunctioning of different detectors
during the previous irradiation period in 1981.

Detailed analysis of the experimental data obtained so far, combined with further theoretical study, remains to be done before
deciding on reloading the rig INF-3T in BR2 or eventually setting up newly oriented experimental work.

Satisfactory results in BR2 were obtained with two prompt SPN detectors of the cobalt emitter type, mounted into the in-pile
sodium loop "'MOL 18-A1". These detectors, which were operating in hot sodium flow (500°C), allowed for instantaneous follow-up
of the fast fission power transient imposed on the test fuel pin. Prior to the transient, the detectors were dynamically calibrated
against the fuel power as derived from the loop thermal balance.

The stcr.dy state Co detector signals were rather complex to analyse in terms of incident neutron flux, because of important gamma
ray contributions (e.g. from 24Na) and also spurious signal components generated in the detector's environment. However, their
differential variations during the power transients could be reproduced quite well. Therefore, the Co SPN detectors, when properly
used, arc valuable instruments for measuring rapid fission power variations, even under severe operating conditions.
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Chapter 7

NON-NUCLEAR PROGRAMMES

7.1. AIR POLLUTION STUDIES
(J.G. Krctzschmar)

In the interdisciplinary air pollution field, specific short-term projects as well as longer-term research and development were related
to emission problems, transport, dispersion and transformation of pollutants, physical characteristics of the atmospheric boundary
layer, sampling, identification and quantification of gaseous components and participates in ambient air, development,
optimization and harmonization of new analytical techniques and standards, interpretation of air quality data and environmental
impact asscsment studies in general.

With respect to the emission of pollutants, special attention has been given to the development of in-stack sampling systems, while
specific stack measurements were done in two municipal waste incinerators and in an asbestos-cement plant. Emission inventories
and meteorological data banks were updated, and used as input for dispersion and deposition modelling within the framework of
different impact assessment studies.

A first attempt to simulate the more complex phenomena related to the NO and NO-, emission and dispersion in the urban-
industrial region of Gent was quite successful. In the same region, simulations of the SO2 gas-burden and the corrcspondingground-
level concentration patterns were confirmed by results obtained from measurements by different Belgian and foreign teams within
the context of the 5th CEC campaign on remote sensing techniques. A cooling tower plume model became operational as well as the
DOSDIM code, simulating individual and collective doses due to possible atmospheric releases of radioactive material.

Work in the environmental chemistry group has been focussed on the analysis of hydrocarbons and polyaromatic pollutants and
derivatives. Special attention has been paid to the quantitative determination of severe toxicants such as polychlorodibcnzo-p-
dioxincs (PCDD's), polychlorodibcnzo-furancs (PCDF's), polychlorophcnols (PCF's) and polychlorobiphcnyls (PCB's) in
municipal incinerator gaseous and paniculate emissions. Highly specialized equipment (GC and GC-MS) and laboratory
infrastructure for analysis of a broad spectrum of organic compounds and toxicants has been acquired, tested and routinely
operated on behalf of two contracts with the Flcmisch regional authorities. Within the framework of the harmonization exercises for
the measurement of NOX and O3, the Environmental Chemistry laboratory of S.C.K./C.E.N. was contracted as co-ordinator and
central reference laboratory.

Under contract with the Ministry of the Flemish Community and in collaboration with the local authorities and laboratories, large-
scale exploratory campaigns were carried out to determine the spatial patterns of the sulphur dioxide pollution between the
Antwerp industrial area and the Dutch border, and the background sulphur dioxide and hydrocarbon pollution in and around
Zcebruggc.

After ten years of daily measurements in fifteen different sites, the national survey of the heavy metal levels in Belgium has been
taken over by the I HE. A new project, investigating the long range transport of pollutants such as antimony, was started. Sampling
equipment for atmospheric particulatcs has been compared under field conditions, while different analytical techniques for the
determination of As, Sb and Se have been evaluated.

Asbestos research focusscd on sampling and analytical techniques, as well as on the determination of asbestos levels actually
occurring around waste storage sites, asbestos cement factories and in downtown areas with important traffic flows.

Tracer releases based on SF6 were organized to study, under various atmospheric conditions, the dispersion phenomena up to 10
km downwind ground-level releases. These data will be used in the evaluation of the applicability of on-line real-time modelling
within the framework of emergency plans.
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The experience and knowledge gained over the past years in the field of air pollution research, was introduced in different working
groups, committees or commissions of national and international organizations (BIN, ISO, WHO, UNEP, CEC, IAEA and
OECD).

7.1.1. MEASUREMENT CAMPAIGNS FOR GASEOUS POLLUTANTS
(G. Cosemans, G. Debacre, J. Krctzschniar, M. Loos, H. Peperstracte, B. Vanderborght, J. Vandcrvee, T. Rymcn)

Under contract with successively the Ministry of Public Health and the Ministry of the Flemish Community, S.C.K./C.E.N. has
carried out since 1974 several exploratory and routine measurement campaigns in the region Tesscnderlo-Kwaadmcchclcn, in
collaboration with local authorities and industries, the Institute for Hygiene and Epidemiology and the "'Dienst Milieuhinder". The
results of these efforts were summarized in 1982 with an evaluation of the local sulphur dioxide, monovinylchloride and ethene
situation over the period 1974-1981 and a large scale simulation of the actual SO2 pollution due to the various local sources.

In collaboration with I HE, Brussels and the CLW, Antwerpen, an exploratory campaign for the determination of the impact of
Antwerpcn's industrial area upon the SO2 levels between the Scheide and the Dutch border, carried out on behalf of the Ministery
of the Flemish Community, led to the following conclusions. Although more SO-, is going from Belgium to the Netherlands than vice
versa, the measurements showed that, in general, the Dutch air quality standards were respected at the border. Unfavourable
situations, with increased SO2 levels, do occur but are not systematically due to the emissions in the Antwerpen industrial area.
Within these zones, local sources cause sometimes SO2 half-hourly levels that do exceed 1000 ug SO2/nv\ While the factories,
responsible for the SO, emissions, are almost certainly known, the precise determination of the actual source or chimney has not
been possible in this exploratory campaign. A more detailed campaign, with another methodology and other means, would be
required to reach that objective.

Under the same contract, and in calloboration with the city of Brugge and the GOM Wcst-Vlaandcrcn, an exploratory campaign in
the region Blankenbcrge-Zccbruggc-Hcist was started. During the first phase of this project, more than 3000 half-hourly SO2

averages were determined in a mobile random campaign, based on 38 monitoring points covering an area of about 60 km-. These
data were analysed taking into account meteorological measurements on the 30 m mast in Heist and the continuous SO, monitoring
done at the same place. The second phase, involving qualitative as well as quantitative determinations of various organic pollutants
in and around the industrial zone of Zecbruggc, was based on a mobile laboratory equipped for appropriate sampling and on the
spot multicomponent analysis by means of a gaschromatograph. Samples arc analysed immediately or collected for more detailed
laboratory study (GC-MS). The meteorological observations and the continuous SO2 monitoring at the Heist site, as well as the
minimax campaign to explore the local pollution due to organic gaseous components, will continue in the first quarter of 1983.

Within the framework of the Benelux and the Belgian-Dutch-Gcrman collaboration in the field of mobile units to monitor air
pollution, a field intercomparison was organized in the Essen area. Continuous NOX monitors of two Belgian (IHE, S.C.K./C.E.N.),
one Dutch and three German institutes were first of all intcrcalibratcd at the LIS-Esscn (Landcsanstalt für Immissionsschutz), by
means of well known and stable NO and NO2 concentrations. During two consecutive days, mobile field measurements were then
carried out in the centre of the city and along a major freeway. The final interpretation of the results showed that the participating
laboratories and mobile units reached the desired level of comparability for field work.

A new multipurpose mobile laboratory has been equipped with a continuous fluorescence SO, monitor, a chcmilumincscent NO-
NO2-NOX monitor and a gaschromatograph. The latter is used for the determination of specific hydrocarbons as well as for the
analysis of SF6 or freon samples in tracer releases for dispersion studies.

7.1.2. MEASUREMENT CAMPAIGNS FOR PARTICULATES AND COMPONENTS
(G. Cosemans, J. Defraigne, I. Dclcspaul, P. De Rcgge, F. Lievens, J. Krctzschniar, M. Loos, J. Pamvels, J. Vandervee)

Within the framework of the Belgian network for heavy metals, run under contract with the Ministry of Public Health since 1972,
the 1981 results for the daily Pb, Zn, Cd, Ba, V, Ni, Mn, Cu, Cr and Fe levels in the fifteen monitoring stations were analysed as a
function of the meteorological conditions and overall trends over the period 1972-1981 were studied. Besides these routine
measurements, advantages ?nd shortcomings of alternative analytical techniques for the determination of As, Sb and Se in ambient
particulates collected on Whatman 41 filters were evaluated, while field intcrcomparisons of several sampling systems routinely
used in Belgium for the determination of suspended particulate matter levels continued. Modifications to certain sampling systems
did not solve some basic problems, while a pronounced influence of the inlet velocity upon the amount of dust collected was noted
for other sampling heads.

Under contract with the Ministry of the Flemish Community, a new project to study the physics of the transport of airborne
particulates over distances of the order of 100 km has been initiated. As Sb levels in ambient arc normally very low (about 10 ng
Sb/m3), and as only two important industrial Sb sources are present in Belgium, this particular element can be used as an already
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available tracer for the study of the behaviour of metals in ambient air when transported over large distances. During the first phase
of the project, the neutron activation technique for the determination of Sb in samples of ambient particul jtcs has been calibrated,
an in-depth analysis of already available information on Sb levels in Belgium was started and a high-volume sampler monitoring
network for the collection of suspended paniculate matter on Whatman 41 filters has been set up. The eleven sites of the network
cover a triangular area with its tip in Mol and its base along the line Oostendc-Wcvelgcm.

7.1.3. METEOROLOGICAL STUDIES
(G. De Hacrc, II. Dcpuydt, J. Krclzschmar, M. Loos, J. Vandcncc)

In collaboration with the Royal Meteorological Institute (KM1/IRM), the routine climatological ground-level observations as well
as the on-line determination of the half-hourly averages of temperature, wind speed and wind direction at different levels (24m, 48m,
69m, 78m and 114m) on the meteorological tower at S.C.K./C.E.N. continued in 1982. By means of a special telephone link and a
PDP based computer system, these data were continuously transmitted to the National Data Processing Centre (NDPC, Brussels)
of the Belgian Automatic Air Quality Monitoring Network. A complete statistical summary and detailed analyses of all the data arc
given in the yearly meteorological reports of S.C.K./C.E.N.

In order to obtain more precise information on the evolution as a function of time of the dispersion characteristics of the
atmospheric boundary layer, an acoustic radar (Acdar), giving continuous information on the inversions possibly occurring
somewhere between 1000 m and ground level, has been installed in the neighbourhood of the meteorological tower. Comparing
Acdar and tower data is actually the first phase of a much larger project aiming at the in-situ evaluation of a tridimcnsional Doppicr
Sodar giving continuous and detailed meteorological information (wind speed, wind direction and temperature) as a function of
height (up to 700 m).

7.1.4. AIPv POLLUTION MODELLING AND ENVIRONMENTAL IMPACT ASSESSMENT STUDIES
(G. Cosemans, G. De Bacre, L. De Corte, P. Go\nerts, .1. Kretzschmar, I. Merlcns, G. Spannen, 1$. Vandernorght, J. Vandcnee)

The measured data on the SO2 emissions, the gasburden and the ground-level concentration patterns obtained by different Belgian
and foreign research teams during the two weeks of the 5th C.E.C. campaign on remote sensing in and around Gent were analysed
and used as input or verification data for the S.C.K./C.E.N. dispersion codes. Average profiles along well-defined trajectories
downwind the main source area(s) showed to be well-suited for model validation, while instantaneous profiles, measured in a
mobile way, are not reliable enough to give a realistic picture of the actual situation or to be used in model verification procedures.
At a reasonable distance from the sources, simultaneous simulation of gasburden and ground-level concentration gave acceptable
results, although meteorological and emission input data proved to be very critical factors.

On request of the Ministry of the Flemish Community and in collaboration with the Institute for Nuclear Sciences (INW, RUG), the
methodology to determine fugitive emissions and to simulate their impact upon the environment, has been used to study the
problem of the "German ovens" at the MHO factory in Hoboken. This methodology, developed within the National Research
Programme on Air Pollution of the DPWB/SPPS, is based on tracer releases, simultaneous tracer and pollutant measurements in
the environment and bi-Gaussian dispersion modelling. The possible improvements in ambient air quality, due to the possible
replacement of the ovens under investigation were evaluated in various experiments.

In the field of the dispersion and deposition of radioactive pollutants, S.C.K./C.E.N. participated in the international benchmark
exercise of the Committee on Safety of Nuclear Installations of NEA-OECD. The Dose Distribution Model (DOSDIM), coupled to
the Immission Frequency Distribution Model (IFDM) and taking into account the different pathways of exposure to suspended
and deposited nuclidcs, has been applied within the framework of several impact studies and optimized as a function of user specific
questions.

The available codes to simulate the environmental impact of cooling towers have been incorporated into the Cooling Tower Plume
Model (CTPM), simulating the visible plume length, the plume rise and the possible occurrence of fog or drizzle. Test runs on
theoretical cooling tower data proved that the code was operational. A systematic qualitative field campaign to do some preliminary
tests on the validity of the model was started. If positive, some more extensive quantitative verifications will be organized.

As subcontractor for Metra Consulting London, carrying out a CEC contract on the economic implications of implementing a draft
proposal for the reduction of NOX emissions within the Cummunity, the 1980 NO-NO2-NOX situation in the urban and industrial
area of Gent has been simulated by means of a modified version of the Immission Frequency Distribution Model of S.C.K./C.E.N.
The simulation, based on the emission inventory (traffic, industry, space heating) obtained in the National R&D Programme
Environment-Air (DPWB/SPPS) and the meteorological and ground-level measurements in three sites of the Belgian Automatic
Monitoring Network (IHE-KMI), showed good agreement between the overall statistics of measured and calculated short-term
concentration values, respectively, although only first order approximations were used for the chemical reactions taking ptoce in
ambient mixtures of nitrogen oxides, ozon and hydrocarbons.
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Fig. 7.1. Pott's hypothesis on the carcinogenic potency of a fibre as a function of its she with some data on "carcinogenity factors".
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7.1.5. ATMOSPHERIC FISSION PRODUCT DISPERSION FOLLOWING A REACTOR ACCIDENT
(G. Dc Baere, J. Kretzschmar, M. Loos, I. Mertcns, B. Vanderborght)

Within the CEC Indirect Action Research Programme on the safety of water cooled thermal reactors, a research project on the
sensitivity, applicability and validation of bi-Gaussian off and on-line models for the evaluation of the consequences of accidental
releases in nuclear facilities, has been started in 1981 at S.C.K./C.E.N.

The first phase of this project, dealing with the influence of the choice of the turbulence typing scheme and the specific set of
dispersion parameters upon the cumulative frequency distributions of the calculated short-term concentrations for different
averaging times, has been completed successfully. A meteorological analysis of three consecutive years of hourly meteorological
observations along the meteorological tower in Mol, and the corresponding synoptic observations at the nearby military airport of
Kleine Brogel, revealed major differences in the results often different turbulent diffusion typing schemes, of which some are
routinely used for environmental impact assessment studies in some countries of the Community. Twelve different combinations,
with actually applied sets of dispersion parameters, showed major differences in the simulated impact of accidental ground level
releases as well as releases from 100 m above ground-level.

The second phase of this project, aiming at the verification of some of the calculated results by means of actually measured
concentration values in the vicinity of a simulated accidental release, and at the evaluation of the usefulness and the practical
posibilities of on-line real-time modelling within the framework of an Emergency Plan, has been started in 1982.
Taking into account the wide range of different atmospheric conditions, tracer releases take place at regular intervals. During each
experiment ground level concentrations are measured up to 10 km downwind the source by means of thirty stationary sampling
units, while the plume is scanned continuously by means of a mobile laboratory. On-sitc meteorological measurements complement
the information already available at S.C.K./C.E.N. (meteorological towers of 120 m and 30 m, Acdar).

7.1.6. ASBESTOS IN AMBIENT AIR
(P. Dclavignette, J.P. Deworni, P. Diels, J. Pauwels)

Air samples taken in 1981 in the neighbourhood of a dumping site of asbestos cement in Boom were systematically analysed. The
asbestos concentration of 68 different filters taken in the period July 80 - February 82, ranged between 104 and 3xl06 fibrcs/m3.
Corresponding mass concentrations were in the range < 1 ng/m3 to 73 ng/m3. Within the framework of the same contract with the
Ministry of the Flemish Community, a sampling campaign around an asbestos cement plant revealed fibre concentrations of 104 to
105 fibres/m3 in ambient air. Applying the carcinogenity theory of Dr. Pott on the three dimensional pattern of the detected asbestos
fibres (Fig. 7.1.), gave a very low risk index for the actually measured asbestos levels. A preliminary set of experiments to determine
the influence of traffic on the asbestos levels in downtown areas, revealed fibre concentrations ranging from 4xlO4 to 105 fibrcs/m3.

Under contract with the CEC, a project aiming at the development of a practical methodology for the determination of asbestos and
other mineral fibres in the environment has been started. Rank correlation between specific metals and asbestos fibres resulted in a
significant correlation between Ca and asbestos levels if the latter were larger than 5xlO4 fibrcs/m3. On the instrumental side,
intercomparisons between transmission and scanning electron microscopy on TEM-clectron grids were initiated, while the
sampling equipment was checked in a windtunnel.
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7.1.7. METHODOLOGY FOR 1N-SITU MEASUREMENTS ON HEPA-FILTRES
(J.P. Deworm, J. Pauwels, W. Siegers)

A test loop for the comparison of different in-situ test methods to evaluate the performances of laser spectrometry has been
constructed. A first scries of tests, carried out under contract with the CEC, showed that the laser spectrometer was applicable on
complex HEPA filtration systems. Penetration values of 10"6 were obtained over the entire size range of the aerosols generated.
More specifically, penetration particle size curves for the range 0.1-3 u.m were obtained. One of the major advantages of the laser
spectrometer is its ability to measure particles with different physical characteristics and the use of the laser detector in developing a
reproducible intcrlaboratory test method seems promising.

7.1.8. EMISSION MEASUREMENTS
(J.P. Deworm, J. Pauwels, Th. Zeevaert)

A sampling system for organic components (gases and particulatcs) in exhaust gases of municipal incinerators was developed and
tested in situ.
Velocity profiles were measured in two different stacks in order to apply isokinetic sampling conditions.

Different sampling campaigns were carried out for the determination of the total paniculate matter and the size distribution. The
size distribution was obtained with a cascade-impactor system. The total dust concentration ranged from 50 to 250 mg/m3 (for 11 %
oxygen in dry gases). The MMAD was less than 1 urn for the Brasschaat incinerator and in the range of 1.6 urn for the Harclbckc
incinerator.

Sampling campaigns for the determination of the asbestos emissions of a asbestos cement plant were performed. Both the total dust
concentration and the asbestos fiber concentration were determined. Total dust concentrations were in the range 0.1 to 10 mg/m3.
The range of asbestos fiber releases through the stacks were between 3x 108 and 5x 108 fibcrs/m3. The median length and diameter of
the fibers were less than 1 urn and 0.10 um, respectively.

7.1.9. RESEARCH PROGRAMMES ON ORGANIC AND TOXIC POLYNUCLEAR COMPONENTS
(VV. Claes, R. Defre, H. Peperstraete, T. Rymen)

On behalf of the Ministry of the Flcmisch Community, the municipal waste incinerator emissions in Brasschaat and Harclbekc were
investigated for polychlorinated organics and polyaromatic toxic compounds. Up to 106 individual volatile compounds were
detected and identified after absorption on tenax, thermal desorption and Chromatographie analysis. The less volatile pollutants in
the emission were separated in groups by liquid chromatography before analysis by gas chromatography-mass spectrometry (GC-
MS). In the very complicated organic mixtures, several isomcrs from the PCB, PCDD, PCDF and polyaromatic hydrocarbon
classes were identified.

In the framework of a second contractual agreement with the regional authorities, gas and dust samples from thcTesscndcrlo area
were systematically collected and analysed for organic pollutants. Sampling and prc-concentration on tcna\ and charcoal
cartridges were tested and optimized. Five areas with typical industrial activities and emissions were surveyed.

7.1.10. PRIMARY GAS STANDARDS
(W. Claes, H. Pepers(racte)

In co-operation with Warren Spring Laboratory (U.K.), a large intcrcalibration exercise, with circulation throughout the EC of NO
and NO2 at ambient levels in cylinders, was started. About twenty national laboratories participate in this experiment, with
S.C.K./C.E.N. acting as a central reference laboratory.

Under another contract with the CEC, an inventory study of data, measurement methods and calibration techniques of
photochemical oxidants and their correlation with precursors in ambient air, has been set up. The stress is being put on ozone as it
accounts for over vO % of the total photochemical oxidants. Cocontractors for this project arc Warren Spring Laboratory in the
United Kingdom and the Universitc de Lille in France.

Within the Belgian Automatic Network, the basic calibration of the SO-, and NOX monitors operating in the network has been
assured by preventive replacement of the used standards by newly certified S.C.K./C.E.N. permeation standards.
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7.1.11. AIR QUALITY DATA ANALYSIS AND INTERPRETATION
(G. Cosemans, .1. Kretzschmar)

Summarizing, analysing and interpreting environmental air quality data become more and more important and time consuming,
especially when taking into account the steadily increasing amount of data made available to the scientific community. Besides
project and user specific software development, special attention has been paid more recently to computer graphics. Different
flexible software packages were developed and used, not only in the air pollution field but also in various other research fields at
S.C.K./C.E.N.

A specific problem in the field of data interpretation was the start of a project aiming at the in-depth analysis of the sulphur dioxide
and paniculate matter data of UNEP's Global Environmental Air Quality Monitoring System (GEMS-Air). On request of the
World Health Organization (WHO, Geneva), the daily information on both pollutants obtained during the period 1973-1980 in
more than 150 sites situated in urban or suburban areas in more than 50 different countries has been checked, summarized,
analysed and interpreted as a function of the local situations as far as possible. This project runs in collaboration with EPA,
Research Triangle Park, N.C. and MARC, London.

7.2. ENERGY

(G. Spacpen)

7.2.1. ENERGY CONSERVATION

7.2.1.1. Energy auditing
(G. Wouters, P. De Boeck, J. Hermans, W. Schictecatte,
H. Van den Bergh, .1. Vangccl, G. Van Roosbroeck)

The energy auditing scheme under the auspices of DEB/SCE (Dienst voor Encrgicbchoud/Scrvicc pour la Conservation dc
l'Energie) became fully operational.

The total number of cnergybus audits carried out in various companies totalled 100 at the end of 1982. The average amount of
identified potential savings ranged between 14 to 20 % for energy savings and 10 to 15 % for costs savings, respectively, related to
the total energy consumption and the total energy bill of the company.

Software development for the bus programmes was continued and measurement support was given where necessary.

7.2.1.2. Energy guides for industry
(P. Dirven, J. Vangeel, G. Wouters, R. Carchon, R. De Clerck, D. De Vooglit, J.-P. Deworn:, L. Kinnacr, R. Vanhrabant,
H. Van den Bergb, W. Vandermeulen, T. Van Elsen)

DEB/SCE published a scries of informative and instructive booklets on energy management in industry and related technical
aspects. The technical content for these brochures is supplied by a group of S.C.K./C.E.N. stafTmcmbcrs, which also participate in
the final editing.

At the end of the year, 10 booklets were ready and 7 more were being prepared. The abonnec list numbers over 6100 subscribers and
several universities and higher technical schools arc using the "Guide" as an energy conservation course.

The following titles (in Dutch or French) can be obtained from the DEB/SCE :

Part A : General Recommendations
Al : The Energy Manager (1981)
A2 : Energy Book Keeping (1981)
A3 : Energybus Audits (1982)
A4 : Energy Audits (1982)
A5 : Check list for Energy Conservation (1982)

Part B : Technical Aspects
Bl : Thermal Insulation of Piping (1981)
B2 : Rational Use of compressed air (1981)
B3: Degree-Days (1981)
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B4 : Steam I : General Principles (1981)
B5 : Heating I : Fuels and Heat
Production (1982)
B6 : Steam II : Production of Steam (1982)

The following titles will be issued in 1983 :
- Lighting
- Steam I I I : Distribution and Use
- Cooling
- Energy from Waste
- Energy conservation in process furnaces
- Heat pumps
- Heating and Conditioning of Work Halls
- Measure to know more about Energy
- Heating II : Boiler efficiencies
- Reductors
- Rational Use of Electrical Motors
- Steam IV : Use of Steam

7.2.1.3. Support to DEB/SCE
(P. Dirven, G. Wouters)

Permanent support is given to the activities of DEB/SCE. These include sensibilization and advice, implementation of
governmental energy conservation measures and stimuli, evaluation of project proposals, etc.

7.2.1.4. Energy measurement team
(II. Van den Bergh, R. Vanbrabant, \V. Goossens)

Contract with DPWB/SPPS-National R&D Energy Programme

The main work of the measurement team was the measurement campaign in foundry works. Four foundries were examined
completely; twelve others only for their melting processes. A few situations were detected where energy could be saved by good
housekeeping and adjustment of methods, especially where tradition prevails in furnace loading.

Most potentials for more ralional energy use arc coupled to rather large investments, which can only be carried out in the case of
replacing equipment and/or building new installations. A control and calibration bank for electricity meters was built and put into
operation. All electricity meters of the measurement team and those generally used in industry can be calibrated.

Limited measurement tasks inside S.C.K./C.E.N. were performed in the field of electricity, ventilation and steam distribution.

At the end of the year, information about the measuring team was sent to more than 5,000 companies, to promote our activities. The
first orders for specific energy measurements have been received.

7.2.1.5. Interconnection of factories within an industrial zone
(A. Wouters, F. Degrcef)

Under contract with the CEC, an inventory is made of energy needs in two industrial sites in view of using these data as input in a
model for optimization of energy flow between factories. Although the work is still in an early stage, it can be said that the response
from industry is very good.

7.2.1.6. Valorization of cold from an LNG terminal
(G. Van Roosbroeck)

In close collaboration and co-operation with FRIGOVALOR n.v., the University of Brussels, ACEC-Gent and the Office of
Industrial Promotion (DNB/OPI), the calculations of the thermodynamic properties of the cold cycle have started. The cold cycle
uses LNG (Liquified Natural Gas) as the cold source of an Rankinc cycle, producing energy and at the same time vaporizing the
LNG. Seawatcr (temperature of 6°C) and waste heat (50°C) arc considered as heat sources.

The main objectives of these calculations are the definition of the most appropriate working medium for a given Rankinc cycle and
the best adapted Rankinc cycle for a given working medium, maximizing the energy output.

The following fluids arc being compared : cthylenc, ethane, propylene, propane, mixtures of hydrocarbons and nitrogen, and three
freons(R13, R13B1 and R14).
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Fig. 7.2. Membrane resistance as a function of volume concentration of polyantimonic acid for several membrane batches
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7.2.2. HYDROGEN PROGRAMME
(H. Vandenborre)

The R&D programme on the production of hydrogen by water electrolysis, started in 1976, has been continued in the framework of
the Indirect Energy Programme of the Commission of the European Community.

A manufacturing line for the production of thin sheets (50-500 urn) became operational. It allows e.g. a fully automatic fabrication of
the newly developed polyantimonic acid membrane up to dimensions of 70 x 70 cm2.
The existing knowledge on membranes and diaphragms based on inorganic ion exchangers has resulted in a collaboration with the
french firm Sodcteg for the development of zirconiumoxide diaphragms.

In order to reduce the electrode overvoltages, electroformed perforated nickel plates, covered with a thin layer (10 urn) of nickel-
sulphur or cobalt, have been investigated.

Electrodes have been tested at 120°C and current densities of 10 kAm'2. Electrochemical stability has been proven for up to 10,000
h. Upscaling of the electrolysis cells towards industrial attractive dimensions of 300 cm2 and 0.2 m2 has been performed.

As support to the Gensun-projcct of ENI, a 10 kW clectrolyser based on IME-technology has been built. The latter will be coupled
with a photovoltaic set-up.

Small clectrolyser units (1-2 kW) have been built as support to own S.C.K./C.E.N. programmes (e.g. enrichment of tritiatcd water).

In the framework of the COBELCON consortium (composed of N.V. Bckacrt, N.V. Boomse Mctaalwerken and S.C.K./C.E.N.), a
first 100 kW prototype elcctrolyser has been constructed. It has a hydrogen production capacity of 25 Nm3 per hour.

The successful evolution of the programme allows us to change from R&D towards a demonstration programme. Design and
construction of a 1 MW unit is planned.

7.2.2.1. R&D on advanced electrolysis
(H. Vandenborre, R. Leysen, H. Nackaerts)

7.2.2.1.1. Membranes and diaphragms
(R. Leysen, W. Doyen, R. Proost, Ph. Vermeiren)

Polyantimonic acid-polysulfone membranes in a 4/1 weight ratio, to be used in alkaline water electrolysis, have been prepared to
have a high pore volume in order to obtain a very low resistance to ionic migration. The results, as far as the dependence of the
membrane resistance as a function of the volume concentration of polyantimonic acid is concerned, for six membrane butches is
shown in Fig. 7.2. The variation in membrane resistance is rather small as long as the amount of polyantimonic acid is above 8-10
vol.%, but increased by several orders of magnitude between 8 and 2 vol.%.
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7.2.2.1.2. Electrodes
(R. Lcysen, R. Dcknock, R. Lccocq, Ph. Vermeiren)

Electrodes composed of clcctroformed nickel plates with conic holes covered with a thin layer (10 um) of nickel sulphide (hydrogen
evolution) or cobalt (oxygen evolution) have been successfully tested up to 10,000 h at 120°C and 10 kAm'2.

Upscaling to 300 cm2 without loss of performance has been achieved. Rcproducibility among different electrodes is satisfactory.

7.2.2.1.3. Laboratory electrolysis set-up
(H. Nackacrts, R. Cornelissen, R. Harnie)

The infrastructure to test Inorganic-Mcmbranc-Electrolyte (I.M.E.) electrolysis under forced convection which is available up to
now, is summarized in Table 7.1.

A general view of the mechanical and electrical parts of the ESTEF-loop is given in Fig. 7.3. Different electrolysis tests have been
performed with an equivalent total working time up to 18,000 hours.

TABLE I
Main characteristics of experimental electrolysis loops

Characteristic

Electrolyte
Temperature
Pressure
Current density
Effective electrode area
Number of cells per stack
Hydrogen production rate
Installed electric power

PROWAT
PROduktic
WATcrstof

120°C
0.8 MPa
10-15 kAm"2

4-40 cm2

2
35 N11T1

1.6 kW

ESTKF
Electrolysis
TEst Facility

Alkaline, up to 50 wt.%
150°C
0.8 MPa
10 kAm'2

300 cm2

2
0.4 Nm3h-'
5.3 k\V

ELPH
ELcctrolytic
Production of
Hydrogen

150°C
4 MPa
15kAm-2

40-300 cm2

2-5-14
1 Nm3h-'
5.0 kW

7.2.2.4. Electrolysis module test facility
(H. Nackacrts, G. Geboers)

Upscaling of the electrolysis stack up to 300 cm2 effective electrode area was realized. Endurance tests (from 1,000 to 10,000 h
running time) were started to prove the stability and the performance of the IME components at 120°C, under semi-industrial
working conditions. Further work was done on optimizing the stack and more specifically the bipolar plate concept.

7.2.2.2. COBELCON
(H. Vandcnborre, H. Nackaerts, J. Piepers*)

• N.V. Bckacrt

As a result of the R&D efforts in the field of the electrolytic production of hydrogen, a collaboration has been set up with Belgian
industries. Since 1.7.1981, an association named COBELCON (Consortium van Belgische Electrolyscurs CONstructeurs) has
been formed, with N.V. Bekacrt, N.V. Boomse Mctaalwcrken and S.C.K./C.E.N. as partners.

A first prototype with an electrical power of 100 kW has been constructed and will be operated early 1983.
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7.2.2.2.1. Pilot plant electrolysis loop
(H. Nackaerts, G. Gcboers, E. Backx*, J. Piepers*)

• N.V. Bekam

The pilot plant electrolysis loop is a complete dual gas generating system, capable of operating for extended time periods. The plant
mainly comprises the following systems :

- forced circulation electrolyte loops:
- gas lines;
- measurement and control equipment;
- power conditioning unit;
- auxiliary equipment.

The plant is designed to operate at temperatures up to 120° C and 0.5 M Pa pressure, for an hydrogen production capacity of 25 Nm3

per hour. During this period, the complete loop was designed, the technical specifications for the loop components were written,
requests for tenders were issued, different bids were compared and purchase orders were placed.

7.2.2.2.2. Prototype electrolysis stack
(H. Nackacrts, G. Geboers, L. De Cooman*, J. Piepers*)

• N.V. Bekacrt

The prototype electrolysis stack is composed of 30 unit cells connected in scries. The electrolyte is fed into the cell compartments
through small holes, which assure a homogeneous electrolyte distribution and minimize the electric current losses over the different
cells. The unit cells are held together by two end-plates and tightened by tic rods. The main characteristics of the prototype
electrolysis stack arc given below :

cell outer diameter 0.695 m
cell inner diameter 0.505 m
cell width (bipolar
plate to bipolar plate) 0.020 m
electrolyte flow-rate 1 kg.s'1

nominal current density 10 kAm'2

working temperature 100°C
working pressure 0.5 MPa

7.2.2.2.3. Membrane production line
(R. Leysen, \V. Doyen)

A new membrane production line was put into operation, allowing the fabrication of 0.7 x 0.7 m2 size membranes. The membranes
are produced using the film casting technique. The whole operation is automatic.

Start-up tests of the installation arc finished. All polyantimonic acid membranes arc castcd presently using this installation.

7.2.2.3. Work in collaboration with other industrial partners
(H. Vandenborre, T. Nenner*, \V. Smets**)

• SODETEG

*• N.V. Elektrische Nijvcrhcidsinstallatics

A further fall out of the experience gained during the last few years in alkaline water electrolysis, has resulted in contract work with
the Belgian firm N.V. Elektrische Nijverheidsinstallaties (ENI) and the French firm Socictc d'Etudes Techniques et d'Entreprises
Generates (SODETEG).
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7.2.2.3.1. Collaboration with EN I.
(R. Deknock, R. Harnic, \V. Smcls*. P. Van Hal*)

' N.V. Elektrische Nijvcrhuidsinstallatics

An IME-based elcctrolyser will be coupled with a photovoltaic cell system, for the production of hydrogen from solar energy. A first
prototype became operational at the end of 1982. A general view is given in Tig. 7.4.

This electrolyser operates at 60°C and a maximum current density of 5 kAni'2. The hydrogen production rate is about 2.5 Nnv' per
hour.
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7.2.2.3.2. Collaboration with SODETEG
(R. Leysen, Ph. Vermeircn, T. Nenner*, M. Roux*)

• SODETEG

A collaboration with SODETEG as been set up, with the aim of developing a diaphragm to be used in medium temperature (160-
200°C) advanced water electrolysis.

The R&D is directed towards the production of a diaphragm which introduces lower voltage losses in an electrolysis cell than
commercially available asbestos diaphragms. These diaphragms should withstand concentrated KOH solutions up to 160-200°C
under electrolysis conditions.

It has been shown that the combination comprising 80 wt.% zirconium oxide from Applied Research and 20 wt.%
polytctrafluorcthylenc from Du Pont de Nemours (Teflon 636 N) is the most attractive solution. Such diaphragms used under
electrolysis conditions at 160°C and 10 kAm'2, show no deterioration for at least 4,000 hours.

7.2.2.4. Assessment studies
(Ph. Van Asbroeck, J. Pelsmackers, R. Lcysen, II. Nackaerts, H. Vandenborre)

The MAWES (Model for Alkaline Water Electrolysis Systems) is the fourth generation hydrogen plant economics model, which
was developed for DOE/BNL.
A system is sized and costs arc determined for a given :
- electrode/electrode separator technology;
- estimated life times of the cells as a function of temperature;
- input power available;
- design equations for the various components;
- a component cost data bank.

The total costs for the defined plant life arc then evaluated with respect to inflation and subsequently planned with respect to the
analysis period using a financial analysis technique developed by the Electric Power Research Institute. After implementation of
this model at S.C.K./C.E.N., an adaptation to the IME technology developed by our institute is planned with regard to :
- input data;
- design equations for the various components;
- optimization technique;
- cost considerations, taxation and discount aspects.

With a new input data base, computer runs were carried out successfully in order to determine, on the one hand, design
characteristics of 100 and 500 kW clectrlytic cells and, on the other, the influence of various input parameters on the hydrogen cost
price.

7.2.3. ELENCO FUEL CELL PROGRAMME
(II. Van den Broeek*, A. Blanchart, G. Van Bogacrt, VV. Aclriansscn, \V. Doyen, C. Vandcr Poorten)

• ELENCO N.V.

The ELENCO N.V. Company was set up in 1976 by Bckacrt, DSM and S.C.K./C.E.N. for the development and the
commercialization of fuel cells. Work has been concentrated on alkaline hydrogen-air fuel cells. Technical work is usually
subconstracted by ELENCO N.V. to its three stockholders. Bckacrt works mainly on electrode manufacturing, DSM on stack
manufacturing technology and fuel cell operation and S.C.K./C.E.N. on electrode improvement and cell testing.

1982 has been a transition year during which some activities of the previous six year programme have been finished and possible
new activities have been prepared. The activities finished in 1982, include a scries of 0.5 kW module tests with electrodes
incorporated in new technology stacks, using ABS as a construction material. These tests confirmed the performance obtained in
1981 when using the old stack technology. Further, a 12 kW fuel cell unit was built into an electric test vchi.de, which became
operational and was tested on the road at the end of 1982.

It is anticipated that it will be possible to start with several demonstration test programmes in 1983, in collaboration with users
interested in the fuel cell.
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Due to their proprietary nature, detailed technical data and results are not published. In case of interest in more detailed
information, contact should be taken with ELENCO N.V.

7.2.4. NEW ELECTROCHEMICAL WORK
(A. Blanchart, R. Leyscn, W. Adrianssen, W. Doyen, R. Proost, C. Van der Poorten, Ph. Vermciren)

7.2.4.1. Photo-electrochemistry

According to a patent by Kilby ct al (U.S. patent 4,021,323), solar energy conversion is provided by a structure formed of several
photovoltaic sources. An electrolyte wets the sources and upon exposure by light, the photovoltaic sources cause a current to flow in
the electrolyte, producing an electrochemical reaction. As an example, the electrolyte is an aqueous solution of hydrogen iodide, and
the hydrogen produced by the reaction may be stored, burned as a fuel or used in a fuel cell to produce electrical energy.

We have been studying such a system by using silicon photovoltaic cells obtained from E.S.A.T. (Electronica-Systcmcn-
Automatisatic-Tcchnologic, K.U.Leuven)

A small electrolysis cell has been built which contains two photovoltaic cells. The backsides of those cells arc in contact with the
electrolyte (1 M HI solution) and, upon exposure to the front of these cells, very pure hydrogen was collected. To prevent these
photovoltaic cells from corrosion, a thin layer of noble metals (Pd, Pi) has been deposited on their backsides, which function as the
electrodes of the electrochemical cell.
In contrast to the patent of Kilby, the light docs not travel through the electrolyte, but impinges directly onto the photovoltaic cells.
The current density for this system was in the order of a few mA.cm"-.

From these first experiments, it became clear that such systems have some potential but suffer from the cost of the mono- or
polycrystallinc Si-photovoltaic cells. The use of amorphous silicon as solar cell material may be bcnificial, but only when the overall
yield is high enough. Prior to any speculations about cost of the photovoltaic cells, their overall yield has to be in the orderof 10 "/„.

Although the long-term potential of the system is certain, large-scale development docs not seem to be justified at the moment being.
Instead, further laboratory work on promising electrochemical reactions could be carried out, while waiting for an efficient low-
cost, thin-layer silicon product.

7.2.4.2. The chlorine-.ilk^li electrolysis

Contrary to the current chlorine-alkali cell, where an asbestos diaphragm separates the anode and cathode compartments, a cation-
conducting membrane is used in the membrane chlorine-alkali cells. Membrane cells constitute a new technology and the use of
cation-conducting membranes in chlorine-alkali cells is a development in small commercial plants in the last five years.

In our search for a cation-conducting membrane, thin sheets of polyantimonic acid-polysulfone or polyvinylidcnc fluoride have been
prepared by the film casting technique. Different samples of these membranes have been tested in a chlorine-alkali electrolysis cell
with an active geometric surface area of 4 cm2.

A first series of results revealed some problems, as far as the binding material is concerned. The chemical stability of polysulfone
versus chlorine seem; to be inadequate for its use in the chlorine electrolysis cells.

Electrolysis experiments done with membranes based on a polyvinylidcnc fluoride-polyantimonic acid combination showed a
severe corrosion of the membrane after a few hours of electrolysis. The membrane colour, initially white, turned very quickly to
yellow-brown and became completely black after some hours. At this point, the membrane became very fragile and finally
disintegrated. A closer examination of this phenomenon revealed that the polyvinylidcnc fluoride was chemically attacked by the
concentrated sodium hydroxide solution.

Since one normally assumes that polyvinylidcnc fluoride is stable in these caustic environments, we have been studying the
chemical stability of "extruded" polyvinylidenc fluoride films in concentrated NaOH solutions, up to 80-90°C. These tests reveal
that, although a slight discolouring of the polyvinylidenc fluoride samples can be noticed, the mechanical properties remain intact.
From these results, one tends to believe that the polyvinylidenc fluoride structure in the actual membrane combination, has been
weakened by the preparation method. Further experiments are needed to clarify this point. Because of the above mentioned
problems with the film casting technique, a better choice would be membranes made by extrusion.

In view of the stability problems encountered with polysulfonc and polyvinylidcnc fluoride, we have been preparing thin foils of
polyantimonic acid-Teflon using the cold rolling technique. With this combination, there are indeed no chemical corrosion
problems, but the membrane selectivity was rather poor. Electrochemical measurements on these membranes indicate that the
transport number of Na+-ions, as soon as a concentrated NaOH solution is reached, is of the same order as for the free electrolyte.
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Further efforts will be devoted to different preparation techniques for the membranes, with a simultaneous enhancement of the
necessary pcrmsclectivity, in order to increase the current efficiency.

7.2.5. GEOTHERMAL ENERGY

All work was suspended awaiting a new deep drilling experiment.

7.2.6. VALORISATION OF WASTE
(F. Decamps, D. Dc Vooght, W. Goossens, H. Van Brabant, C. Dc Brandt, A. Joosten, V.Corthouts, P. Ilcylen, P. Vandcrstraeten)

7.2.6.1. RECYTEC

New development is taking place in Belgium with the aim of making RDF (Refuse Derived Fuel) starting from shredded refuse as
produced by existing shredding plants in the country.

This development has been promoted and carried out by the company RECYTEC N.V. Its partners arc S.C.K./C.E.N., NIM/SNI,
GOM Vlaams Brabant, Gcmcentcdicnstcn van Bclgie, DNB/OPI and BMI/SB1. In a first stage of the project, a pilot plant for RDF
production has been built in co-operation with "Intcrcommunalc Haviland" at Meise, adjacent to an existing shredding plant. In the
pilot plant, the shredded refuse is fed, after electromagnetic separation of ferrous components, into a zig-zag air classifier for
separation of the RDF fluff from the residue. The fluff is transported to a cyclone for separation from the air flow.

Construction and commissioning of the plant have been achieved in April 1982.

In the period from April to October 1982, parametric tests have been carried out to determine the plant operation characteristics
and the corresponding RDF characteristics (granulomctric composition, moisture and ash content, heating value) as a function of
working conditions.

The range of the applied operating conditions was as follows :
- flow of shredded refuse to the pilot plant : 5.5 - 16.5 t/h
(the nominal capacity amounts to 12 t/h)
- air velocity in the zig-zag classifier: 4.6 - 9.2 m/s
- RDF fluff production rate : 7.6 - 11.9 m/s
(the nominal RDF fluff production amounts to 60 % of the shredded refuse supply)

The RDF fluff characteristics varied between following values :
- moisture content: 33 - 44 %
- ash content: 15 - 28 %
- lower heating value : 2,100 - 3,100 kcal/kg

Short-term combustion trials with the RDF fluff have taken place succcsfully in a cementkiln and a prototype fluidizcd bed; long
term combustion tests arc under preparation.

7.2.6.2. ECOTECNIC

The domestic refuse incineration plant at Brugge, built by the industrial association ECOTECNIC, with project co-ordination
ensured by S.C.K./C.E.N., performed satisfactorily. Material corrosion problems in the scrubbing section caused certain troubles.
All the piping in contact with scrubbing liquids had to be replaced.

This transformation was carried out without interruption of plant operation. Other minor technical problems were encountered, but
without operational drawback. The energy recovery section performs satisfactorily.

7.2.6.3. Consortium EAV

On behalf of the consortium EAV (Energie uit Afval te Vilvoordc), a detailed study was carried out of a plant for the production of
RDF from industrial refuse. Plant capacity is 300 t/d and RDF is fueled to a fluidizcd bed furnace.

Electricity and thermal energy produced would be sold to local users. Beside the thermal analyses, a thorough financial analysis has
been carried out also. Total financial requirements exceed 500 million BF.

The final report was approved by the managment board of the consortium.
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7.2.6.4. Slagging incineration of toxic waste

A proposal for the construction of an industrial pilot plant of a slagging incinerator (FLK. type) was submitted the authorities. After
approval of the principle, a detailed conceptual study has been started.

7.2.7. COAL
(VV. Goossens, P . Heylen, A. Lcurs, F. Cnsteels, Ph. Van Asbroeck)

Two prospective case studies of the future coal consumption in Belgium have shown that about 25 million tons will annually be
consumed by the year 2000. These forecasts presume that coal is the supplementary fuel to nuclear energy, in order to satisfy the
national energy needs under minimal economic growth conditions, keeping the oil consumption as low as reasonably possible, on a
relative level of 36 % of the total primary energy consumption in Belgium.

A literature survey indicated a lack of information on the technical and economic potentials of Belgian or imported coal, for use in
coal valorization processes resulting in a secundary clean gaseous or liquid energy carrier. To fill this gap in knowledge, a
demonstration programme with suitably technical and scicntifical support has been proposed. This programme is yet under
discussion with various interested bodies. It is focusscd on the corrosion implications and the ecologically desired technical
precautions.

The design of a test apparatus for carrying out corrosion tests on structural materials in coal gazification conditions, with well
established partial pressure of sulphur and oxygen, has been finished. The apparatus for regulation of the gas flow-rate and secure
operation of the corrosion rig have been ordered. The design of a gas equilibration unit for an electrochemical sulphur partial
pressure monitor is finished.

7.2.8. THERMAL CONVERSION OF SOLAR ENERGY
(P. Vandeplas, S. Heusdains, L. Kinnucr, N. Ries)

Vacuum collectors

As a result of the experience gained with the vacuum collectors installed on the roof of the VENUS building, several changes have
been brought to the collectors.

In order to avoid undesirable gases, released by the polymers (such as silicon rubber and thiokol) in the collector housing, which can
lead to chemical reactions with the selective surface, the way of mounting the collectors has been modified. The adequate mounting
devices have been built.

The frame of the collector has been changed, to reduce the time necessary for its mounting and for the piping work, thermal
insulation, etc.

Thermal insulation material especially shaped for the collector pipes has been manufactured.

As the pipes ensuring the uniform wetting of the inner side of the absorber plates were getting progressively obstructed, another
solution had to be found. A satisfactory solution consists in using teflon pipes provided with longitudinal slots, so that they will not
be choked by rust or, at least, that they can be cleared.

To drill the holes in the absorber plates and tighten their edges, a process that is much simpler and cheaper than resistance welding
has been tested succesfully. It consists in using the "flow drilling" in two steps.

Heat transfer system

The system that transfers the heat from the collectors to the load or the heat storage, is based on the evaporation-condensation
cycle.

On the basis of the experience gained with a first version of this system, it has been rebuilt in order to reduce the thermal inertia of
the system, to simplify the regulation and to improve the functioning of some of the components. This system will be used at the
installation at the European School at Mol.

A data acquisition system, based on a HP 2826 computer has been installed. It allows to measure all relevant data, to calculate the
overall efficiency and the net heat output.
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Selective surfaces

For the measurement of the solar absorption and thermal emissivitics of selective surfaces, a spectral measurement system,
involving two integration spheres and allowing the measurement of the spectral reflection coefficients, from 0.2 to 7 urn has been set
up. With additional equipment, the range was extended to 20 um.

Comparisons have been made with other laboratories in order to check the validity of the results.

For quality control measurements, a portable instrument has been developed for the measurement of the global absorption
coefficient.

The solar simulator and related equipment was used for measurements on behalf of industry, in particular for the measurement of
the absorption and emission coefficients of paints and of dendritic copper plates.

Various processes for obtaining selective surfaces have been considered.

- The black zinc process was further investigated. It appears that, under the best conditions, an absorption of 0.9 and an cmissivity
of 0.15 can be obtained. For plain collectors this process is very well suited as it is cheap and very corrosion resistant.
- The desposit of a black chrome layer on dull nickel on a corrugated plate, was tried again but led, as before, to a non-uniform
deposit.
- Using a copper layer on a steel substrate, and a copper oxide layer, an absorption of 0.9 and an cmissivity of 0.07 was obtained. At
high temperature (> 150°C), even under vacuum, the oxide does not conserve its original properties.

- A copper sulphide layer on copper, with a steel substrate, yields an absorption of 0.9 and an cmissivity of 0.05 at 130°C and 0.10 at
300°C and shows to be stable under vacuum and under an inert atmosphere at high temperature. Long-term tests must be carried
out. This process will probably be used in the future.

Industrialization

• Patents have been applied for both the collector and the heat transfer systems.
- A contract was signed between S.C.K./C.E.N. and SERDA for the industrial production and commercialization of the solar
collectors.

Projects

The final report concerning the installation at the European School at Mol has been transmitted to the Ministry of Public Works.

7.2.9. MATERIALS FOR CELLS FOR DIRECT CONVERSION OF SOLAR ENERGY
(P. Nagels*, M. Denayer, P. Gunst**, M. Rotti***, J. Smeets**)

* Also R.U.C.AtUwcrpcn

" DPWB/SI'PS

••• IIKW bursar

Two new reaction chambers for the deposition of amorphous silicon by glowdischargc decomposition of silanc, SiH4, have been
constructed. This apparatus allows to deposit different layers without interruption of the plasma at a rate of about 2 urn per hour.
Compared to the previous set-up, the deposition area has been enlarged and is now 45 cm2. Circular (diameter 2.5 cm) or
rectangular (2 x 1 cm2) corning glass substrates are normally used for the different types of characterization experiments. Films of
different p- and n-type doping levels were prepared in this modified set-up. Their structural, optical and electrical properties were
studied as a function of some deposition parameters, in particular the gas flow and pressure, and the application of a dc electric field
across the two electrodes. One of the problems, which is not completely resolved even now, was the presence of pinholcs in the films.
By adapting the cleaning procedure of the substrates and by modifying the deposition conditions, it was tried to avoid their presence
as much as possible. The synthesis parameters of the different layers are the following : gas flow: 3 - 6 sc cm; pressure: 0.08 torr;
substrate temperature : 270 - 280°C; power input: 1.4 W.cm'2. The doping level of the layers mainly depends on the diborane and
phosphine gas fraction. Here we settled the fractions in the silane gas as: 1 % B,H6 for the p+-laycr, 10 ppm PH3 for the Mayer and 1
% PH3 for the n+-layer. The dark conductivity and photoconductivity values measured on these doped films compared well with
those reported in the literature. The opto-electronic properties of amorphous silicon are strongly affected by the presence of defects.
In collaboration with K.U.Leuvcn, we studied the ESR spectra of glow-discharge deposited and sputtered a-Si as a function of
temperature and at frequencies of 9 GHz and 21 GHz. Our results confirmed some well-known features of the ESR spectra of a-Si
earlier reported in the literature, namely a very weak signal in a-Si deposited by glow discharge or by reactive sputtering in hydrogen
and a very intense signal in a-Si prepared by sputtering in pure argon.
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Using the deposition conditions described above, cells having a glass/lTO/p-i-n/metal structure were fabricated. These diodes
showed reasonable (i.V)-charactcristics, with the restriction, however, that the scries resistance of the devices was still too high.
This is probably due to a high contact resistance between the ITO/p-laycr and the n/mctal layer. In order to solve this problem, the
ohmic behaviour of different metallic contacts, in particular Al and Ti, on the n-sidc of the junction has been examined. By using a
special configuration of contacts, the sheet resistance of the films and the contact resistance have been determined. Aluminium
seemed to give the best results. A procedure of placing metallic contacts by a lift-off technique using a photoresist has been
developed.

It has been reported that hydrogenated amorphous silicon carbide is an excellent material for use as a window in hctcrojunctions of
the type p+-SiC/i-Si/n+-Si. Silicon carbide has an optical gap of 3 cV, which reduces the ineffective absorption of the incident
photon flux into the upper layer of the junction. We have started the production of amporphous SiC films by the glow-discharge
decomposition of mixtures of silanc and ethene as a silicon and carbon source. The optical bandgap of the films was studied as a
function of the Si/C ratio. The determination of the optical gap in amorphous semiconductors is not straightforward and different
analysis techniques have been examined.

In the framework of an IIKW/IISN project, the investigation of the influence of donor and acceptor impurities on the electrical
conductivity of poly-acctylcncs and polyphenylacetylcncs was continued. It is well known that the conductivity of these polymers
can be increased by many orders of magnitude as a result of treatment in iodine vapour. The aim of our study was to incorporate
iodine in the polymer chain itself by thermal polymerization of an iodoacetylcnc or iodophcnylacctylcnc monomer. Poly-ß-
iodophenyl-acetylenc was prepared and its electrical properties examined. From a determination of the iodine content and of the
molecular weight it was found, however, that only part of the iodine, originally present in the monomer, was retained in the polymer
chain. 1R absorption spectra indicated that iodine occupied terminal positions in the macroniolcculc. Its role on the marked
conductivity increase can then probably be neglected, especially if one assumes that poly-ß-iodophenylaeetylene has the same
structure as the undoped material. The possibility of the formation of charge transfer complexes between the macromolcculcs with
conjugated double bonds and iodine, liberated during the thermal polymerization, was examined. However, measurements of IR,
Raman and UV spectroscopy performed on polymers of different molecular weight and iodine content did not yield a clear prove for
the existence of charge transfer complexes, so that further investigation will be needed to explain the change in electrical properties.

In collaboration with the Institute of Physics of the Czechoslovak Academy of Sciences, an investigation on the doping of
chalcogenidc glasses with elements of group V (Sb and Bi) was carried out. Glasses with composition Gc,0BixSS().,, were prepared
by quenching from the melt and their optical and electrical properties were measured. An important observation was the transition
from p-to n-typc conduction occurring in glasses with high Bi concentrations. The effect of mixed Bi and Sb doping in Gc-Sc glasses
of chemical composition (GcSc3 5)() s8Bi xSb(), ,.x with 0 < x < . 12 was also studied. The main result was a transition from p-typc for
a Sb-doped glass (x = 0) to n-type on addition of Bi at nearly equal concentrations of Sb and Bi. The possible mechanisms of
electrical conduction in the glasses under study were examined. In particular, the way in which the Bi atoms arc incorporated in the
glass structure, i.e. their co-ordination number and bond formation, together with the consequences for their electrical behaviour
were considered.

7.3. OTHER PROGRAMMES

7.3.1. MATERIALS
(J..I. Huet, L. Cohcur)

ODS fcrritic alloys

In order to improve the ductility at room temperature of the ferritic alloys intended for use as turbine blade material, an adjustment
of the Ti content was necessary. Alloys containing various amounts ofTi and Y-,0, were prepared and tensile tested. It appears that
alloys containing from 2.0 to 2.5 % Ti and 0.5 % Y2O3 are promising. Several bars were prepared in our laboratory or in the pilot
plant of our licensee and arc now under test by a potential user.

Alloys DT 4715 were made by beating the pure metal powders with addition of TiO, Ti2O3 or TiO-,. Their tensile properties at room
temperature and at 700°C arc roughly the same. These alloys were also examined by TEM. No obvious difference could be observed
in the amount, size or appearance of the dispersed phases.

A part of the activities in the ODS fcrritic alloys field has been proposed for a collaboration within the framework of the curopcan
COST 501 action. This proposal was recently approved by the COST Management Committee.
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In order to better understand the behaviour of these alloys during thermal treatments, some specimens were analysed by DTA.
Some peculiarities in the DTA curves were observed with the alloys containing high amounts of Ti. They arc probably related to the
dissolution and precipitation of the intcrmctallic x phase.

ODS nickel-base alloys

A proposal for a research concerning these alloys has also been approved by the COST 501 Management Committee. It is foreseen
in this proposal that we shall be able to provide our partners in the COST action with specimens of ODS nickel-base supcralloys by
the end of 1983.

Preliminary tests have shown that the behaviour of Ni powder during beating is very different from that of Fe powder and that
changes in our fabrication method must be made.

7.3.2. SUPERCONDUCTORS
(A. Van den Bosch)

7.3.2.1. Development of superconducting materials
(R. De Batist*, L. De Wilde)

* Also R.U.CAntwcrpcn

The impregnation technique is sintered niobium with controlled porosity for the production of Nb,Sn has been further investigated,
in particular the effect of a number of production parameters on the properties of the product. The grainsizc distribution and
morphology of the niobium powder used for the fabrication of the sintered pellets, influences their porosity and hence the
concentration and the continuity of the Nb3Sn phase in the final product. The time-temperature parameters selected during the
reaction stage in the processing of the superconductor tapes, arc found to have some as yet unexplained effects. Other metals were
added to the tin in order to improve the reaction kinetics and the current carrying capacity of the Nb3Sn. hi certain cases, they had a
negative influence on the mechanical formability or on the wetting behaviour of the niobium pellet. Special precautions should be
taken when this technique is to be applied. Various forming techniques such as profile rolling, swaging, wire drawing and rolling
have been evaluated.

Fig. 7.5. A crack in the Ta diffusion barrier is shown, which propagated into the bronze and copper ofthe superconductive multifiianwU wire.
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The fabrication of multifilamcnt Nb^Sn-supcrconductors using the bronze process has been continued by double extrusion,
swaging, and subsequent wire drawing resulting in 1 mm diameter wires containing 7225 filaments. Addition of a third element to
the initial Sn-bronze has been made in view of investigating its effect on wire fabrication and superconducting properties. In certain
cases, no effect of the addition on the wire fabrication has been noticed, while substantial increase in current carrying capacity has
been reached.

Adiabatical stabilization of multifilamcnt superconductors has been tried, using Ta as a diffusion barrier between the bronze core
and the outer pure copper layer. After a few cold drawing passes, longitudinal cracking of the Ta-laycr has been observed over the
whole length (Fig. 7.5). The origin of this rupture has to be attributed to the initial microstructure of the Ta-tubc, which was scam
welded and contained a coarse grained welding region which caused the observed longitudinal cracking during cold drawing. For
further experiments, seamless Ta-tubcs will be used.

7.3.2.2. Properties of superconductors

7.3.2.2.1. Electromagnetic properties
(A. Van den Bosch, J. Cornells, F. Biermans)

Critical currents of superconductors, up to 1000 A, have been measured rcsistomctrically in magnetic fields of up to 13 tcsla at a
temperature of 4.3 K. The data taken by the aquisition system arc analysed after the transfer on the central IBM-computer. The
apparatus is mainly used to characterize S.C.K./C.E.N. made Nb3Sn superconductors.

In order to compare "short sample" test results to the behaviour of superconducting wires in larger set-ups, four small coils of
commercial NbTi multifilament wire have been wound by the Electronics and Instrumentation Service. The coil quench currents
have been measured. Results are given in Figure 7.6.

For reference, the short sample critical current values, Ic SH S A (4.2 K), as reported by the producer, are given by the open triangles
A. The line linking these data divides the figure in two parts. The lower-left one is related with experiments carried out at 4.3 K. The
upper-right part concerns an even lower temperature experiment. In the lower-left part, the number at a loadline refers to a related
coil number.

On each loadlinc there arc two marks, the one at the left gives the first-quench value while the one at the right expresses the highest
magnetic field strength reached in the centre of the coil after training. The coils 2 to 4, wet wound with different polymers, reached
their maximum field, within a very small error, right after the first quench. The data in the upper-right part of the Figure relates to an
experiment in which the liquid helium has been pumped until the temperature was decreased to 2.4 K. At this temperature coil 4,
energized by 223 amperes, generated a magnetic field of 8 tcsla.
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7.3.2.2.2. Mechanical properties
(R. De Batist*, N. Maenc, .1. Cornelis, F. Biermans)

* Also R.U.CAntttcrpcn

The stress-strain behaviour of commercial superconducting niobum-titanium wire has been measured at temperatures between
300 K and 4 K.

In the framework of the study on mechanical properties of interest for cryoscnic engineering in superconductor technology, stress-
strain measurements also have been carried out on three diffcrcnts polymers. For gripping the polymer plates at low temperatures,
chucks have been developed. Preliminary results show clearly that, for this kind of materials, the stress-strain behaviour near liquid
helium temperature (< 10 K) cannot be predicted on the basis of the results obtained at liquid nitrogen, - 77 K.

7.3.2.3. Radiation effects in superconductors
(F. De Schutter*, ,1. Cornelis, A. Van den Bosch)
(IIKW/IISN project and association S.C.K./C.E.N.-K.U.L.)

* K.U.Lcuvcn (IIKW/IISN)

The programme (IIKW/IISN project 51) studies the pinning of the flux vortices on point defect agglomerates in superconducting
materials. In 1982 mainly the effect of oxygen on the superconducting properties of vanadium has been studied. The apparatus was
adapted for measuring susceptibilities on 20 um thin samples. Thin pure vanadium samples have been oxidized, heat treated and
subsequently measured in order to determine the oxygen penetration profile.
Measurements of the flux penetration shape have been carried out on vanadium foils, after their irradiation with fission fragments.

7.3.2.4. Mathematical analyses of superconducting magnets
(N. Maenc, G. Spamven, L. De Corle)

In the central zone of a scries of coaxial coils, the distribution of the magnetic field is often computed by a series development in
spherical co-ordinates. This approach is particularly useful for highly homogeneous fields. Sets of simple optimal systems arc
available, consisting of infinitely thin current loops. Such solutions were taken as starting points for the design of more realistic
configurations with finite current densities.

A different method is needed in order to compute the strength of the magnetic field in the coils themselves. Th'* magnetic field puts a
limit on the current through the superconducting wire. A computer programme was written which carries out the integration over a
set of coaxial coils with rectangular cross-sections. Due attention was paid to the treatment of mathematical singularities near the
sources. This programme was extended to the design of a multiple coil system with optimal geometry. When the number of turns and
the composition of the wire in such a coil are well matched, the critical field is reached at the same value of the current when all coils
arc connected in scries. Ideally speaking, all coils should thus quench at the same time. The method is being applied to the upscaling
of the 4 tesla coil which is under construction.

An analytical study is carried out in order to develop numerical methods, useful to calculate the electromagnetic quantities for
coaxial coil systems as : field distribution, field gradients and magnetic forces. For the case of axisymmctric geometry, the vector
potential reduces to one component only, the three-dimensional problem then transforms into a two-dimensional one. To solve
Poisson's equation, the electromagnetic field may be partitioned into two magnetic fields: the excitation field that may be computed
using the Biot-Savart law in the absence of material, and the perturbation field due to the permeable material. Computer
programmes arc further in progress for two practical coil systems.

7.3.3. INFORMATICS
(G. Peperstraete)

In accordance with existing conventions, software supporting activities have been carried out for:
- a garage keeper : modifications of the invoice-programmes to set up a link to the accounting programmes in preparation;
- a home decorator: development and testing of programmes to make offers for inside and outside decoration.

A demonstration-package of the invoice programmes for a garage keeper has been worked out and distributed to some software
houses of micro computer systems.
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The existing programmes for a home decorator have been demonstrated to several members of a partnership of home decorators.

Other offers for software support and some advices, concerning the installation or the modification of a computer system, have been
transmitted.

7.3.4. ELECTRONICS
(J. Lamvers)

The efforts of the industrial microprocessor applications group were mainly directed towards the commercial promotion, also
internationally, of the VIC-2 input/output extension board for the CBM microcomputers. In order to improve noise immunity in
heavy industrial circumstances, some minor modifications have been implemented and another 200 cards were fabricated.

For the intermcdullary nail locator a detector for the thigh-bone (femur) has been developed. The first type of detector, being
smaller, was made for the shin-bone (tibia) and upper-arm (humcrus). A number of detectors, together with the associated
electronic equipment, has been delivered to various hospitals and they have been successfully used during a total of more than
hundred surgical interventions.

At the request of the "International Safeguards" a prototype of a cryptograhic seal has been developed. Using the same
cryptographic principles with public keys (RSA standard), several other and commercially very attractive applications can be
considered, such as electronic signatures for instance or other bank transfer data protection.

In view ofthat, a lot of contacts have been established with the Belgian authorities and industry.

Also in the nuclear field, some interesting results can be reported. At the demand of Bclgatom, S.C.K./C.E.N. will be responsible for
the renewal of the control instrumentation of a foreign nuclear reactor. The basic study and design phase has been completed and
construction has been started.

For the IAEA, a prototype of a simple scalcr/timcr has been constructed which will be used for educational purposes in developing
countries.

Promising results have been obtained from an exploratory study, in order to detect the contents of long-living isotopes in the air. as
fast and as accurate as possible, even with a high background of normal natural radioactivity. Using modern microprocessor
electronics, it seems to be possible to obtain significant improvements compared to the older techniques. AGFA/GEVAERT is very
interested by these results.

7.3.5. ORGANIC SYNTHESIS
(VV.R.A. Goossens, II. Vanbrabant)

The synthesis reaction schemes of various specific organic compounds have been further tested on a laboratory scale. The synthesis
of a first organic product has been optimized and the data obtained were applied by the industrial manufacturer for scaling-up
purposes. Unfortunately, the market prospects abruptly changed as a result of new policies by the potential client.

The development of a second synthesis scheme had to be focusscd rather quickly on the waste streams obtained during product
separation and washing. A new promising post-synthesis treatment sequence could be developed and is being checked now.

7.3.6. LIMESTONE CALCINATIONS
(W.R.A. Goossens, A. Joosten, W. Timmermans, II. Vunbrabant)

On demand of two private companies, the calcination conditions of foreign limestone samples have been investigated. In particular,
the macro kinetics and the mechanical deterioration of pulverized limestone under static conditions and in a small fluid bed
contactor had to be investigated during calcination at 900°C. The data obtained have been scaled-up for the design of industrial
plants and for the solution of operational troubles.
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7.3.7. STUDIESYNDIKAAT VOOR WATER (SVW)
(G. Van Roosbroeck)

S.C.K./C.E.N. contributes substantially to the realization of the objectives of SVW. These objectives comprise mainly the
development of new techniques in the field of drinking water production and distribution, of waste water purification and of sludge
treatment.

The literature research on the treatment of effluents from the bio-industry and the possible valorization of organic components of
these effluents, has led to a project for further research on the treatment of effluents with high ammonia concentrations.

Finally, a programme has been defined concerning the electromagnetic filtration of waste waters and process streams.
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Chapter 8

THE BR2 MATERIALS TESTING REACTOR
AND ITS ASSOCIATED FACILITIES

The BR2 reactor was first put into service with an experimental loading in 1963. Shut down end 1978 for renewal of its beryllium
matrix, it has been restarted mid-1980. During 1982, the reactor and its associated facilities continued their regular operation.

The reactor operating conditions formed the subject of a Royal decree, completing and modifying the authorization act of 1961 and
dated 29th March 1982.

The reactor was in operation for a total of 185 days. The power level varied between 59.3 M\V and 87.7 M\V. Although the operating
incidents were of the same order as in 1981, the operating coefficient attained in 1982 (51 %) was smaller than in 1981 (64%); indeed,
several supplementary intermediate shut-downs had to be planned on request of the experimental programme and some routine shut-
downs were extended (modification of the reactor core configuration, inspection of the beryllium matrix, reduction of the weekly
working time).

After cycle 4 /82 , following the end of the GSB irradiation programme in channel 114, a new core configuration was used. The new
configuration 10 is centred on the channel HI, whereas the former configuration 9 was centred on the channels 111 and 114; thereby,
the reference power level could be reduced from 82 M\V to 60 MW, the irradiation conditions for the experiments loaded being
maintained.

The continued effort to optimize the fuel loading according to the needs of the experiments, has enabled fuel consumption to be
maintained at a remarkably low level. The specific fuel consumption in 1982 was 6 standard elements par 1000 MWd, compared with 4
in 1981,7 in 1980,12 in 1971 (first routine utilization of cermet type fuel elements) and 23 at the beginning of reactor operation (with
alloy type fuel elements).

According to the agreement between S.C.K./C.E.N., and the KfK Karlsruhe which came into force in 1969, the occupation of the
reactor was shared by German research centres (Karlsruhe and others), on the one hand, and by S.C.K./C.E.N. on the other. This
contract forms part of the collaboration on fast reactors between the BcNcLux countries and the Federal Republic of Germany.
Special arrangements were made for experimenters which were not covered by this agreement.

In 1982, the reactor has been used to study the behaviour of reactor fuel elements and structural materials for future nuclear power
stations (sodium or gas cooled fast reactors, high-temperature gas cooled reactors, light water reactors, fusion reactors). The
irradiations mainly concern safety experiments, power cycling experiments and, generally speaking, irradiations under off-normal
conditions.

Irradiations for nuclear transmutation (production of high specific activity radioisotopes), neutron-radiography, use of beam tubes for
physics studies, and pilot scale gamma irradiations have also been carried out. I lowevcr, the reactor was primarily used for the sodium
cooled fast reactor and gas cooled reactor development programmes, which accounted for 77 % of total reactor use.

The experimental load occupied, on average, 61 reactor channels (68 in 1981). Some 425 irradiation devices (307 in 1981) were loaded,
not including standard isotope production capsules and measuring equipment.

Among the new rigs loaded, the following are worthy of note :

- sodium cooled fast reactors
- the MOL 3L rig, for the irradiation of sodium flow meters;
- the MOL 3M rig, for the irradiation of LiNbO, crystals in a sodium filled capsule;
- the MOL 5B16 rig, for the irradiation of a structural material sample under stress with continuous in-pile creep measurement;
- the MOL 19-1 and 2 rigs, for the irradiation of SNR thermal insulation material;
- the MOL 20A-1 and 2 rigs, for the gamma irradiation of SNR concrete samples;
- the CFC 8 capsule for fuel-cladding compatibility studies.

- gas cooled fast reactors
- the HELM 2A fuel assembly of the GSB programme (a bundle of 12 vented fuel pins containing prc-irradiatcd UO2 fuel pins and
2 fresh U O J - P U O J fuel pins, one with an artificial cladding defect).
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- light water reactors
-13 experiments in the framework of the international TRIBULATION programme (irradiation of prc-irradiated LWR fuel rods in
pressurized water capsules with power cycling).

-fusion reactors
- irradiation of Ni samples in order to determine (he helium production over radiation damage ratio (appm He/dpa).

The BRO2 reactor, zero power model of BR2, was used to study the new BR2 core loading. In particular, the specifications for the
irradiation of a cadmium screened VIC (Variable Irradiation Conditions) device were taken into account. On another hand, tests have
been staitid in order to increase the production capacity of | l )2Ir in the central 200 mm diameter channel.

Regular operation of the BR2 hot cells was continued. The main work carried out was related to the dismantling of irradiation devices
and fuel elements, to loading of fresh or irradiated fuel pins into irradiation rigs and to non-destructive analyses.

The BR2 reactor and its associated facilities are part of the S.C.K./C.E.N. Reactor and Energy Production Division, which is under
the direction of G. STIENNON.

Planning and analysis of BR2 and hot cells utilization, safely analysis of experiments, radioisotopes production supervision and
administration were carried out by J-M. BAUGNET, W. BOEYKENS. C. LAMBIET and R. DE BIE.

8.1. IRRADIATION DEVICES

(The work performed on irradiation de\ices was supervised by J. Planquart, .1. Brenez, G. Vanmassenhove, G. Blondeel, M. Decreton,
J. Dekeyser, A. Falla, F. Moons, II. Nackacrts, J. Parent, R. Penninckx, M. Soenen, P. Vanderstraeten, A. Verwimp, W. Detavernier,
R. Catteeuw, C. Decloedt, Ja. Dekeyser, G. Geboers, J. Leunen and R. Oris)

8.1.1. GENERAL

Design, construction and operation of irradiation devices were carried out on behalf of several experimenters: work was mainly
devoted to :
- the development of fast reactors (fuel and structural materials behaviour under steady state, transient or accident conditions);
- steady state, transient and safety related programmes for pressurized water reactors (start-up conditions, power cycling, overpower
tests, cooling mismatch).

TABLE S.I.
Irradiation devices haded in the BR2 reactor at the beginning of 19S2

A. Sodium cooled fast reactor programme
MOL 11 -C2
MOL 11 - C4
MOL 11 - C5

MOL 10-3
MOL 18-AI
MOL5-B13
MOL5-B15
DISP6(ISIS)

CFC6
B. High-temperature reactor programme

ART
C. Gas breeder reactor programme

GSB - HELM 3
D. Light water reactor programme

CEB 13
P9

E. Irradiation installation
DGR

Mixed carbide fuel in NaK under cadmium screen.

Radial swelling of fuel pin.
(with VNS2). Power transient on fresh LMFBR fuel
pin in Na loop.
Creep of cladding material.
Notch test sample in NaK.

Fuel pin in NaK - fuel/cladding compatibility.

B4C neutron absorber rod testing.

GCFR assembly - Vented fuel pins.
(with VNS1). LWR fuel pin - power cycling.
Fuel rod in BR2 water.

Device for radioisotopc production.
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TABLE S.2.
New irradiation devices loaded in the BR2 reactor during 19S2

A. Sodium cooled fast reactor programme
MOL5-B16
MOL 3 - M

CFC8
MOL 19 - 1 l
MOL 1 9 - 2 1

MOL 2 0 - A l i
MOL 20 - A21

MOL 3 L

B. Gas breeder reactor programme
GSB - HELM 2A

SIM and SP2
C. Light water reactor programme

PWC BN 1.2.3
CCD 1.2,3

VNS 2

Creep of cladding material.
Irradiation of LiNbOv

Fuel pin in NaK - fuel/cladding compability.
Heat insulation material forcorc vessel.

Gamma irradiation of concrete samples for core
shielding.
Irradiation of mass flowmetcr, noise detectors and
temperature probes.

GCFR assembly - Vented fuel with artificial defect
Steel sample from GSB - in-pile section.

Pressurized water capsule
Power calibration device
Cycling device

Power transient of LWR
prc-irradiatcdrod for the

TRIBULATION programme.

This work was carried out in collaboration with or on behalf of:
- the international venture for the TRIBULATION programme:
- the KfK, "Kernforschungszentrum Karlsruhe" ;
- the Commission of European Communities ;
- German and Belgian industry (Intcratom, Bclgonucleairc):
- Belgian research institutes (IRE. Universities).

The Tables 8.1., 8.2. and 8.3 give a general review of the devices built or managed by the Technology and Energy Department.

TABLES.3.
New irradiation devices to be loaded in I9S3 and I9S4.

A. Sodium cooled fast reactor programme.
MOL 3 - B8 l
MOL 3 - B9 I
MOL5-B17
OASIS 1 and 2

FARFADET 1 to 6
MOL 18-A2i
MOL 18 - B3 l
MOL 7 - C41
MOL 7 - C5 I

PAHR 1
MOL 21 -A

B. Light water reactor programme.
PWC
CCD

VNS 2
C. Fusion reactor development.

FAFUMA 1,2
FAFUMA 3

D. Irradiation installation.
PRF

E. Waste disposal programme
CIC

Tensile samples in sodium.

In-pile creep measurement of cladding material.
Fcrritic steel samples under stress.
Fuel pin in NaK - Start-of-lifc fuel behaviour
Overpower test on LMFBR fuel rod in sodium loop.

Partial sodium flow blockage in LMFBR fuel
assembly with prcirradiated fuel rods.
LMFBR - Debris bed studies.
Gamma irradiation of oxygen monitors in sodium.

Power transients for prcirradiated rods for the
TRIBULATION programme.

Static irradiation of fatigue samples
In-pilcfatigue test (cycling).

Device for radioisotopc production.

Corrosion of steel in claywater under gamma rays.
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A more extended description of some projects is given in other chapters, e.g.:

- MOL 7C (In-pilc sodium flow disturbance test) for the sodium cooled fast reactor programme): Chapter 1.
- PAHR (Post Accident Heat Removal) for the sodium cooled fast reactor programme : Chapter 1.
- GSB (Gas loop with vented fuel pin) for the gas cooled breeder reactor programme Chapter 2.
- TRIBULATION (mid-life fast power transients) for the light water cooled reactor programme : Chapter 3.
- FAFUMA (In-pilc material fatigue tests) for the fusion reactor programme : Chapter 5.
- VIC programme (power transients on LMFBR fuel): Chapter 8, section 8.1.2.

8.1.2. MOL 18 PROJECT (SNR fuel transients)
(Je. Dckeyser, M. Dccrcton, A. Falla)

The irradiation project MOL 18 continued in 1982 with the completion of the prototype experiment "MOL 18-A1" and construction
of two other in-pilc sections "MOL 18-A2" and "MOL 18-B3", following the design of the VIC 1-typc sodium loop. These experiments
arc carried out on behalf of KfK in the framework of the SNR fuel "Transicntenprogramm".

Prototype experiment MOL 18-A1

The second and final irradiation period of the test section MOL 18-A1 was carried out in reactor cycle 1/82A, with a specified
programme offission power transients on the test fuel pin (fresh KNK-Il/Mkl type). Fig. 8.1. shows the power history, representing
the time evolution of linear rod power (X), expressed in percentage of the nominal level (Xo = 500 \V/cm).

Four irradiation days were dedicated to increase the power level step-wise from 100 % to 140 % by mild power ramps oflO % each day,
at rates of 1 to 5 % per minute. Before and shortly after each power increment, the Co collcctron signals (prompt type of sclf-powcrcd
neutron detector) were calibrated against the stabilized fuel rod power as derived from the loop thermal balance. These results were
applied for deducing the instantaneous power levels, in support of the measured 3Hc screen pressure, during the subsequent fast
power transients.

Three peakwise power transients were run, up to 120, 140 and 160 %, respectively. Each transient was characterized by a positive
ramping rate of 2%/s, almost zero delay time at peak power and fast return to nominal. The 160 % transient, however, was stopped by
a programmed reactor scram. A comparison between the realized and the specified transient parameters for the 160 % case is listed in
Table 8.4. These results demonstrate the capability of the "Fast Cycling Device" in the 3Hc power control station VNS 2.

160 V .

o
o
x

X X°

60
1/20 1/25 1/26 1/27 1/28 2/S 2/9

DATE

Fig. 8.1. MOL-1S-A1 Power history for the second irradiation period (BR2 cycle 1/82 A)
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TABLES.-).
MOL 1S-A1 Experiment - POWER TRANSIENT 160 "/„

Transient parameters Specified Realized

,- Initial linear power
- Maximum lincair power

• T i m c t 0 X n m

• Power increase % Xn/s
curvature

• Power decrease timc

X,, = 500 W/cm

*max = 8 0 ° /

30 s
2 %/s
linear
minimal : by
reactor scram

500 W/cm
From 3Hc pressure : 816 W/cm
From collcctrons NFE 1:810 W/cm

NFE 2:818 W/cm

30.0 s
2.11 %/s
linear (from collcctrons)
reactor scram
(< 10 % Xn in 0.6 s)

• Na inlet temp, initial
max.

• Na outlet temp, initial
max.

450°C
< 500"C

600°C

450°C
455°C
(after 45 s)
603"C
695'C

Na flow rate
• 3He pressure initial

minimal

nominal 133 g/s
32.8 bar abs.
11.1 bar abs.

After irradiation, the in-pile section was prepared for transfer to the BR2 hot-cells, with special attention to the inherent tritium
contamination. Dismantling of the loop took place in July 1982. The lower thimble tube, enclosing the fuel pin in solid sodium, was
shipped to KfK where the post-irradiation examinations started shortly after.

Careful and frequent observations during dismantling revealed rather high but still tolerable levels of tritium release and
contamination in the BR2 hot-cells. Quite unexpected was the important tritium release from the rig enveloping tube. This was
probably caused by internal tritium diffusion during irradiation. Also, tritium diffusion from the 3I Ic screen towards the Na circuit
may have occurred, according to the later observations during Na melting in the KfK hot cells.

Following MOL 18 experiments

Assembly of the in-pile sections "MOL 18-A2" and "MOL I8-B3" proceeded with priority on the latter. From the in-pile experience
with MOL 18-A1, several design improvements were incorporated in the construction of the new rigs.

Both test-sections will be irradiated under Cd screen. While the B3 loop still contains a fresh fuel pin of 7.6 mm outer diameter, the
A2 loop will incorporate a prc-irradiatcd pin of 6 mm outer diameter, originating from a defect fuel clement of the fast reactor KN K-
II, with a burn-up of 5 at %.

MOL 18-B3 will be loaded in BR2 in the first halfof 1983 and will be irradiated up to 2 at % burn-up prior to the transient tests. MOL
18-A2 will be loaded immediately after MOL I8-B3.

For the years beyond 1983, the SNR fuel "Transicntcnprogramm" foresees at least one MOL 18 irradiation experiment per year
until end 1986, to be realized each time in a newly constructed in-pile section.

8.1.3. PRODUCTION OF 244Pu
(G. Blondeel, Cli. do Rnedt, P. dc Regge)

In the framework of a contract with CBNM/BCMN, (J RC-Geel), a study has been carried out to evaluate the production of 244Pu in
the BR2 reactor, starting from 100 g of PuO2 enriched with 242Pu.

This special isotope can be used to improve the absolute determination of various plutonium isotopes in irradiated nuclear fuel.
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The study considered the ncutronic aspect, as well as some technical aspects such as sample material conditioning, heat transfer
capacity, fission gas pressure.

The study pointed out that it is possible to produce the required amount of 244Pu by an irradiation of about 2 years, using 2 positions
of the central channel of the reactor.

8.2. TESTING AND COMMISSIONING

(G. Rottenberg, S. Claes, J. De Clerq, A. Sencie, L. Vanstcenlandt)

Testing and commissioning work includes:
- technical assistance to experimenters and constructors during the manufacture and installation of irradiation devices;

- commissioning of irradiation devices prior to their initial operation;
- technical assistance to S.C.K./C.E.N. departments in carrying out their own equipment or maintenance programmes.

An important contribution was made to all irradiation devices manufactured by S.C.K./C.E.N., mainly through inspection and
testing during manufacture, as well as chemical cleaning of all components.

Experimenters who brought their own irradiation devices made wide use of the service for supervision of the installation, for

subsequent acceptance tests and for starting operations.

Table 8.5. reviews the main types of new irradiation devices which went through the testing and commissioning procedure in 1982.

In addition, other devices were commissioned, such as :

2 gas analysing panels for the MOL 19 programme;
1 gas supply panel for the controlled storage of the CCD 2 •'lie screen;
1 gas supply and control rack for the MOL 20 A experiments;
1 sodium fusion control panel for the MOL 3L experiment;
the CCD 2 and CCD 3 screens for power cycling with Hc^;

TABLE 8.5.

Irradiation devices which went through testing anil commissioning in 19S2

Type of device Manufactured by Total
SCK/CEN Customer Jointly

Instrumented fissile material rigs

Instrumented rigs for material
irradiation

Non-instrumented rigs for material
irradiation

Cobalt capsules (pellets)

Cobalt capsules (grains)

Iridium capsules

Various isotope capsules

Fissile material capsules for "DGR"

TOTAL

14

63

163

21

186

21

15

21

21

4

163

21

63

295
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1 new outer thimble for the DGR inpile device;
the PWC/BN2 and PWC/BN3 in-pilc sections, for the TRIBULATION programme;
4 fuel pins for the MOL 18 programme;
2 FAFNIR type cadmium simulators for the BR2 reactor;
12 safety tubes for BR2 reactor mobile absorber rods.

Manufacturing controls have been continued on 4 important sodium loops now under construction: MOL 7C/4, MOL 7C/5, MOL
18-A1-A2 and MOL 18-B3.

Rccommissioning of existing out-of-pilc or in-pile sections has been carried out for the following experiments :
- gas mixing control panels called GMP2, GMP3 and GMP6,
- gas control panel MOL 8C/2,
- the out-of-pilc control system built for the MOL 5B programme,
- the CCD-1 screen for power cycling with 3He.

8.3. OPERATION AND UTILIZATION OF THE REACTOR

(J. Archambcau, J-M. Baugnel, A. Beeckmansde West-Mecrbeeck, \V. Boeykcus, N. Ccuncls, J-M. Corbisier, P. Dcckx, M. Dchu,
J. Dierckx, E. Koonen, C. Lambiet, H. Lenders*, F. Leonard, II. Massage, L. Morlion, M. Noel, P. Palcnberg*, J. Schutyser, V.
Stoens, J. Steylemans, V. Stulens, M. Van Loven, J. Vermunt, J-P. Wannyn)

'EURATOM

8.3.1. REACTOR OPERATION

8.3.1.1. Operation characteristics

The operating period 1982 ran from the 19th December 1981 till the 17th December 1982. The nominal operating cycle was of six
weeks duration (8 days shut-down and 31 days operation with an intermediate shut-down of 3 days). The 363 days making up to
operating period 1982 would have permitted 9 cycles, but there were, in fact, only 7 as two were cancelled due to extensions of
scheduled shut-downs, additional intermediate shut-downs and time lost by operating incidents, as explained in detail in par. S.3.2.

The overall distribution of the reactor operation time is as follows :

- in operation
- scheduled shut-downs
- extensions of scheduled shut-downs and
additional intermediate shut-downs
- operating incidents
(unscheduled shut-downs)

185.0 days
77.0 days

89.3 days

12.2 days

50.9 %

21.2 %

24.5 %

3.4 %

363.5 days 100 %

For the first part of 1982, the reactor was operated using several variants of the core configuration 9. As example, Fig. 8.2. shows the
distribution of the fuel elements and control rods in the beryllium matrix for the variant 9M. After the cycle 4/82, followinb .1... end of
the GSB irradiation programme in channel H4, the core configuration 10 was used.This new configuration is centred on the channel
HI, whereas the former configuration 9 was centred on the channels III & H4. Fig. 8.3. shows, as example, the variant 10C used
during the last cycle (7/82). Tables 8.6. and 8.7. give a typical set of nuclear characteristics for this variant 1OC. In the other variants,
the irradiction conditions were almost identical, since the fuel charge was altered appropriately.

Nominal power ranged from 52.5 M\V to 83 MW, depending on the variant of the core configuration used. During each cycle,
however, the power level was adjusted to give optimum irradiation conditions for the entire experimental load, while still respecting
the various power limits imposed. This being so, the actual power level varied between 59.3 MVV and 87.7 MW. In addition, at each
start-up, the power was increased step-wise, with halts at least at 1 %, 40 %, 60 % and 80 % of nominal full power. This was done to
carry out various checks, to choose the optimum full power level, and to find the best distribution of the control rod heights to meet
the various experimental specifications.
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Fig. 8.3. BR2 configuration IOC
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During the year, the total integrated power reached 13,378 MWd corresponding to a consumption of 16.1 kg -•'5U. The total number
of fresh standard fuel elements used was 80; in addition, 1 Xs driver element was used for the GSB helium loop and 1 llln special
clement for the MOL 3M experiment. The highest rated element (a standard cermet type containing 400 g 235U) attained a mean
burn-up value of 61 %, corresponding to 73 % at its hot plane. All the fuel elements loaded were of cermet type with burnable
poisons, except 2 of the alloy type.

Table 8.8. gives the main operating parameters for 1982.

TABLE 8.6.
Nuclear characteristics of the BR2 configuration 10 C - Fuel element channel!:

Power = 60.4 MVV Conditions during the
cycle 7/82A

Reactor
channel

Fuel elements

Type Average
Burn-up

% (1)

Maximum flux (2)
10'4n/cm2.s

Thermal (3) E>0.1 MeV

0 fast
thermal

Maximum
nuclear (4)

heating
(W/g AI)

A 30
A 90
A 150
A 210
A 270
A 330

6NG
61G
6NG
6NG
6NG
5NG

18
13
20
19
29
21

3.0
3.1
3.1
3.1
3.4
3.3

7.4
7.8
7.2
7.2
7.2
7.7

2.5
2.5
2.3
2.3
2.1
2.3

13.7
14.2
12.8
12.9
12.8
13.2

B0
B60
B 120
B 180
B 240
B 300

6NG
6NG
6NG
6NG
6NG
6NG

18
16
39
40
20
16

3.0
2.9
3.2
3.1
2.9
3.0

7.1
7.4
6.4
6.0
7.2
7.6

2.4
2.6
2.0
1.9
2.5
2.5

13.0
14.1
12.0
11.2
13.3
13.8

C41
C 101
C 161
C 199
C259
C319

6NG
6NG
6NG
6NG
6NG
6NG

0
30
0
0

29
19

2.1
2.8
2.1
2.0
2.7
2.5

6.5
6.1
5.9
5.7
6.0
6.4

3.1
2.2
2.8
2.8
2.2
2.6

12.8
11.4
10.8
10.6
11.1
11.9

DO
D60
D 120
D240
D300

6NG
6NG
6IG
6NG
3NG

36
23
0
7
0

2.4
2.1
2.0
2.0
2.3

4.5
4.9
6.0
5.4
3.1

1.9
2.3
3.0
2.7
1.4

7.8
9.2

11.3
10.2
9.0

E30
E33O
F 106
F254
G 120

6IG
6IG
6NG
61G
6NG

0
0

38
37
45

1.5
1.6
2.2
2.0

4.3
4.6
4.1
3.8
3.1

2.9
2.9
1.9
1.9
1.7

8.1
8.4
7.4
6.7
5.4

G Cermet fuel clement 400 g 235U type (60 mg 235U/cm2)

(1) At the beginning of the cycle

(2) Neutron (lux at 50 mm below reactor mid-plane

(3) Unperturbed neutron flux on the centre line of the fuel element (n) UQJ VO at 2200 m/s

(4) Nuclear heating of an aluminium sample placed on fuel clement axis at position of maximum flux.

0.5 ,
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TABLE S.7.
Nuclear characteristics of the BR2 configuration 10 C - Reflector channels

Power = 60.4 MW

Reactor Maximum unperturbed flux 1014n/cm2.s Maximum nuclear heating

channel Thermal E > 0.1 McV W/gAl

D 180 3.4 1.2 4.3

F 14 2.3 1.3 3.1
F 4 6 2.7 1.1 4.0
F166 2.6 0.6 2.3
F 194 2.4 0.6 2.2
F314 3.0 1.2 3.9
F346 2.8 0.8 3.1
GO 2.2 0.4 1.9
G 6 0 2.6 0.5 2.0
G 180 2.3 0.3 1.0
G300 2.6 0.6 2.0

H23 1.8 0.7 1.7
H 37 2.0 0.5 1.8
H323 2.0 0.6 1.8
H 337 1.9 0.5 1.8
H 1-0 8.9 1.9 6.7
H 1-120 8.9 1.8 6.5
H 1-240 8.9 1.8 6.5
H 2-90 1.4 0.06 0.3
H 2-210 2.9 0.7 2.5
H 2-330 2.5 0.4 1.7
H 3-30 2.3 0.7 2.1
H 3-150 1.2 0.05 0.3
H 3-270 2.4 0.4 1.8
H 5-30 2.5 0.5 1.6
H 5-150 2.8 0.7 2.3
H 5-270 1.3 0.06 0.3

K M 1.7 0.2 0.8
K49 1.9 0.2 0.9
K 109 2.1 0.5 1.8
K 169 1.7 0.1 0.5
K 191 1.5 0.1 0.5
K251 1.9 0.4 1.3
K311 2.0 0.2 0.9
K.349 1.6 0.2 0.8
L 0 1.3 0.06 0.4
L60 1.3 0.1 0.5
L 120 1.7 0.3 1.0
L 180 1.2 0.05 0.3
L240 1.3 0.09 0.5
L300 1.5 0.1 0.4

N 3 0 1.1 0.1 0.4
N33O 1.1 0.09 0.5
P 19 1.0 0.07 0.3
P41 1.0 0.08 0.4
P 101 1.4 0.07 0.5
P 161 1.1 0.03 0.1
P 199 0.7 0.01 0.1
P259 1.3 0.08 0.4
P319 1.1 0.08 0.4
P 341 1.1 0.06 0.3
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TABLE 8.S.
BR2 - Operating parameters I9S2

Reactor operating characteristics

Power rating, nominal
Total operating time
Average operating time per cycle
Total energy dissipated
Average energy dissipated per cycle
Fissile charge at start of cycle (235U)

Circuit characteristics

Flow (m3.h-')
Inlet temperature (°C)
Inlet pressure (kg.cm'2)
Ap across pressure vessel (kg.cm'2)
pH
Resistivity (Q.cm"1)
Flow in purification line (m3.h'')
Activity ßy (|jCi.cm'3)

Fuel elements

Maximum nominal temperature at hot spot (°C)
for inlet temperature of 40°C
Heat flux maximum (W.cm'2): nominal

admissible
Water velocity between plates (m.s"1)

Liquid effluent production

Cold
Warm
Hot

Gaseous effluents

Ventilation of containment
building

Ventilation of machine hall
Radioactivity at chimney

52.5 to 83 MW
185 days
26.4 days
13,378 MWd
1,911 MWd
8.9 to 12.5 kg.

Primary

6,000 - 6,800
35-40
10.6- 12.5
2.8
5.5 - 7.0
2 - 6xlO6

20-30
< 10"1

1 2 3 - 147

340 - 453
600
10

< 10"5|aCi.cm'3

10'5 to lO^Ci-cm"3

> 10'VCi.cm'3

38,000 mill'1

83,000 mill'1

5xl0'VCi.cm'3

Secondary

4,000 ± 200
20-30
-
-
5.5 - 6.5
10-s

100
< 10"6

1,371 m 3

12,107 m3

292 m3

Consumption

Electricity

Dcmincralizcd water
Uranium 235

Pool

400
35-45
-
-
5.5 - 6.5
106

20
<io-'

16.8 x 106 kWh

330,658 m 3

16.1 kg

8.3.1.2. Calculation or the reactor loading

Due to the presence of highly absorbing rigs, the loading of several sets ofexpcrimental devices demanding identical conditions, the
test of pre-irradiatcd fuel pins, the routine use of elements containing burnable poisons and the use of different absorbing plugs,
reactor loading determination has become so complex that simple calculation procedures arc no longer feasible.

Consequently, for the calculation of the load and the main characteristics of the core channels, a computer programme adapted to
the S.C.K./C.E.N. IBM 4341 computer was routinely used.

In addition, to improve the determination of irradiation conditions in the reflector channels, the use of the new calculation code
developed in 1980 on tin: basis of the neutron transport theory (three energy groups : < 0.5 cV, E'!, > 0.1 McV) was continued.

To illustrate the difficulties encountered in reactor loading calculations, we may cite the following. During 1982, there were 22 start-
ups, which involved putting into service 271 instrumented rigs (152 in the core, 119 in the reflector) of which 21 were started up for
the first time. In five cases the irradiation conditions did not satisfy certain experiments; the reactor had to be shut down and the
loading modified according to the observations made. In addition, to fulfil the often opposing demands from the various
experiments, it was usually necessary to modify the reactor power during the cycle, and on some occasions, to finish a cycle with one
or more control rods partly inserted. During several unscheduled shut-downs, advantage was taken of the opportunity to modify
reactor loading in order to obtain better irradiation conditions for some rigs.
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8.3.1.3. Evolution of reactor operation

Regular operation with an experimental load began in 1963. Tables 8.9. to 8.11. give a general review of the evolution of the operating
parameters since then.

It should be noted that the continued effort to optimize fuel loading according to the needs of the experiments, has enabled fuel
consumption to be maintained at a remarkably low level. The specific fuel consumption in 1982 was 6 standard elements per 1000
MVVd compared with 4 in 1981,7 in 1980,12 in 1971,12 in 1971 (first routine utilization of cermet type fuel elements) and 23 at the
beginning of reactor operation (with alloy type fuel elements).

As for the future, an attempt will be made to adapt the irradiation capacity and the operating conditions of BR2 according to the
experimental loading planned. The various points now under investigation are :

- the possibilities of irradiating, in BR2, fissile or structural materials for fission and reactors in such a way that irradiation effects
would correspond to those expected in these reactors;
- the irradiation conditions which can be obtained under cadmium or other screens in the central H1 channel or the outer 200 mm
channels, depending on whether the rig is surrounded by a driver fuel clement or not;
- the increase in the maximum hot spot specific power from the present 470 W/cm2 level to 550 or 600 W/cm2;
• the reactor core configuration valiants which would allow irradiation of rigs with high anti-reactivity effect, such as VIC devices
with cadmium screen;
- an improved flow distribution of the reactor primary circuit water coolant in order to avoid difficulties when more power has to be
dissipated;
- measures to enhance the number of positions with high thermal neutron flux in the central channel HI;
- special campaigns of short duration, in order to «arry out some of the safety experiments planned.

TABLE S.9.
Evolution of the operating parameters of the BR2 reactor

A. General data since date of commissioning

Year

1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978

1980*
1981
1982

Total

Configuration

5
5

5 and 6
6
6
6
6
6

6 and 7
7
7

7 and 8
8
8

8 and 9
9
9
9

9 and 10

Number of days
operated

154.5
226.5
189.8
219.8
174.4
213.9
229.3
218.0
203.9
230.4
248.7
217.3
218.8
235.8
240.0
193.0
110.2
217.8
185.0

3 927.1

Nominal power
(M\V)

17-34
34

34-57
57

5 7 - 6 3
58.5 - 67
66.5-71
6 7 - 7 0

70
70 - 73.5
70 - 73.5
70-80

74.5 - 80.5
74.5 - 79.5

77 - 100
83 - 106

78.5 - 99.5
81.5-83
52.5 - 83

Energy
produced
(MWd)

3,292
7,595
8,599

12,576
10,564
13,168
15,155
15,057
14,478
17,568
20,643
16,320
16,487
17,373
19,583
16,477

8,713
18,124
13,378

265,150

* Shut-down of the reactor during 1979 and the first part of 1980 for the replacement of the beryllium matrix.
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TABLE8.lt).
Evolution of the operation parameters of the BR2 reactor

B. Operating analysis 1977 - 1982

1977 1978 1980 1981 1982

days days days days days

REACTOR STATE

Operational
Routine shut-downs
Extension of routine
shut-downs
Unscheduled
shut-downs
Large-scale mainte-
nance work*

240.0
77.0

51.4

29.4

60.3
19.4

12.9

7.4

193.0
56.0

55.8

23.3

58.8
17.1

17.0

7.1

120.2
35.0

42.5

14.8

54.4
17.3

21.0

7.3

217.8
84.0

27.2

12.0

63.9
24.6

8.0

3.5

185.0
77.0

89.3

12.2

50.9
21.2

24.5

3.4

Total 397.8 100 328.1 100 202.5 100 341.0 100 363.5 100

OPERATING COEFFICIENTS

Theoretical
Actual

75
60.3

75
58.8

75
54.4

73.8
63.9

73.8
50.9

' Shut-down of the reactor during 1979 and the first part of 1980 for the replacement of the bcrjllium matrix

TABLE 8.11.
Evolution of the operation parameters of the BR2 realtor

C. Reactor power and uranium consumption

1977 1978 1980 : 1981 19S2

CORE CONFIGURATION

POWER (1)

8 and 9 9 and 10

(1) Read from I6N measuring chain

(2) Thermal balance

(3) Fresh elements loaded in standard channels

* Shut-down of the reactor during 1979 and the first part of 1980 for the replacement of the beryllium matrix

9 and 10

- nominal (MW)
- integrated (MVVd)

URANIUM CONSUMPTION

- mass of 235U (2) g
- number of elements "alloy"

"cermet"

- average apparent burn-up (3) (%)
- specific (3) (elements/103 MWd)

77 to 100
19,583

23,554
-
115+2 Xs
+ 1 Vis
49.1
6.2

83 to 106
16,477

19,819
-
63+2 Xs

73.9
4.1

78.5 to 99.5
8,713

10,481
-
58+1 Vis

42.9
7.0

81.5 to 83
18,124

21,886
2
60+2 Xs

84.0
3.7

52.5 to 83
13,378

16,073
2
78+1 Hin
+ 1 Xs
48.4
6.2
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8.3.2. OPERATING INCIDENTS

The difference between the theoretical value of the operating coefficient (73.8 %) and the value of 50.9 % actually reached, was due
to the loss of 101.5 days, caused by extensions of routine shut-downs, additional intermediate shut-downs and operating incidents
leading to unscheduled shut-downs.

Additional intermediate shut-downs and extensions of routine shut-downs caused the loss of 89.3 days, as follows :

Christmas and summer holidays
(reduction of the weekly working time) 34.5 %
request of the experimental programme
(mainly TRIBULATION, GSB loop, MOL 18 AI) 29.7 %
physics measurements at low power 13.8 %
- neutron flux distribution (modification
of the reactor core configuration)
- reactivity measurements of burnt fuel elements
- anti-reactivity effect of experimental devices
- calibration of the control rods
miscellaneous 22.0 %
- beryllium matrix inspection
- various maintenance works
(heat exchangers, primary pumps)
- strike of S.C.K./C.E.N. personnel

There were 12 unscheduled shut-downs, which involved a loss of running time of 292.8 hours, i.e. 12.2 days. Table 8.12. gives details.

In 1982, no unscheduled shut-down was due to release of fission products by the BR2 fuel elements. As compared to previous years,
the situation was improved; only two fuel elements were found defective in 1982, at a mean burn-up of54 % and 56 %, respectively.
It has to be mentioned that, since the BR2 restart after the beryllium matrix replacement (mid-1980), the choice of the fuel elements
for each reactor loading is done more strictly, so that the fuel elements reach their elimination burn-up in the shortest possible
interval. In addition, among the 171 new fresh fuel elements loaded since mid-1980, only one fuel clement was found defective.
According to the post-irradiation examination of this fuel element, the defect was at the end of a plate, probably due to a dog boning
effect.

TABLE S.I2.
BR2 - Operating incidents (unscheduled shut-downs)

Type of incident

Control rod failures
Heat exchanger leaks
Fission products in
the primary circuit
Other reactor equip-
ment failures
Human errors
Experiments
- irradiation condi-
tions not satis-
factory
- rig or out-of-pile
equipment failure

Total

1

Numbc

4
-

1

4
3

5

3

20

977

• Duration
(h)

151.1
-

215.6

44.0
46.1

201.3

47.2

705.3

Numb

2
-

2

1
5

3

3

16

1978

er Duration
(h)

0.3
-

171.0

50.0
52.6

163.3

121.2

558.4

1980

Number

-

1

2
-

1

1

5

Duration
(h)

-

79.9

151.4
-

56.9

66.1

354.3

Numt

4
-

2

2
-

1

1

10

1981

>cr Duration
(h)

48.2
-

69.6

149.2
-

22.5

-

289.5

19S2

Number

2
-

-

1 *
2

5

2

12

Duration
(h)

50.1
-

-

52.4
-

190.1

0.2

292.8

* Shut-down of the reactor during 1979 and first part of 1980 for beryllium matrix replacement

** Break-down of the 10 kV electrical supply

8-15



During the cycle 2/82. the access to some areas in the reactor containment building has been restricted due to activity release in the
various circuits of the GSB loop, a fuel assembly containing a fuel pin with an artificial cladding defect having been loaded into the
in-pile section (HELM 2A campaign). Additional shielding was installed around some of the out-of-pile equipment of the loop and
the campaign could be resumed normally.

Several difficulties were encountered, in 1982, with irradiation devices using3He as neutron screen: in particular, releases of tritium
into the reactor containment building were observed. Modifications of the procedures and of the out-of-pile equipment enabled the
irradiation campaigns, interrupted by these incidents, to be resumed in 1982. Nevertheless, the incrca.se of the number of these 3Hc
circuits used for power transients requires appropriate operation procedures and regular checks of the tightness of the various
circuits in order to avoid tritium release in the areas normally accessible to personnel.

In addition, safety analyses arc being carried out and special precautions arc being taken so that this new risk is maintained as low
as possible. Also in the hot cells, during the dismantling of the Mol 18-A1 experiment, which comprised a 3He screen, difficulties
were encountered due to important tritium contamination of various internal parts.

8.3.3. REACTOR EQUIPMENT

The main heat exchangers presented no special operating difficulties from the point of view of heat transfer. At the end of 1981,
evaluation of the activity in the secondary water had indicated an increasing leak between primary and secondary sides. During the
shut-down 1/82A, two tubes were found leaking in the North heat exchanger and were plugged. During the shut-down 5/82A, the
secondary side of the Central and the South heat exchangers was visually examined. Sonic foreign materials (mainly plastic debris
resulting from maintenance works at the cooling towers) were found at the inlet side, but no other abnormal features could be
observed.

Various tasks were carried out. either to facilitate the use of the reactor installation by the experimenters or to improve the
performance, safety and knowledge of operation characteristics of the reactor. The most important tasks were the following :

- test of the tightness of the containment building;
- inspection of the beryllium matrix;
- installation, in the reactor pool, of an underwater TV camera in order to examine the load of the different reactor channels before
loading;
- continuation of the modernization and improvement of the reactor control instrumentation and health physics equipment: as
examples we may cite :
- installation of mechanisms for two new start-up chambers (D3 & D4);
- installation of a special gas circuit for the tritium monitors;
- in service-tests of the second series of ionization chambers of the new gamma monitoring systems for the reactor containment
building;
- completion of the installation of a platform on the 4th floor of the reactor containment building (additional room for experimental
out-of-pile equipment);
- continuation with the preparation of 6 mobile FAFNIR simulators (absorber devices);
- study of the motorization of the calorimctric probes;
- continuation of the installation of a data acquisition system for monitoring the BR2 installations (reactor, process, ventilation
system, diescl, hot-cells);
- commissioning of special fences and guard-house for the protection of the BR2 installations.

8.3.4. REACTOR UTILIZATION

On average, 61 reactor channels were occupied by experimental equipment, compared with 68 in 1981 (sec Fig. 8.4.). The average
distribution of use of the channels is given in Table 8.13.

Fig. 8.5. shows the relative importance of the various types of irradiations which took place in the core and reflector, excluding the
multipurpose devices, measuring probes, beryllium matrix samples, and the absorber rigs necessary to balance the reactor loading.

This distribution is based on the fast irradiation units (UIR) produced: a U.I.R. is defined as the product of a unit of volume (1 cm3)
multiplied by an integrated dose of fast neutrons (E > 100 keV) of 102nn/cm2. The fast flux is used because utilization of the reactor is
mainly directed towards irradiation programmes requiring fast neutron fluxes; in 1982, irradiations for the sodium cooled fast
reactor programme accounted for 43 % of reactor utilization, and irradiations for the gas cooled fast reactor and high temperature
gas reactor programmes for 34 %.
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Fig. S.-f. BR2 Average number of reactor channels occupied Fig. S.5. Utilbation of the BR2 reactor in 1982
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TABLE S.I3.
BR2 - Average distribution of use of the channels

Purpose

1. In the pressure vessel
Study of radiation effects
- fuel and fuel pins
- structural material

Transmutation programmes
- production of actinium
and transplutonium elements
- cobalt 60
- various radioisotopes
Multi-purpose equipment
(rabbit, self-service thimble)
Measuring probes and mock-ups
Beryllium matrix samples

2. Outside the pressure vessel
Fundamental physics research
Multi-purpose equipment
(pool tubes, neutron-radiography,
gamma irradiation)

Total

1975

25
9

-
3
3

2
15
5

7
2

71

1976

26
8

-
4
3

2
18
6

7
3

77

Number
1977

23
4

-
5
4

2
19
8

7
3

75

of channels
1978

21
2

-
6
4

2
23

7

7
6

78

occupied
1980

15
2

1
5
2

3
17
12

7
3

67

1981

16
2

1
7
3

3
14
12

7
3

68

1982

7
6

-
11
3

3
9

12

7
3

61

The graphs in Fig. 8.6. represent the evolution of reactor use from 1963 to December 1982; they show :

- the total number of channels occupied each cycle in the core, the reflector and the pool;
- the hourly production in the core and in the reflector (excluding the hydraulic rabbit, the DGR device, the self-service thimbles DG
36, the measuring probes, the beryllium samples and the absorber models);
- the annual production in the core and in the reflector (on the same basis as the hourly production).
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Fig. 5.6. Evolution of the occupation of the BR2 reactor from Jamiary 1963 to December 1974
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Fig. S.6. Evolution of the occupation of the BR2 reactor from January 1975 to December 1982
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1165
58

1133
57

1147
59

1001
51

1353
71

912
48

1143
60

973
51

1347
71

742
39

8.4. HOT LABORATORIES

8.4.1. VERY HIGH ACTIVITY CELL (60,000 Ci - 3 MeV)
(A. Geoffroy, F. Leonard, C. Lambiet)

The utilization factor of the cells was similar to that reached in previous years. The evolution of cell occupation is given in Table 8.14.

TABLE 8.14.

1978 1979 1980 1981 1982

Dismantling cell
- occupation (h)
- utilization factor ('%)
Observation cell
- occupation (h)
- utilization factor (%)

The main work carried out in the dismantling cell consisted of the following operations.

Dismantling of
- sodium or NaK filled rigs containing fuel pins or structural material samples;
- swept loops for the irradiation of coated particles;
- baskets for the irradiation of fuel pins, directly cooled by the BR2 primary cooling water;
- baskets containing pressure vessel steel surveillance samples from power reactors.
Reloading of fuel pins into irradiation rigs.
Preparation of the HELM 2A campaign in the GSB helium loop.
Preparation of irradiated KNK II fuel pins to be used for the MOL 7C programme (decontamination, adjustment of the diameters).
Handling of aluminium capsules containing cobalt grains or discs, irradiated in BR2 control rods or in standard irradiation rigs.
Transfer and disposal of old 6<)Co sources.

The main work carried out in the observation cell was related to non-destructive measurements on irradiated fuel pins extracted
from BR2 irradiation devices and BR3 fuel elements, e.g. visual inspection with photography, dimensional measurements, weight
measurements, autognmmagraphy and leak test (dry sipping). The autogammagraphies were carried out by means of a Ge-Li
detector and with the support of the Reactor Physics department.

Several times, cell operation was interrupted for decontamination, maintenance work and improvement of the equipment.
Examples are :
- preparation of storage facilities in the -1.98 m level cell;
- replacement of the control panel of the heavy manipulator Vickers.

8.4.2. MEDIUM ACTIVITY LABORATORY

The work performed in the medium activity laboratory (L.M.A.) is described in chapter 9.
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8.5. REACTOR PHYSICS STUDIES IN SUPPORT OF THE IRRADIATION
PROGRAMME AND OF THE REACTOR OPERATION

(J. Dcbrue, Ch. Dc Racdt, L. Fouarge, L. Lccnders, N. Macnc, R. Mcnil, H. Tourwc, Y. Bortels, P . Vanmechelen, .1. Vincent)

The reactor physics studies carried out in support of the irradiations and of the reactor operation include :
- calculations and/or measurements in BRO2 for PAHR, VIC, MOL 7D and other fast reactor irradiation programmes, for the
optimization of the 244Pu and l92Ir production and for fusion materials testing programmes such as FAFUMA;
- core configuration studies in preparation of the operation of the BR2 reactor with configuration 10, as well as routine dosimetry.

8.5.1. IRRADIATION DEVICES

- In connection with the PAHR (Post Accident Heat Removal) experiments (par. 1.4.2.), the neutron and gamma calculations were
continued with a view to optimizing the device from the nuclear point of view: most adequate power level in the fuel particle bed and
flattest possible radial power distribution. To this end, the enrichment of the uranium in the fuel particles was determined (10 %), as
well as the type and the location of the neutron and gamma screens. A power ratio between the axis and the border of the bed of
about 0.8 can thus be obtained, according to the calculations.

- The calculations and BRO2 measurements performed for the VIC (Variable Irradiation Conditions) device were described in the
1981 annual report. They have been presented at the International Meeting on Irradiation Technology. Grenoble, Scpt.-Oct. 1982
[465].

-The comparison between dosimetry results and ncutronic calculations for the MOL 7D loop was pursued This ioop contained 19
sodium cooled UO2-PuO2 fuel pins with Pu/(U + Pu) -30 % and 235U/U -83 % and was irradiated in BR2 from June 1975 till
October 1976, up to a burn-up of about 75,000 MWd/l. The experimental dosimetry work concerned the pin to pin variation of the
fission rate, the neutron flucncc and the helium production in the cladding tubes. Non-destructive and destructive techniques were
applied. Numerous dosimeters located on the wrapper tube surrounding the fuel bundle were also measured. Much of the work
done was already reported in paragraph 1.3.3. of the 1981 annual report. More complete results were presented at the 4th ASTM-
EURATOM Symposium on Reactor Dosimetry, NBS, Gaithersburg March 1982 [292]. Four main types of results were analysed:
i. fission, helium production and 55Co(n,y) reaction rates in dosimeters located on the wrapper tube;
ii. radial distributions, over the fuel pin bundle, of the fissions in the fuel pins and of the helium production and 59Co(n,v) and
54Fe(n,p) reaction rates in the claddings;
iii. fuel pin bundle averaged values of the helium production and of the 59Co(n,v) and S4Fc(n,p) reaction rates;
iv. radial distributions of variou.s reaction rates over the fuel pin bundle and the wrapper tube.

Satisfactory agreement was in general obtained between calculation and measurements, except for the helium production in the pin
stainless steel claddings which was underestimated by about 25 "/„ in the calculation (this is partially explained by an
underestimation of the fast neutron flux by about 15 % in the calculation, the helium production in Fc, Cr and Ni being due for 60 "/„
to fast neutrons). Moreover, the difficulty of using 23RU(n,f) and 237Np(n,f) as fission dosimeters for long-term irradiations was
confirmed by reason of the important burn-up and transmutation in these materials (sec also par. 1.3.2.).

Fuel burn-up data were obtained from radiochemical measurements as mentioned in paragraph 1.1.2. Their ncutronic
interpretation still remains to be done.

- Due to the shut-down of RAPSODIE, other reactors enabling the testing of fuel pins under conditions equal or near to those in fast
reactors have to be chosen in order to continue the experiments. As BR2 is a candidate for these irradiations, the neutron
characteristics (power levels and radial depressions) that would be obtained when irradiating CEA fast reactor fuel pins ofvarious
types and burn-up levels, in BR2 devices such as FAFNIR, VIC and large loops of the MOL 7 types, were determined by calculation
and transmitted to the CEA authorities.

-In 1980 and 1981, sixteen samples (weighing each 1 mg)ofPuO2, highly enriched in 242Pu, were irradiated in capsules in BR2 for SS
and 177 days, in the HI channel and in theC141 channel, with the purpose of investigating the optimum production conditions of
244Pu. The results of the radiochemical analysis of the irradiated samples, indicated as main transuranium nuclidcs formed 244Pu,
243Am and 244Cm. The yields measured (see par. 9.4.2.1.1.) of these nuclidcs, together with the remaining 242Pu, have been
compared with the calculated yields. When one takes into account the very strong self-shielding of the 2.67 cV resonance of 242Pu,
one obtains a reasonable agreement between calculations and measurements. The results of this study were presented at the
International Conference on Nuclear Data for Science and Technology at Antwerp, Sept. 1982 [432].
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- In order to increase the production of iridium-192 in BR2, as is required in a near future, an experimental study was started in the
BR02 reactor.
The high specific activity requested for iridium-192 can only be obtained by irradiating the target in the central channel H1 of BR2,
filled with a 200 mm diameter beryllium plug. In the present situation, each of the three ip 84 mm channels in this plug contains one
radiosotope basket surrounded by beryllium. It is intended to increase the number of baskets up to six (or nine) in HI; a
modification of the structural pieces is therefore necessary. This modification and the shadowing effects of neighbouring baskets
will reduce the neutron flux. A parametric study is necessary to examine the various aspects of the problem. A simulation of different
basket arrangements is realized in BRO2; iridium capsules, identical with those irradiated in BR2, arc available for the
measurements, which are performed by means of a highly efficient Gc-Li detector after irradiation at low flux in BRO2.

- For the future FAFUMA (FAtiguc of FUsion reactor MAtcrials) irradiation programme, measurements were carried out in
channel B180 of configuration 21E1 of BR02, in order to determine the decrease of the thermal flux when substituting an aluminium
plug (simulation of the FAFUMA device) for one made of beryllium. More in general and as part of the study of the irradiation
conditions for the testing of fusion materials in materials testing fission reactors, an irradiation campaign of pure nickel in BR2 was
carried out.

Six capsules containing nickel samples and adequate dosimeters were loaded in a RA25 basket and irradiated for about 90 EFPD.
Analyses of some samples were then started while the other capsules, together with two new, were further irradiated. The purpose
of the irradiation is to check the calculated dpa/hclium production ratios, and more particularly, to investigate the enhancement of
the helium production due to a prc-irradiation in a thermal neutron flux, favouring the two-step nickel reaction
58Ni(n,y)59Ni(n,a)56Fc[22] (Sec also paragraph 5.3.).

8.5.2. REACTOR OPERATION

Measurements in BRO2

The study of the BR2 cor" configuration 10 was pursued in BRO2, in preparation of the modification of the BR2 loading. Neutron
flux distributions and reactivity effects were measured in different variants of the reference configuration (scries 21A to 21E in
BRO2). The new BR2 configuration is designed to accept a VIC (Variable Irradiation Conditions) experiment in channel D180,
according to the specifications related to the irradiation of 6 mm and 7.6 mm diameter mixed oxide fast reactor fuel pins.

BR2 irradiations at low power

The fuel configuration 10 was studied at the beginning of BR2 cycle 5/82 (August 1982) with an irradiation at low power ( -1 M\V).
Thermal neutron flux measurements were performed by loading Co detectors in 18 fuel channels and 23 reflector channels. Each
channel contained 12 Co detectors: 9 bare and 3 with Cd cover. The absolute irradiation has been postponed till mid-19S3.

Routine measurements for BR2 neutron dosimctry

During each BR2 cycle, different reflector and core channels were loaded with 1 %Co/Al, 1 %Ag/Al and Ti activation detectors for
thermal, epithermal and fast neutron measurements. The Co detectors are measured by means of on ionization chamber, while the
Ti foils arc counted with a Gc(Li). The results of these measurements arc used by the BR2 exploitation group to validate its semi-
empirical reactor codes.

TABLE 8.15
Review of the loading in the different BR2 channels in 1982

BR2 cycle 1/82 2/82 3/82 4/82 5/82 6/82 7/82

Number of
core channels 5
Number of
reflector channels 5 3 4 5 - 6
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Chapter 9

SUPPORTING ACTIVITIES AND SERVICES

9.1. REACTOR PHYSICS AND APPLIED MATHEMATICS

9.1.1. THE BR1 REACTOR
(J. D^hrue, R. Menil, J. Van Dijck)

During 1982, the reactor was in operation for 1084 h, at power levels ranging from 10 \V to 1.0 M\V; the reactor was started 279
times and the maximum thermal fluence reached 8.57 x 1017n.cm*2, corresponding to a total energy release of 603 MWh. 181
samples were irradiated in the experimental devices, mainly for neutron activation analysis. About 60 % of these irradiations were
made on behalf of external customers : industry (industrial control and R&D research) and universities (air and water pollution,
biological studies). The other samples were irradiated at the request of S.C.K./C.E.N. departcments for calibration of nuclear
techniques.

The experimental facilities continued to be used in support of several intcrlaboratory programmes in the fields of LWR pressure
vessel surveillance dosimetry, fast reactor physics, fusion research and neutron radiography intcrcomparison.

In the framework of the DEBENE-CEA fast reactor programme, the neutron sensitivity of thcrmoluminesccnt gamma dosimeters,
as used in the M ASURCA reactor (Cadarache), is being investigated. CEA fission chambers monitoring the power in this reactor
were calibrated with respect to absolute NBS fission chambers (par. 1.3.1.1.).

The simulation of (D,D) neutron measurement conditions in JET was realized by means of a fast pneumatic rabbit inserted in the
235U fission spectrum facility. Fissile targets irradiated in this facility were measured by means of 3Hc counters embedded in
polythene to detect the delayed neutron emission (par. 5.3.3.).

In the framework of the EURATOM Neutron Radiography Testing programme, irradiations at channel DX25 were continued in
order to determine the image quality level and to standardize the methods for quantitative image analysis.
Measurements on other neutron beams were performed by :
- the R.U.Gent, for the calibration of detectors used in the study of photofission and spontaneous fission in 244Pu;
- C.B.N.M. for the determination of fission product yields from spontaneous fission in 24üPu;
- S.C.K./C.E.N. for testing the homogeneity of cadmium deposits on stainless steel as requested for the PAHR experiments in BR2
(par. 1.4.2.).

The reactor was also used for the training of students. The programme of exercises consists of a scries of measurements: critical
state, calibration of control rods, neutron spectrum characterization, determination of reactivity temperature coefficients; it
includes the possibility for the trainees to operate the reactor at low power.

9.1.2. THE TRIGA MARK II REACTOR AT CREN-KINSHASA
(M. De Proost, L. Lecnders)

As the three year contract between S.C.K./C.E.N. and the Belgian Government, in fulfilment of an agreement between the Republic
of Zaire and Belgium, was terminated by 30th June 1982, no technical mission was carried out.

As decided during the preceding mission, a new safety channel has been ordered, delivered and checked by S.C.K./C.E.N., for the
account of ABOS/AGCD. This safety channel will be installed as soon as the next technical mission will be possible.

9.1.3. TEACHING OF NUCLEAR TECHNIQUES AT CREN-KINSHASA
(L. Lccndcrs)

The evaluation report devoted to the design of a Teaching Laboratory of Nuclear Techniques was published by IAEA and
transmitted to the government of Zai'rc for approval.

9-1



In the meantime, both 1AF. A. for the scientific material, and CREN-K for the completion of the building infrastructure, started with
the work as proposed in the report.

According to the progress of this preparation work, this laboratory could be made operational during 1983, but no longer during the
academic year 1982-83 as originally planned.

9.2. INFORMATICS

These supporting activities mainly concerned computer services and mathematical analysis.

Computer services include both hardware and software services with the following main computer applications :
- installation, programming and maintenance of computer systems for on-line data acquisition and processing;
- operation of the IBM 370/148-168-4341 computer network;
- programmation and implementation of computing programmes;
- storage and retrieval of scientific, technical and administrative data;
- implementation of simulations on an AD511 hybrid computer system.

Mathematical analysis as support to the research programmes, mainly consists of mathematical modelling for simulation of
problems and for analysis of experimental data.

9.2.1. COMPUTER SERVICES
(R. Caron, U.R. Deckers, I.. I)e Corte, J.F. De Greef, II. Depuydl, G. Pcperstraete, R. Schoonku, J. Vandcnee, G. Van Roosbroecki

Hardware services

Maintenance, installation, design and operation services were provided for several on-line minicomputers and their peripheral
equipment. The same services were provided for the several data communication lines of the computer network.

Software services

Software services, including the maintenance of basic and application software, were provided for several projects and tasks.
Programming support was supplied in particular for the following items :
- detailed and general purpose procedures and routines for VM 370 users;
- implementation of large nuclear safety computer codes;
- real-time computers for nuclear measurements;
- real-time computer control for air pollution measurements and data banks;
- accountancy of fissile materials;
- accountancy and conservation of energy;
- implementation of process computer control systems;
• industrial support;
- simulation of processes.

Computer network equipment

In 1982, an IBM 4341 Mod. 2 was installed replacing the IBM 148.

The actual equipment of the network is composed of:
- an IBM 4341/2 with 8 Mbytes of core memory;
- a disk storage (3370) of about 5000 Mbytes:
- a lineprinter 3202 of 1100 1/m.;
- a card reader of 750 c/m.;
- a link to the IBM 370/168 of CIV/CTI, Brussels;
- several display stations, typewriters and a TEKTRONIX graphical display on-line with the computer;
- an on-line plotting device VERSATEC.
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9.2.2. MATHEMATICAL SUPPORT
(J.F. Dc Grccf, G. Spauwcn. J. Van der Parrcn, G. Van Roosbroeck)

Mathematical support was given for simulation and analysis work for the following topics :
- cooling towers;
- energy systems;
- energy conservation;
- nuclear power plant simulation;
- superconductivity systems;
- statistical analysis of data from chronic toxicity. pcrinatality. fertility, cmbrionic toxicity test;
- scawater desalination.

9.2.3. SIMULATOR
(J.F. De Greef)

The programmation of the available computer models on the Hybrid Computer System for the simulation of a I'WR power plant
progressed in 1982.

The most important part consists of the simulation of the PWR at full power operation and at zero power operation, the first
versions of which were improved. Second versions of the PWR elaborated in 1981 have been tested in 1982.

In the same way and with the same computer programme, a version simulating BR2 has been prepared in 1982.

9.3. METALLURGY AND PLUTONIUM FUEL GROUP

9.3.1. METALLURGY ANALYTICAL SERVICES
(J. Pelsmackers)

X-ray diffraction analysis
(J. Pelsmaekers)

Contributions have been made for the studies of
- glassy forms for waste disposal;
- corrosion in clay related to the conditioning of cladding waste;
- cold working on powders and canning materials.

Scanning Electron Microscopy
Energy Dispersive Analysis of X-rays.
(L. Knacpcn)

The SEM- and EDAX-scrvicc mainly contributed to the following projects :
- quality control of fcrritic steel tubes;
- powder preparation for ferritic steel fabrication;
- development of electrodes for fuel cells and hydrogen production;
- quality control and characterization of waste glasses;
- quality control of superconductors;
- corrosion behaviour of steels and other materials in lithium;
- corrosion study of candidate materials for geological waste disposal.

Electron microprobe
(A. Cools)

The electron microprobe investigations contributed to the following programmes and studies :
- qualitative and quantitative analysis of deposits on electrodes (hydrogen and fuel cell programmes);
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- lithium corrosion of steels;
- qualitative and quantitative analysis of PAHR samples;
- study of different glasses and steels in contact with clay and clay water;
- examination of glassy waste products;
- a number of analyses performed on behalf of other departments and companies (BR2, Technology, Eurochcnuc, Docl. FBI-C).

Optical microscopy

The laboratory has examined 2101 samples, mainly concerning the programmes of ferritic steels, superconductors, solar energy,
glassy waste products and corrosion.

Avger electron spectroscopy
(.1. Pclsmackcrs)

Aucer electron spcctromctric analysis has been done for the study of glassy waste products, for the study of candidate canister
materials after corrosion in clay and clay water, and for the determination of all kinds of surface layers (surface reactions on steels,
collector plates for solar energy, superconductors).

9.3.2. PLUTONIUM LABORATORIES
(A..1. Flipot)

Fissile material accountancy
(G. Verstappen)

A computerized information system for the management of fissile materials has been developed. This information system is suited
for managing fissile materials in complex nuclear installations.

The system satisfies the following requirements:
a) for each material balance area in the installation, a set of standard independent accountancy files and procedures permits the
management of fissile materials according to the official existing regulations;
b) with a set of standard procedures, the custodian himself can directly carry out all the necessary bookings on a real-time basis in
his accountancy files. These procedures can cope with all the details of the existing regulations.

The software package fulfills all the aspects of the existing regulations and can be extended to specific demands.

With the implementation of this package, the complexity of the regulations has become transparant to both the MBA custodian and
the accountancy supervisor. Asa result, the accountancy of the fissile material in a complex nuclear installation can be administered
with a set of standard procedures. The analysis of this information system has been partly carried out with the SDM method
(System Development Method) and the package has been coded in Fortran and Excc-2 language.

A total of 19 accountancy systems arc now operational in our present network structure. This represents 6 MBA's and 13
subMBA's. The network is operational on the S.C.K/C.E.N. IBM 4341 computer under VM/CMS.

Variable dead time counter measurements of plutonium
(R. Carchon)

The VDC was calibrated. Pure PuO2 powder containers were used, varying in weight from 5 g tot 900 g, representing a 240Pu
equivalent mass from 1 g to 176 g. A least squares analysis clearly shows a deviation from a straight line for higher Pu-contcnts (500
g and more), which confirms the Harwell results.

As the VDC is intended to measure waste from the Pu laboratories, and as waste drums have to be limited to 2 g plutonium content
and exceptionally to 5 g, a straight line has been adopted that suited well up to 300 g Pu. In order to check the reproducibility of the
instrument, 5 series of 27 small pins (made earlier for calorimeter measurements) were used. They were 5.2. cm long and 7.6 mm in
diameter, with different weights between 0.5 g and 5 g. They were carefully characterized. One series was made of pure PuO,, the
others from mixed oxide with various plutonium isotopic compositions and different uranium enrichment.

Measurements were performed and are still going on. Statistical tests were included to arrive at a final concensus for measuring
waste drums with great reliability.
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Software programmes

a) Data treatment for Pu thermal analysis
(G. Verstappen, R. Gilisscn)

The Pu high-temperature dilatomctcr is used continuously for characterizing the various products. Using past experience in data
interpretation, the software programme for the data treatment of the dilatometer has been thoroughly adapted and extended,
making interpretation of results less time consuming.

b) Information system for sea dumping of conditioned waste
(G. Verstappen)

A computerized information system for the sea dumping of waste material has been set up. A set of computer programmes has been
developed, running on the IBM computer of S.C.K./C.E.N. First of all, all the relevant data of the conditioned waste material has
been gathered and stored on magnetic discs. With the computer programmes, these files could be consulted for preparing the
transport of the material and for the necessary reporting to the competent authorities.

Welding services
(J. Sleurs)

More than 200 pressurized capsules (from 30 to 275 bar) of different diameters have been made in fcrritic steel for creep tests.
Another 120 pressurized capsules in different canning materials have been welded for a foreign firm.

Controls
(P. Diels. F. Luyckx)

Pu determination on PuO2 and mixed oxide samples have been performed by constant potential coulomctry as part of the SALE
programme. The results arc very satisfactory : a mean bias of only -0.007 "/„ and + 0.031 % was reported for the PuO-, and mixed
oxide sample, respectively.

9.4. CHEMISTRY
(L.II. Bactsle)

The chemistry laboratories have been further equipped with advanced analytical and radiochemical equipment, such as a
gaschromatograph mass spectrometer, a triple 4000 channel analyser and an inductively coupled plasma torch.

The existing equipment has been adapted to the generalized use of microprocessors, both as read out and data processing systems.

9.4.1. ANALYTICAL CHEMISTRY
(K.M. Licvens)

9.4.1.1. Analyses
(F.M. Lievens, I. Dclcspaiil, J. Remy-Defraigne, T. Rymen, L. Vandetelde)

During 1982, the Analytical Chemistry Service has analysed 3616 samples and carried out 14,080 chemical and physico-chemical
determinations using the techniques and instrumentations listed in Table 9.1. These analyses concerned :
- reactor cooling water 2577
- KR3 reactor 510
- BR2 reactor 6
- LMA 40
- nuclear fuels 710
- FLK incinerator 2190
- geological disposal 383
- alcali metal coolant 105
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TABLE 9.1.
Chemical analyses carried mil in I9S2

SAMPLES DETERMINATIONS

Wet chemical analyses 624 1996
Physico-chemical analyses 709 772
Gas chromato£r;!|>hy 267 506
Ion chromatography 308 948
Atomic emission spectromctry 472 3812
Atomic absorption spectromctry 1324 2158
Inductively coupled plasma torch 556 2655
X-Ray fluorescence spectromctry 26 87
Gas mass spectrometry 60 171
Spark source mass spectrometry 28 975

• water effluents 872
- various leach .solutions 2324
- fcrritic steels 559
- various gasscs 42
- biological materials 36
- heavy metal pollution control 873
- organic pollutants and tracers 70
- organic syntheses 245
- support to the industry 1370
- miscellaneous 1177

9.4.1.2. Analytical support to the survey of BR3 coolant
(J. Remy-Defraigne, I. Dclcspuul, L. Vandevclde)

A systematic survey programme has been started in 1981 for the analysis of samples taken at various points of the BR3 circuits.
During the past year, 200 samples have been analysed.

Depending on their radioactivity and on the elements to be determined, the analyses were carried out by atomic emission
spectrometry copper spark (600 determinations), inductively coupled plasma - emission spectromctry (700 determinations), atomic
absorption spectrometry (260 determinations) and wet chemical analysis (100 determinations).

9.4.1.3. Analytical support to the waste incineration
(L. Vandevelde)

Solid and liquid ß-y active samples taken at various points of the incinerator and its off-gas circuit were analysed for their cation,
anion and carbon content.

Atomic emission spectrometry with DC arc excitation was used for the determination of the cation content of the solid samples,
whilst the copper spark excitation was applied to the solutions.

Sodium and potassium in solutions have been determined by atomic absorption spectromctry with the graphite furnace atomizer.

Ion chromatography was used for the analysis of anions. The carbon content of the solid samples was determined by combustion in
oxygen followed by a conductomctric measurement of the evolved C O r

9.4.1.4. Chemical analysis of boron in {{lass
(J. Remy-Defraigne)

For the chemical determination of boron in glass, the sample is most easily dissolved in hydrofluoric acid with the formation of B F4-
ions. This anionic complex, besides its volatility, interferes also in the usual spectrophotometric methods for the determination of
boron.

Using ion chromatography, the BF4- anion, after having been stabilized, can be measured directly to a detection limit of 0.5 ppm in
the solution.
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TADLE 9.2.
Matrix effects on zinc ()/„ line intensity)

HC1
HNO,
H2SO4

NaCl
CaCO3

0.1 M

9 5 %
92%
95 %

0.1 % W

95 %
9 5 %

1.0 M

80%
79%
77%

1.0 %W

87%
84%

5.0 M

7 3 %
67 %
49%

5 % W

70%
68 %

Applied to samples of borosilicatc glass, this analytical method allowed the determination of boron for all concentrations above 500
ppm, the minimum sample requirement being 10 mg.

9.4.1.5. Ion chromatograpliy for rndioncthe samples
(F. Licvcns, L. Vandc\elde)

Considering the increasing number of requests for the determination of anions in radioactive samples, an ion Chromatograph has
been constructed.

The apparatus has been used until now for the analysis of p-y contaminated samples.

A similar apparatus is under construction fora active material. In this case, the sample injection valve, the clution columns and the
conductimetric detector are enclosed in a glove box.

The detection limits arc : 0.2 ppm F , 1 ppm Cl", 4 ppm NO3\ 5 ppm PO-'", 5 ppm SO 2 \
4 4

Liquid samples are generally diluted with a 1/10 ratio in the elutant (sodium carbonate and hydrogen-carbonate mixture) prior to be
injected, whilst solid samples are first melted in sodium carbonate and further dissolved in deionized water.

Some 360 anion determinations have been carried out on radioactive samples during the past year.

9.4.1.6. Analytical support to the chemical control of nuclear fuels
(L. Vandevuliie)

Although the amount of samples arising from the fuel fabrication programme slightly decreased during this period, there was an
increasing demand for the analysis of oxides resulting from recovery and research work (e.g. Cogcpcl).

Some 238 impurity determinations have been carried out.

9.4.1.7. Matrix effects on inductively coupled plasma torch emission spectrometry
(I. Dclcspaul, H. Bogacrts. J. Remy-Defraigne, F. Licvcns)

Inductively coupled plasma torch (ICPT) is less sensitive to the matrix of the analysed sample than atomic absorption spectrometry
(AAS), because of the much higher temperature of the plasma. Nevertheless when the matrix of the sample exceeds 2 %, some
inhibition is possible. A study was made on the effects of the most commonly used acids for dissolving solid materials, and on salts
resulting from melts.

The matrices considered were HC1, HNO3 and H2SO4 at 0.1,1.0 and 5.0 molar concentrations, and NaCl and CaCO3 at 0.1,1.0 and
5.0 % concentrations. The matrix effect was measured for Zn, Cr, Fc, Cu and Ba at the 0.1, 1.0 and 10 ppm level. Pure aqueous
solutions were taken as reference level for the assessment of the matrix effects of the above acids and salts.

Table 9.2. gives the % of the line intensity observed in the indicated matrices with respect to pure water for zinc. The matrix effect is
unacceptable above 1 molar or 1 % and standardization should be done in the presence of the matrix analysed. Many matrix effects
can be avoided simply by diluting the sample, if the detection limit is sufficient low.

The matrix effect on the other cations follov/s the same trend, but is less important.
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9.4.1.8. Gas chroniulogrnpliy
(T. Rymcn)

Packed column gas chromatography

- Several methods were developed allowing the selective quantiative determination of products such as dichlorobcnzyl,
dimethylhydroxylamine, benzene, chlorobenzcne, mcthanol, 0,p'-DDT, p,p'-DDT and tctrachloromethanc.
- According to a method, developed in our laboratory and tested by intcrlaboratory comparison, SFf) calibration mixtures were
prepared, to serve as "back ups" in air pollution monitoring.

High resolution gas chromatography

In order to increase resolution and therefore specificity of gas Chromatographie analyses, two gas chromatographs were adapted to
acconiodatc capillary columns. Methods were set up to separate very complex mixtures of components as regularly encountered in
air pollution research,
encountered in air pollution research.

9.4.1.9. Mass spectrometry
(T. Rymen)

Gas mass spectrometry

- Identification studies were performed on several types of samples such as incineration gases (accidental fire in the bituminization
facility of Eurochemic), samples taken in the neighbourhood of a reactor vessel (Docl) and gases formed by the irradiation of clay.
- Quantitative determinations of chemical and isotopic compositions of gases were performed routinely.

GC-MS

In may 1982, a gas chromatograph-mass spectrometer (5985 B from H.P.) was installed. This instrument combines the high
specificity of capillary column Chromatograph with the ultimate selectivity of mass spectrometric detection. A powerful data system
allows identification of components by comparing their mass spectra with those present in an elaborate spectral library
(NIH/EPA/MSDC library from NBS).

Quantitative analyses can be performed using special scanning techniques (peak jumping or selected ion monitoring), in addition to
external or internal standard calibration procedures.

Using adequate gas Chromatographie conditions as well as proper mass spectrometric ionization techniques (electron impact,
positive ion chemical ionization and negative ion chemical ionization), the lower limits of detection easily reach ppb levels.

Samples analysed until now include :
- identification of organics extracted from ground water;
- air and dust collected in industrial areas: quantitative determination of polyaromatics and polychlorinated biphcnyls:
- gases and dust emitted by municipal incinerators : quantitative determination of polyaromatics, polychlorinatcd biphcnyls,
polychlorophenols, polychlorodibcnzo(p)dioxines and polychlorocibenzofuranes.

Spark source mass spectrography

This instrument was used primarily for the analysis of mixed oxide fuel samples (Bclgonuclcairc) and for ultra trace impurity
determinations in U3Og and PuO2 samples, prepared as standards (BCMN contract). In addition, several irregularly occurring
samples, such as sodium, lithium, sodium hydroxide solutions, ultra pure carbon and all kinds of metals, were analysed.

9.4.2. RADIOCHEMISTRY
(P. De Rogßc)

9.4.2.1. Rndiochemical work under contract

9.4.2.1.1. Reprocessing of irradiated 242PuO2 targets
(P. De Reggc)

In the framework of a contract with CBNM, the results of pilot irradiations of 1 mg samples of242PuO2 have been evaluated and
extrapolated to the irradiation of 100 g 242PuO2 in the BR2 reactor for a total period of 1000 calender days. Detailed calculations of
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transplutonium isotopes ingrowth, decay and fissions has been carried out. The main uncertainty on the extrapolation is due to the
resonance self shielding in 242Pu, which lowers the reaction rate by a factor of 2 to 10 with respect to the value at infinite dilution. The
radiochemical separations have been designed for worst case conditions and to recover Pu, Am and Cm in separate fractions and
free from fission products.

9.4.2.1.2. Analyses of samples for the Safeguards Directorate
(R. Boden, P. Diels, L. Vandcvclde, P. Dc Regge)

In the framework of a contract with the EURATOM Safeguards Directorate, 7 samples have been analysed with high accuracy for
their U, Pu, Am content and isotopic composition.

9.4.2.1.3. Post-irradiation examination of Wcstinghouse fuel irradiated in BR3
(D. Huys, R. Boden, P. De Regge)

In the framework of a contract with Wcstinghouse. 15 burn-up determinations have been carried out. The 54Mn/Fc ratio in Zircaloy
cladding material has been determined in 18 samples.

A pyrohydrolysis procedure for the analysis of boron coated fuel has been adapted for highly radioactive samples. Tests have been
carried out on ZrB2 reference material, yielding a recovery of more than 90 %. The present blank value of about 10 "/„ of the
measured quantity is acceptable, but will further be reduced.

9.4.2.2. Miscellaneous radioclicmical analyses
(D. Huys, R. Boden, P. De Regge)

- For different S.C.K./C.E.N. projects (hulls conditioning, vitrified waste characterization, fuel development), Belgonuclcaire and
Eurochcmic, americium has been determined in 91 samples and plutonium in 84 samples.
- Tritium has been determined in 27 samples for the GSB experiment, and 21 samples for the ART experiment. In 11 samples from
BR2, the distribution HT/HTO has been determined.
- A recalibration of the gamma-spcctromctric equipment has been carried out using reference sources obtained from LMRI and
IRE. Significant differences between the new and the old CBNM reference sources have been observed, which cannot be accounted
for by measurement of uncertainties or decay corrections. The calibration based on the CBNM reference sources has been
preferred, in view of its compatibility with other measurements and international intcrcomparisons during several years. The
discrepancies observed on I.MRI and IRE reference sources arc a cause of concern and have to be further investigated.
- Fifteen metallic samples taken from the primary cooling circuit of the Doel II plant have been assayed by gamma-ray
spnetrometry.
- Programmes have been implemented on the PDP 11 computer to produce certificates for the results of mass spcctromctric and
radiochcmical analyses.
- Burn-up has been determined on four samples remaining from Pu recycled Dodcwaard fuel but outside the scope of the CEC
contract. All chemical separations and mass spectrometric measurements have been completed. The results arc being evaluated.

9.4.2.3. Mass speclrometry of solids
(R. Bodcn, P. De Regge)

A total of 2648 measurements have been carried out on 396 samples, including burn-up determinations, work under contract and
services for different research projects. Orders from nuclear industries have been carried out concerning 34 assays of uranium
isotopic composition, 37 of plutonium isotopic composition and 7 determinations of U and Pu concentration by isotopic dilution.

9.4.2.4. Automation of analytical methods
(F. Ven)

- A new Hall probe for stabilizing the magnetic field of the MM 30 mass spectrometer has been designed and constructed.
Temperature stabilization ensures the heat dissipation of the magnet not to influence the operation of the Hall probe.
- A general purpose system for analytical instruments has been designed and constructed, based on a microcomputer with a VIC
card, a scanner and a digital voltmeter.
- Sample changers for alpha spcctromctric measurements and alpha counting have been modified and adapted to the current
measurement needs.
- The TN 4000 computer-analyser has been equipped with a third input channel for spectrometry, yielding the equivalent of three
independent 4000 channel analysers for gamma or alpha spectrometry.
- Quantitative analyses of gas samples (cladding research, fission gases) were performed using a low resolution, magnetic sector
type, gas mass spectrometer (VG, MM 12). This instrument allows the determination of chemical compositions with a relative
standard deviation of < 2 %, at the 2 a confidence level. The precision obtained in isotopic ratio measurements is always < 1 %, at the
same confidence limit and for all isotopes present, at amounts larger than 10 times the lower limit of detection.
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9.5. LABORATORIES FOR HIGH AND MEDIUM ACTIVITIES (L.HMA)
(A.C. Demildt, P. Reullens. A. Daniels, A. Gys, J. Kctcls, J. Van de Velde, .1. Vandersteene, C. Van Loon, T. Van Ransbeeck)

9.5.1. MISCELLANEOUS SERVICES

In addition to services rendered to S.C.K./C.E.N. programmes, explicitly mentioned elsewhere, LHMA has been involved in the
following activities or R&D programmes :
- PWR pressure vessel surveillance programmes;
- BR3 pressure vessel surveillance;
- examination of the pressure tube material of the GSB experiment;
- tests for the PAHR project on cutting a UO2-Na bed;
- examination of an aluminium tube for BR2;
- tests on cladding tubes of UO2 fuel rods irradiated in BR2 on behalf of INPR-Romania, in the framework of a contract with IAEA;
- post-irradiation work on behalf of Wcstinghouse;
- non-destructive examinations of fuel rods for the TRIBULATION programme.

9.5.2. TECHNICAL SUPPORT

- In the framework of the PWR pressure surveillance programme, the 1000 Ci cell has been put into operation.
- For the FAFUM A programme, preparatory actions have been taken. A hot-cell will be partly dismantled and refurbished. Design
of the a-box and the shielding has started. Files for ordering scientific equipment including the fatigue testing apparatus have been
prepared.
- Installation and testing of equipment for the new metallurgical cells Ml and M2 was continued, in particular :
- installation and control of measuring benches I & II;
- acceptance and tests of the Eddy current equipment;
- design and construction of components of a Gc(Li) detector;
- preparatory files for the measuring bench III and associated X-ray equipment;
- design, construction and mounting of platforms in cell M2;
- contacts with manufacturers for the fabrication of a transfer cask for fuel rods up to 4.5 m.

9.6. PROTECTION
(G. Fieuw, M. Nöe de Mevcrgnies)

9.6.1. HEALTH PHYSICS
(C. Ballaux*, J. Colnrd, .I.P. Culot*, J.P. Dcworm, .1. Dulcino, L. Glioos*, P. Govaerts, G. Koch, J. Mariein, W. Siegers,
Th. Zecvaert, C. Hurtgen)

* CORAPRO

9.6.1.1. Monitoring of personnel, installations and transport

External dosimetry

Personnel monitoring is performed by means of TLD dosimeters, which, since 1st August, arc all scheduled to be worn during the
calender month. The systematic survey of 950 permnnent workers necessitated the analysis of about 20.000 dosimeters. Another
4,500 were put at the disposal of occasional workers and visitors in controlled areas.

The total collective dose reached 2.93 man-Sv. The operation of the Waste Department provided the main contribution with 1.199
man-Sv, including 0.47 nian-Sv due to the dismantling ofradium installations at MHO-Olcn. The rather important increase in dose
for "low risk" installations can be explained by the appointment of workers of the Technical Services to short-term interventions at
the BR3 reactor (Table 9.3.).
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TABLE 9.3.
Annual total collective dose for workers at S.C.K./C.E.N. (1977-1981)

Break-down in different facilities and exposure levels. Qnumber of monitored workers, I man-Sv = 100 man-rein

Installations

BR2
- Administration
- Operating personnel
- Hot-cell facilities
- Contractors experiments
- Technology department in-pile loops

BR3

Waste treatment

Isotope production (Institut national
des Radioelements)

Mixed oxide fuel research laboratories

Health physics department
- Health physics staff
- Administration
-CORAPRO

Medium activity laboratory (LMA)

Low risk of exposure
Very low risk of exposure administra-
tive staff

Total number S.C.K./C.E.N. staff
Non S.C.K./C.E.N. staff with dose
- educational
- contractor workers

Total

1970

man-Sv

0.004
0.165
0.157
0.015
0.009

0.671

0.787

0.303

0.184

0.124
0.001
0.012

0.094

0.108
0.006

0.011
0.165

2.816

(25)
(105)
(10)
(32)
(44)

(62)

(88)

(17)

(66)

(34)
(42)
(8)

(106)

(206)
(512)

(1357)

(9)
(103)

(1469)

1979

man-Sv

0.001
0.267
0.157
0.007
0.002

0.847

0.598

0.147

0.118

0.092
0.001
0.013

0.065

0.084
0.004

0.011
0.179

2.593

(23)
(105)
(9)

(30)
(45)

(63)

(90)

(13)

(62)

(34)
(42)
(8)

(108)

(207)
(531)

(1370)

(9)
(132)

(1511)

1980

man-Sv

0.002
0.278
0.132
0.010
0.002

0.406

0.864

0.055

0.113
0.032
0.015

0.037

0.089
0.007

0.002
0.199

2.243

(21)
(108)
(10)
(24)
(47)

(65)

(98)

(54)

(35)
(43)
(8)

(109)

(204)
(535)

(1361)

(5)
(142)

(1508)

1981

man-Sv

0.003
0.195
0.121
0.001
0.005

1.038

1.076

0.037

0.138
0.024
0.009

0.045

0.156
0.018

0.008
0.229

2.932

(22)
(106)
(10)
(13)
(36)

(55)

(97)

(48)

(34)
(16)
(6)

(79)

(139)
(228)

(889)

(52)
(147)

(1115)

1982

man-Sv

0.011
0.198
C.097
0.003
0.015

0.482

1.189

0.031

0.118
0.014
0.004

0.122

0.297
0.029

0.006
0.316

2.932

(21)
(98)
(9)
(8)
(35)

(58)

(94)

(32)

(34)
(15)
(6)

(77)

(135)
(228)

(850)

(29)
(146)
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TABLE 9.4.
Total animal dose distribution

122
44
31
1

155
60
20

145
59
12

153
35
14

119
52
36

173
46
17

Dose in tnrcm
year 1977 1978 1979 1980 1981 1982

250 - 1,250
1,251 -2,500
2,501 - 5,000

> 5,000

Max. dose (in mrcm) 5,043 3,939 3,267 3,971 4,898 4,060

Doses exceeding 100 mrem/weck or 300 mrcm/month totalled up to 484. The total annual dose distribution is shown in Table 9.4.

The maximum permissible dose was not exceeded. No finger over-exposures were recorded by TL-dosimcters.

Incidents and health physics safety evaluations

Within S.C.K./C.E.N., 165 incidents of minor importance were registered. 19 persons were checked and treated in the
decontamination facility.

Transport

1017 applications for transport authorization of radioactive materials were introduced.

Approval by the Physical Control

During 1982, 63 approvals for new manipulations and experiments, exploitation of new installations or extension of existing
installations were given after examination of the safety reports.

Sea disposal

A sea disposal campaign was carried out in the period from 30th August 1982 until 3rd September 1982.6324 drums, representing a
total weight of 5148 tons, were transported to Zccbrugge, loaded on the Dutch m.v. "Marijke Smit" and "Rijnborg" and finally
dumped in the Atlantic Ocean.

During loading operations, a total dose of about 0.12 man-Sv for 16 workers in Mol and 0.33 man-Sv for 108 workers in Zcebrugge
was recorded.

BR2

The most important issues related to the operation of the BR2 reactor from the point of view of physical control and
radioprotection, were the following.

- The behaviour of tritium generated in 3He screens by neutron absorption.
The major points of concern arc the accumulation of tritium in an oxidized form in the circuit, the tritium transfer outside the
barriers by diffusion and leaks, the behaviour of tritium in the ventilation circuit and the optimization of intervention procedures. A
sampling technique was developed for discrimination of HT and HTO in ambient air.

-The radioprotection of the GSB installations during the irradiation of the HELM 2A fuel element, containing a fuel pin with an
artificial leak.

- The surveillance of the manipulations for the Tribulation programme, which impelled several transfers of irradiated fuel pins, with
a minimum cooling time between the reactor and the BR3 hot cells.

- The issue of the Royal Decree of 29th March 1982, by which additional conditions for the operation of the BR2 reactor arc
imposed.

The collective dose received by the BR2 workers in 1982 amounted up to 0.29 man-Sv.

The average annual dose burden from reactor operation in the period 1965 to 1981 (1979 and 1980 not included, because of the
replacement of the berylium-matrix) was 0.31 man-Sv. The hot-cell workers received a global dose of 0.1 man-Sv. The average
annual dose for the period 1969 - 1981 was 0.12 man-Sv.
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TABLE 9.5.
Mean dose rate levels in mrad.a'1 at Doel, Tihange and S.C.K./C.E.N.

Docl Tihange S.C.K./C.E.N.

1980 46 56 38
1981 49 56 40
1982 48 57 39

BR3

The most important issues from the point of view of physical control and radioprotcction were the following.

- The evaluation of the status of the cmbrittlcmcnt of the reactor vessel.
The authorization to operate with the 4C-corc as scheduled was granted, considering a refinement of the assessment of the fast
neutron flucncc and additional information from the U.S. Nucicar Regulatory Commission.

- The radioprotcction surveillance during the reactor shut-down (16th May 1982 - 14th July 1982). The introduction of the
Tribulation fuel pins impelled the opening and reclosing of the reactor in a rather short period.

The collective dose for the BR3 operation in 1982 amounted up to 0.71 nian-Sv.

9.6.1.2. Environmental monitoring

- The monitoring programme within the vicinity of S.C.K./C.E.N. was continued. Measurements on samples taken twice a month
from sixteen different wells and ponds, revealed no abnormal values.

An exercise flight with a helicopter equipped with a 4" x 4" Nal crystal was organized in order to check the instruments and flight
route. The radiological background at an altitude of 100 m up to a distance of about 10 km from the S.C.K./C.E.N. was registered.

The activity in thirty-one sewage tanks was controlled at least every two weeks. The maximum concentrations allowed were not
exceeded during 1982.

- The environmental dosimeters (TLD), placed in and around the S.C.K./C.E.N. site and changed every three months, showed an
annual background radiation of about 39 mrad.a'1 (Table 9.5.). A minimum dose rate level of 22 mrad.a'1 was recorded above the
water of the Miramar lake and a maximum of 1050 mrad.a"' at PCS5, near the western storage field of the Waste Disposal Plant.

- The 13 environmental dosimeters placed around the nucicar power plant at Tihange, revealed dose rate levels between 46 mrad.a'1

and 65 mrad.a'1, with a mean value of 57 mrad.a'1 (Table 9.5.).

- The 10 environmental dosimeters placed around the nucicar power plant at Docl, showed dose rate levels of between 46 mrad.a'1

and 55 mrad.a'1 with a mean value of 48 mrad.a"1 (Table 9.5.).

-15 environmental dosimeters placed on the banks of the Mol Ncct, Grotc Ncct, Witte Ncet and Kleine Ncct were used to monitor
the external radiation due to sediments contaminated by the liquid effluents released from the Waste Disposal Plant. The dose rate
levels varied between 215 mrad.a'1 (contaminated sediment - Mol Ncct) and 23 mrad.a'1 (non contaminated sediment -Witte Ncet).

- The results of the 34 dosimeters over the Belgian territory confirm those obtained in 1981. This means, the lowest dose rate of 45
mrad.a'1 was measured above the sand of the Kempen region; the highest dose rate of 85 mrad.a"1 above the schistous, dolomite and
limestone layers in the Ardennes.

Neel river basin

- The total weighted radioactivity of the liquid effluents released by the Waste Disposal Plant into the Mol Ncct during 1982 and
determined by using the formula

5(total a) + total ß + 30(90Sr) + 3 (131I) + 300(226R-) )• 0.001(3H),

reached 28 % of the maximum permitted value (4,500 mCi/month). These releases were mainly due to the total ß-activity and the
90Sr activity contributing 53 % and 37 %, respectively, to the total radioactivity released (Table 9.6.). Further analysis showed high
contributions of 60Co (57 %) and 137Cs (19 %) to the total ß-activity. Pu (mainly 239Pu) and Am (mainly 241Am) gave the most
important contribution to the total ß-activity with 43 % and 33 %, respectively.
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TABLE 9.6.
Activities discharged into the Mot Neet River (weighed activities in mCij

Year

1980
1981
1982

Volume
103m3

238
260
223

2 2 6 R a

57
117

54

Total
a

193
145
188

»Sr

6,103
5,406
5,606

•3>I

1,437
672
685

3H

223
374
469

Total
a

5,689
7,986
8,018

Total

13,702
14,700
15,020

Percentage of the
maximum allowed

25
27
28

- Continuous sampling at eight stations in the Mol Nect river basin was continued, so as to evaluate the contribution of the liquid
effluents from the Waste Disposal Plant to the total radioactivity of the Nect water. No abnormal values were registered.

9.6.1.3. Emergency plan organization

The radio broadcast for the residential area, the system f<~ the simultaneous telephone communications, and the radio system for
communication with the helicopter of the Light Aviation of Brasschaat were tested.

A new vehicle, type Landrover jeep, has been acquired and equipped.

An exercise "Phase Amber" has been organized for the cell "External Communications" of the Command Post. Some instructions
for the cell had to be adapted.

In the framework of the national emergency plan organization, S.C.K./C.E.N. took part in meetings and exercises with other
nuclear plants. Technical information has been exchanged.

9.6.1.4. Testing of air filters

//; situ testing of HEPA-filters

The efficiency of HEPA filter banks is routinely checked in-situ once a year and after replacement of filters. In total, 165 filter banks
were tested in different S.C.K./C.E.N. laboratories; 10 of them (6.1 %) showed unacceptable penetrations.

In facilities outside S.C.K./C.E.N., 210 HEPA-filter banks were tested; corrective measures were taken at 20 banks (9.5 %). A
quarter of these filter banks, most of them tandem groups, were tested by means of a laser particle spectrometer set up at the
S.C.K./C.E.N. as a new in-situ filter testing system. Penetrations smaller than 10'6 could be measured (Table 9.7.).

TABLE 9.7.
Statistics on testing of air filters

Year

1980
1981
1982

1980
1981
1982

Number of filter banks
tested at S.C.K./C.E.N.

180
185
165

Number of filter banks
tested outside S.C.K./C.E.N.

60
148
221

Unsatisfactory

Number

13
16
10

18
25
20

filter banks

Percentage

7.2
8.6
6.1

30
17

9.4
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Testing of charcoal filters

A methyl iodide generator was used for testing the charcoal filters in :
- the scrubber at BR2;
- a glove box exhaust in the chemical laboratories;
- the exhaust of a tranfer installation of liquid waste.

9.6.2. RADIATION DOSIMETRY AND CONTROL MEASUREMENTS

9.6.2.1. Personnel dosimetry

9.6.2.1.1. Internal dosimctry

Direct methods
(J. Colard, J.P. Culot*)

• CORAI'RO

During 1982, a total of 1066 body countings have been performed for the survey of internal contamination :
- 944 whole body measurements;
- 31 thyroid examinations for 125"131I and "Tc m detection;
- 37 measurements with the lung proportional counter for Pu assessment;
- 48 lung measurements with the 30 cm cp Nal detector for Th and IJ;
- 6 wound measurements for Pu contamination.

Two cases of 75Sc long-term retention have been followed. An important fraction of 75-scleno mcthioninc, administered for
diagnostic purposes, decays with an effective half-life of 70.6 ± 0.9 days (observed between 261 and 805 days after incorporation).
Taking into account that about 250 uCi 75Sc are injected and that about 50 % remains in the body with this effective half-life, one
concludes that it is always detected during body counting, even 2 years after administration. It disturbs the survey of a person
involved in radioactive work. In particular, the direct assessment of Pu in the chest is strongly disturbed; we observed with our
proportional Xe-CH4 detector that the presence of 1 nCi of 75Sc led to the same counting rate as 4 nCi of 239Pu into the lungs.

Several cases of ThO, lung contamination in the industry are being followed since 7 years. Long effective half-lifes of about 5 years
arc observed.

Two cases of HfO, lung contamination arc also being followed. It appears that the 1CRP model for the clearance from respiratory
system is only valid if HfO, is assigned to the class Y and not to the class \V as proposed by ICRP 30.

Indirect methods
(C. Hurtgen, G. Koch, J. Luysterborg, F. Vcrhoeten, J. Vynckier)

During 1982, a total of 2878 radionuclidc determinations were carried out on urines and other biological samples such as nose-blow
samples and faecal samples. The most important tests were :
- 226Ra : 85 determinations;
- a-cmitter actinides (mainly plutonium and amcricium): 1272 determinations;
- complex mixtures of actinides (two or more actinides simultaneously present in the sample): 240 determinations;
- natural uranium determinations by fluorimctry : 533 determinations;
- 14C and 3H : 278 determinations;
- nose-blow samples (mainly radium-226): 470 determinations.

Most of these measurements was performed on request of the Health Physics Department of the S.C.K./C.E.N. Support was also
given for bio-assay measurements, at the request of Bclgonucleairc, FBFC, EURATOM, the Belgian Universities, Union Minicrc,
Metallurgie Hoboken Overpelt, etc.

9.6.2.1.2. External dosimetry
(L. Ghoos)*

•CORAPRO

The official document was received by which the thcrmolumincscent doscmeter is accepted by the Ministry of Labour and
Employment.
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Since 1st August 1982, all personal doscmctcrs at S.C.K./C.E.N. are handled on the basis of a monthly exchange period: 900 for
permanent workers and about 400 at the disposal of occasional workers. This amounts to about 16,000 doscmcter controls a year.

About 6,000 extremity dosemeters are treated every year. They are manipulated manually, whereas personal dosimetry has been
completely automated.

For the sea dumping campaign, 300 thcrmolumincsccnt personal doscmcters have been used.«

About 45,000 film dosemeters have been delivered to customers outside S.C.K./C.E.N. From January 1983 on, they also will receive
the thcrmolumincsccnt dosemeters.

We participated in an intercomparison campaign organized by CEC, in which our thermolumincsccnt doscmctcrs were irradiated
with 60Co and 83 kcV X-rays : our results for phantom-irradiations arc within 12 % of the given doses.

9.6.2.2. Environmental Dosimetry and Control

9.6.2.2.1. Nuclear spectromctry measurements
(J. Colard, J.P. Culot*)

• CORAPRO

As regards routine measurements, 3769 samples have been analysed by
y-spectromctry with Ge(Li) or Nal detectors on request of:
- Health Physics department: 30 %
- Radiobiology Department: 37 %
- Miscellaneous : 26 %
- External industries: 7 %

Activation analysis methods have been applied on 248 samples, for assessment of Ti, V and Mg in bone tissues (transfer of metals
from prothesis) and Br, Cl, I, As, Na or K in industrial samples.

9.6.2.2.2. Thermolumincscent measurements
(L. Ghoos*)

• CORAPRO

No major changes have been introduced into the measuring system.

At 81 locations, environmental dosemeters arc placed on a trimestrial and on a yearly exchange period :

10 around the nuclear power station at Docl;
13 around the nuclear power station at Tihangc;
16 along the Nect river;
16 around the nuclear waste disposal area at S.C.K./C.E.N.
(8 during the first nine months);
26 in and around the S.C.K./C.E.N. site.

At some other 35 places scattered over the Belgian territory, dosemeters were placed on a yearly exchange period. The results
confirm those obtained during previous measuring period : they range between 1.05 .tiGy and 0.38 mGy a year.

9.6.2.2.3. Radiochemical measurements
(R. Boulcnger*, J. Dulcino, C. Hurtgen, G. Koch, J. Luysterborg, F. Vcrhooen, J. Vynckier)

• CORAI'RO

Radioactive fall-out

As in previous years, airborne dust and rainwater were sampled daily on the S.C.K./C.E.N. site at Mol and at Koksijde.The total a
and ß activities were measured after a five-day delay. In addition, the 90Sr activity was measured for both dust and rainwater
samples collected over one month. The activity level in all samples was low.

9-16



4.3
1.7
1.0

13.3
6.8
2.6

1.125
0.475
0.080
0.885
0.535
0.105

3.0
1.3
0.4
0.2
0.7
1.9

0.950
0.410
0.025
0.050
0.024
0.055

For the dust samples, the mean monthly a activities varied between 2.85 and 0.10 fCi.m'3.

For the rainwater samples, the mean monthly a activities varied between 0.20 and 0.96 pCi.l"1. The mean monthly ß activities lie
between 10 and 20 pCi.l"1 and the monthly 90Sr activities between 0.05 and 1.7 pCi.l*1.

These values are very similar to those measured during 1981 and the activity levels at Mol were not significantly different from those
observed in other places in Belgium.

The results were made available to the Health Physics Department for further anaylysis.

Alimentary chain

90Sr and l:!7Cs activities were measured in food samples taken from all over Belgium by the I.H.E. The range 90Sr contamination
values found are given in Table 9.8. The results were made available to the Radiobiology Department for further analysis.

TABLE 9.8.
Limits o/9USr contamination of the alimentary chain in 1982

Maximum values Minimum values
Type of food (pCi.r1 or kg'1) (pCi.g"1 Ca) (pCi.r1 or kg"1) (pCi.g'1 Ca)

Milk
Eggs
Meat
Vegetables
Fruits
Potatoes

Biological cycle

340 measurements were carried out on organic samples (mainly vegetables) originating from different sites. The results were made
available to the Radiobiology Department for further analysis. Tritium has been measured in various organic samples, after
combustion and collection of the resulting tritiatcd water.

Site survey

500 samples (a + ß = 250) of surface water from the S.C.K../C.E.N. site were checked for tritium. The results were made available to
the Health Physics Department for further analysis.

Mol Neet basin

225 samples were checked for global u and ß activity, 3H, 90Sr, 226Ra. The results were made available to the Health Physics
Department for further analysis.

9.6.2.3. Other radiation measurements

9.6.2.3.1. Thermolumincsccnt measurements
(L. Ghoos*, C. Van Bosstraeten*)

•CORAPRO

Criticality dosemeters.

A method was developed to determine higher neutron doses by resistance measurements on Makrofol foils.
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Reactor measurements

In co-operation with the Reactor Physics Department, further tests were performed with LiF and Al2O3 pellets.

High-dose measurements

Doses of around 103 Gy are regularly measured by A12O3 pellets to evaluate radiation damage of structural equipment.

9.6.2.3.2. Radiochemical measurements

(C. Hurtgen, G. Koch, J . Luystcrborg, F. Vcrhoocn, J. Vynckier)

BR2 and BR3 reactors and associated facilities

Weekly and monthly samples of BR3 and BR2 water, respectively, were checked for global a activity, Pu and tritium activity.

Waste disposal plant

Weekly samples of effluents were checked for Pu, U, Am, 90Sr, 3H and global a %0 and ß activity. Four samples were daily checked
for tritium activity.
Monthly, samples were checked before treatment for Pu, U, Am, 9(1Sr and 3H activity.
Sewers

A total of 1015 global a and ß activity measurements and 233 3H and 92 14C measurements were carried out for routine control of
the sewers of S.C.K./C.E.N.

Special measurements of222Rn

Drums containing 226Ra waste from Metallurgie Hobokcn-Ovcrpclt were checked for possible 222Rn leaks. Special collectors and
detectors for 222Rn are fully operational. A total number of 294 drums was measured.

9.6.3. OTHER ACTIVITIES

9.6.3.1. Radinnuclide metrology
(C. Ballaux*)

• CORAPRO

9.6.3.1.1. Standards issued

A total of 92 radioactive sources, with appropriate physical characteristics, were distributed to the CREN-Kinshasa (Zaire) (8),
FBFC (1), Nuclear Power Plant Doel (17), BR2 (1), BR3 (10), Waste (5), Nuclear Spcctrometry (46), Low level Measurements (1)
and Neutron Physics (3).

The radionuclides involved were: 22Na, 51Cr, 54Mn, 56Co, 58Co, 60Co, 85Sr, 90Sr, "Tc, I311,133Ba, 134Cs, 137Cs, 152Eu,204Tl,235U,
239Pu and 241Am.

9.6.3.1.2. Participation in international comparisons

S.C.K./C.E.N. was involved in the following intcrcomparisons :
- comparison of the radioactivity of46Sc in titanium foils, irradiated with a 252Cf source at the NBS (report in preparation);
- second preliminary comparison of activity measurements of a solution of 133Ba (sec report B1PM-82/6);
- international comparison of activity measurements of a solution of 137Cs (see report BIPM-82/14).

9.6.3.1.3. Other activities

- Concerning the 4 n (PC)-y efficiency tracing and extrapolation technique, the ß-spectra of l34Cs and 137Cs have been calculated to
interpret the efficiency function. A ß-detection probability function has been deduced.
- Preliminary experiments were carried out in order to standardize 109Cd for the 88.0 keV Y-cmission rate (109Agm) by means of 4 n y
Nal(Tl) counting. Measuring above 39 keV, the corrections have been calculated for our detector according to the method,
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proposed by the NBS (escape from the well, photoelectric absorption by the well liner, photoelectric absorption in the crystal with
photoclectrons escaping into the well liner and Compton backscattcring from the scintillator into the liner). It is planned to irradiate
enriched (95 %) losPd with reactor neutrons, to standardize 109Pd by 4 it ß counting and/or 4 n ß-y efficiency tracing and
extrapolation with 19SAu as tracer and to measure samples in the 4 ny system in order to check the results, obtained with the above
described tcchiquc.
- Participation in 1CRM actions :
- survey of amplifiers used in proportional counting;
- stability of semiconductor detectors.

9.6.4. SUPPORT FOR INSTRUMENTATION AND DATA HANDLING

9.6.4.1. Health physics instrumentation
(M. Loos, M. Lamproye)

- Testing of new dust and radiation monitors for the LI IM A is going on. In order to do the functional testing of incorporated current
amplifiers, a current source is developed for the range 10'12 to 10'5 A.
- The radiation control instrumentation at the "Venus" reactor has been partially renewed.
- A temperature measurement unit was built into a stack gas velocity measuring instrument.
- A new proportional alarm device was developed for a tritium monitor. The frequency of the alarm is proportional to the -Ml
concentration in the laboratory between low and high alarm.

9.6.4.2. Nuclear spectrometry

Application software
(J.P. Culot*)

•CORAPRO

The routine programme used for the least-square analysis of Nal(Tl) spectra, as well as the BASIC compilator were modified
following the increase of the memory (up to 40 K) for the computer located in the Medical Building. In the routine programme, some
place has been found in order to include new subroutines for background subtraction, total body calculations as well as all the
software needed for the link with the IBM computer (simulation of IBM 2780 or 3780 terminal). The Basic compilator was adapted
to nuclear spectroscopy calculations by adding subroutines, in order to use the floppy disks (storage and retrieval of programmes,
retrieval of spectra), the X-Y plotter as well as the new DRE fast printer (Model 8820).

Monte Carlo calculations arc still in progress. The actual programme has been successfully used for the determination of the
detection efficiency of a 12" Nal(Tl) crystal, which was utilized for the measurement of radioactive impurities in metallic disks.

Some effort has been devoted to the computerization of administrative tasks (routine measurement reports, regular progress
reports, etc.). The primary goal is to provide a data processing tool, which ideally allows routine measurements to be recorded,
mathematically analysed, graphically presented, transferred to publishablc manuscript or printed form and archived for future
reference with a minimal need for manual transcription. This flexible tool includes application software package such as DMS
(display management system), GDDM (graphic data display management) and QBE (Query by example Data base) as well as
several user-defined programmes.

Electronics and hardware
(L. Gcerings)

A modular 2000 channels analyser was purchased. This analyser was modified and an interface was developed to connect it with a
6502 based micro-processor. This configuration will create possibilities for measurement and treatment of y-spectrometry on-sitc.
Later on, a CBM 8032 processor and a CBM 8050 dual floppy disk will be connected with the analyser.

Data register cards for two Didac 4000 channels analysers were developed. Six of these caids were installed in one analyser and
tested.

A complete measurement system for whole-body and thyroid counting was installed and tested on behalf of CREN-K (Zaire). Three
pre-amplificrs and one dual dicriminator were developed to support this system.

A large amount of routine servicing and repair work on electronic modules, analysers and detectors has been carried out.
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Efficiency and spectrum fitting
(J. Colard, B. Yagoubi*)

• Centre des Sciences et de la Technologic Nuclcairc, Algcr

From a survey of the empirical functions proposed in literature for the efficiency curve of Gc detectors in function of energy, it
appears that experimental efficiencies between 30 keV to 10 MeV may be fitted by the function :
R(E) = (AE'e%0 + BE'e%0). (l-e"VE)-%0. C*
where A,B,a,Y,5 and e arc 7 parameters which can be fitted by non-linear least-squares analysis. The first term represents the
quasilinear curve in log-log scale between 200 keV and 3 MeV; the second term is related to the low energy region where absorption
in the detector dead-layer, cryostat caps or in the sample itself is predominant and the last term describes the deformation of the
curve above 3 MeV and is not necessarily below this energy (see Fig. 9.I.).
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Fig. 9.1a. Efficiency vs energy curve for a coaxial Ge(Li) detector, measured with radioactive solutions of 2.71 volume. The curve is fitted
between 30 keV and 3 MeV by a six parameters empirical function.
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Fig. 9. lb. Efficiency vs energy curve measured between 60 keVand 10 MeV with radioactive sources (1 ml volume) and with neutron capture
y-rays. This curve is fitted by a seven parameters function.
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All the functions found in the literature are only valid in restricted energy regions and may lead to large errors if applied without care
outside the convenient limits.

Non-linear least-squares fitting has also been applied to a spectrometry. For each a emitter, the spectrum is fitted by a sum of
several Gaussian peaks with two additional terms - tailing and skewing factors - to take into account the deformation on the low
energy side of the peak.

9.6.4.3. Low-level measurements
(F. Verhoeven)

The centralized system has been replaced by an "eight-ways" modified counter.

A "two-ways" counter was designed and built in order to replace the old sealers with SODECO mechanical counters.

9.7. WASTE TREATMENT
(N. Van de Voorde, J. Clacs, G. Dumont, H. Spriet, A. Taeymans, D. Hcnnarl, R. Anderlin, W. Ballcux, L. Kricckemans,
C. Francois, M. Fevery, G. Geenen, K. Peelers, J. Gijbels).

The most important assignments fulfilled by the S.C.K./C.E.N. Radioactive Waste Disposal Department are: collection, transport,
processing, interim and ultimate storage of radioactive wastes. In addition, the department is entrusted with the routine as well as
the emergency decontamination of nuclear facilities, laboratories, equipment and work clothing, both inside and outside
S.CK./C.E.N.

The Department also operates the S.C.K./C.E.N. drinking and dcmincralizcd water production plant.

9.7.1. RADIOACTIVE LIQUID WASTE TREATMENT

- 78,468 m3 of suspect waste (< 10'5 Ci/m3) were decontaminated by chemical flocculation prior to disposal into the Neet river,
yielding 346 m3 of sludge containing 7469 kg of dry matter. Thickening and filtration reduced the volume by an additional factor of
6.9, the global volume reduction factor being 1576.

- 83,184 m3 of class 1 low-level waste (from 10'5 to 10'2Ci/m3)\vcre treated in the same way, yielding 963 m3 of sludge containing
17,328 kg of dry matter. Thickening and filtration reduced the volume by an additional factor of 8.3, the global volume reduction
factor being 720.

- 13,114 m3 of class 2 low-level waste (from 10'2 to 1 Ci/m3), essentially from the BR2 and BR3 reactors, were prctrcatcd by
appropriate chemical precipitations, prior to their classical treatment with class 1 low-level waste.

-1.8 m3 of medium-level waste containing 2781 Ci of beta-gamma emitting nuclides from isotopes production were received and put
in decay storage prior to treatment. 0.4 m3 of such liquid containing 52.15 Ci was treated after decay by dilution in class 2 low-level
waste and chemical precipitation. 0.3 m3 containing 99 Ci was transferred to storage tanks on the Eurochemic site. 1.5 m3 containing
3,400 Ci was transferred to a SAFRAP storage tank. 2,278 m3 containing 3,567 Ci remain in the decay storage tanks on 31st
December 1982.

- 243 m3 of thickened sludge from water treatment operations, containing 36,395 kg of dry matter, 90.9 Ci ß-y and 3.57 Ci a, were
insolubilized with bitumen (volume reduction factor 3.03) in 730 concrete lined 220 1 drums. The global specific activity of the
conditioned sludge was 12.2 mCi/t for alpha-emitting nuclidcs and 311 mCi/t for beta-gamma emitting nuclidcs.

9.7.2. DISPOSAL BY DILUTION IN THE NEET RIVER

224,899 m3 water from the operation of the drinking and dcmineralized water plant, the cooling of various installations at
Eurochemic and the decontamination of suspect and low-level liquid waste, were released into the Neet river after due monitoring.
The total weighed radioactivity released amounted to 13,567 mCi, representing 27.8 % of the total release permitted.
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TABLE 9.9.
Statistics for liquid waste treatment

1981 1982

Suspect liquid waste
- total volume delivered (in3)
- dry sludge production (kg)
- average radioactivity (uCi/ml)

a
ß - Y
9 0Sr
3H

99,660
7,973

51 x 10"9

740 x 10"9

34.4 x 10-9

39.7.x 10-6

78,468
7,469

40 x 10'9

1 x I0"6

87 x 10"9

68 x 10"6

Class 1 low-level waste
- total volume delivered (m3)
- dry sludge production (kg)
- average radioactivity (uCi/ml)

a
ß - Y
9»Sr
3 H
131]

80,160
20,641

44.5 x 10-(>

809 x 10"6

36.5 x 10"6

5.4 x 10"6

83,184
17,328

19.4 x 10"6

995 x 10"6

64.07 x 10'6

6.75 x 10"3

Average decontamination
(% initial activity removed)

a

ß-Y
90Sr

99.59
93.82
95.53

98.6
92.1
89.2

9.7.3. RADIOACTIVE SOLID WASTE TREATMENT

9.7.3.1. Incineration of low-level combustible heta-gamma waste

-1947 m3 of combustible trash containing 35 Ci of beta-gamma emitting nuclidcs, 1.27 kg of uranium and 27Ci3H, 10.6 m3 of dead
animals containing 67 mCi of beta-gamma emitting nuclidcs and 13 nCi of 3H and 31.4 m3 of combustible H EPA filters containing 1
Ci of beta-gamma emitting nuclidcs were stored prior to treatment.

- The Evence-Coppec furnace was operated for 3696 hours and incinerated 1619 m3 of combustible trash containing 21 Ci of beta-
gamma emitting nuclidcs, 0.827 kg of uranium and 2.22 Ci 3H; 10.9 m3 of dead animals containing 67 mCi of beta-gamma emitting
nuclides and 13 nCi of 3H and 22.5 m3 of combustible H EPA filters containing 0.34 Ci of beta-gamma emitting nuclidcs. Incineration
yielded 40 m3 of ashes (volume reduction factor 41.3) which have been encapsulated in bitumen in 182 drums of 220 1.

- The FLK-60 furnace worked 1111 hours and incinerated 90.6 in3 of mixed trash and 10 m3 of liquid combustible waste, yielding
about 15 m3 of granules (volume reduction factor about 15) collected in 75 drums of 220 I, which have been stored prior to final
conditioning.

9.7.3.2. Treatment of low-level non-combustriblc beta-gamma waste and of alpha-waste

-160 m3 of combustible trash containing 11.8 Ci of beta-gamma emitting nuclidcs and 77 mCi 3II were compacted and baled in the
alpha-hall.

- 295 m3 of compressible trash (containing 9.45 Ci of beta-gamma emitting nuclides, 26.5 kg of depleted uranium, 30.4 kg of natural
uranium, 0.145 kg of enriched uranium, 0.460 kg of plutonium and 350 Ci3H), 123 m3 of ventilation filters (containing 563 mCi of
beta-gamma emitting nuclides and 128 g of enriched uranium), 713 m3 of non-compressible trash (containing 20.4 Ci beta-gamma
emitting nuclides, 960 kg of depicted uranium, 20 g of enriched uranium, 30 mg of radium and 1.5 Ci 3H), 65.8 m3 of alpha-
contaminated glove-boxes and other items to be dismantled and 2.60 m3 of radioactive sources (containing 6.69 Ci of beta-gamma
emitting nuclidcs, 644 mCi of alpha-emitting nuclidcs and 211 Ci of 3H) have been stored prior to treatment in the alpha-hall.
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TABLE 9.10.
Operational statistics of the solid waste treatment plant

Volume delivered Volume processed Stock
(m3) (m3) (m3)

1981 1982 1981 1982 end 1981 end 1982

- Combustible waste
- Compressible waste
- Incompressible/incombustible waste
- Medium-level solid waste

1,675
377
404

13

1,989
418
781
8.6

1,750
402
352

1

1,892
291
224

0

621
101
728

170(*)

708
228

1,284
179

(*) Corrected value

-199 m3 of compressible trash (containing 6.24 Ci of beta-gamma emitting nuclidcs, 3.01 kg of depleted uranium,44.1 kg of natural
uranium, 0.206 kg of enriched uranium, 0.353 kg of plutonium and 188 Ci 3H)and 92.4 m3 of ventilation filters (containing 1.12 Ci of
beta-gamma emitting nuclidcs and 128 g of enriched uranium) were compacted and baled in the alpha-hall.

-146 m3 of incompressible trash including 10.3 m3 of contaminated sand (containing 6.98 Ci of beta-gamma emitting nuclidcs, 20 g
of enriched uranium and 7.92 mg of radium) have been insolubilized with concrete in the alpha-hall. 305 in3 of mixed trash
(containing 6.59 Ci of beta-gamma emitting nuclidcs) have been sorted out in the beta-gamma hall.

- 77.5 m3 of glove boxes, ventilation ducts and similar items (containing 0.451 Ci of beta-gamma emitting nuclidcs and 0.102 mCi of
alpha-emitting nuclidcs) have been dismantled in the alpha-hall.

- 0.582 m3 of radioactive sources (containing 3.59 Ci of beta-gamma emitting nuclidcs, 400 mCi of alpha-emitting nuclidcs and 211
Ci of 3H) have been insolubilized in the alpha-hall.

- 8.4 m3 of waste (containing 1 Ci of226Ra and traces of actinium and thorium) have been received. 121 m3 of waste (containing 1.78
Ci of the same isotopes) have been insolubilized in concrete in the low-level radium area.

9.7.3.3. Decay storage of medium-let cl solid waste

- 9.66 m3 of medium-level waste (containing 66,325 Ci of beta-gamma emitting nuclidcs, 79.5 g of plutonium, 1.66 kg of enriched
uranium and 1.48 kg of natural uranium) were received and placed in concrete containers for decay storage.

9.7.3.4. Storage of conditioned waste

- 671 m3 of waste conditioned in 400 1 drums and concrete blocks by nuclear power plant operators have been stored prior to
disposal.

-414 m3 of waste from the dismantling of the Olcn radium plant have been insolubilized in concrete in 10364001 drums which have
been stored in Mol prior to disposal.

- The radioactivity stored on the interim storage field for conditioned waste at 31 st December 1982 amounted to 11.4 Ci alpha, 270.5
Ci beta-gamma and 4.7 Ci 226Ra.

TABLE 9.11.
Inventory of medium-level waste on 31st December 1982

Activity Special nuclear material and fertile material

314,243 Ci ß-y Plutonium : 1357.8 g
169.6 Ci a Enriched uranium : 2.396 kg
104.5 Ci 226Ra Natural uranium : 46.8 kg

Depleted uranium : 1.4 kg
Thorium : 1.16 kg
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TABLE 9.12.
Belgian cargo for the 1982 NEA sea dumping of radioactive waste

Waste Package Volume Weight Global specific activity (10"3Ci/t)
conditioned at number (m3) (t)

226Ra a P - Y 3H

S.C.K./C.E.N.
Doel power station
Tihange power station
Olen radium plant

3,785
645
369

1,508

1,025
290
554
604

1,773
703

1,303
1,321

0.355
0
0

46.5

51.0
0
0
0

no335
4,600

0

50.5
0
0
0

TOTAL 6,307 2,473 5,100 12.2 17.7 1,260 17.5

% of IAEA maximum release rate 12.2 1.77 1.26 1.75xlO"6

9.7.3.5. Sea dumping of conditioned waste

6,307 containers with a total volume of 2,473 m3 and a total weight of 5,100 metric tons, containing low-level radioactive waste
encapsulated and insolubilized in concrete or bitumen, have been loaded in 227 large transport containers, transported by railroad
to the harbour of Zeebrugge, loaded on board of two Dutch ships and dumped in the Northeastern Atlantic Ocean in the NEA
dumping site, where the depth is about 4500 m. The whole operation was carried out without any technical or radiological incident
and in conformity with all existing regulations.

9.7.4. MISCELLANEOUS

9.7.4.1. Water production and supply

The water purification plant treated and supplied 279,419 m3 of drinking water (251,055 m3 in 1981) and 381,101 m3 of
demineralized water (465,073 m3 in 1981).

9.7.4.2. Decontamination - intervention

Decontamination and intervention teams carried out the routine cleaning of warm and hot laboratories, reactor facilities and
equipment, as well as special dismantling operations of contaminated facilities, inside or outside S.C.K./C.E.N. A total of 24,708
hours was devoted to this type of operations.

9.7.4.3. Laundry

Laundry decontamination teams treated 31,624 kg (28,928 kg in 1981), monitored 20,938 kg (19,100 kg in 1981) and ironed 10,093
kg (9,904 kg in 1981) of work clothing.

9.8. TECHNICAL DIVISION

9.8.1. TECHNICAL SERVICES
(J. Van der Auwera)

9.8.1.1. Mechanical services
(E. Collignon, P. De Meyer, P. Verjans)

During 1982, this service treated 2006 work orders, divided as follows :
- design and drawing office 76
(including the manufacturing by outside firms)
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- main workshop 728
- assembly and maintenance 683
- specialized workshop 519

The main jobs were :

- for BR1: the manufacturing of twenty tubes of VENUS PWR Benchmark thimbles and welding tests for the manufacturing of solar
panels;
- for BR2: the manufacturing of control rods, safety tubes, a sample holder for neutron radiography examination of the experiment
PAHR 200, parts of a heat counter, the assembling of a mobile absorber and the installation of a platform for y scanning in the hot
cell and a gas piping around the channel;
- for the hydrogen project: the construction of two degassing units for the ELPH circuit;
- for the Chemistry department : adaptation works at the prototype fuel pin chopper, a glas furnace and components for the
PAMELA project, the equipment of the tritium pilot installation in the ventilation hall of the BR1 reactor and a mobile laboratory
for measuring campaigns of air pollution in industrial areas;
- for LHM A (LM A extension): the manufacturing of filling plugs for the doors of the metallurgical cells and the study and design of a
lifting system for the reprocessing cell C2 of the HERMES facility;
- for the WASTE department: the construction of two security valves for mixing vessels, a feeding device and parts for the Evcncc
Coppec incinerator, a lead protection for liquid radioactive waste containers and the modification of valves to obtain a better
tightness;
- for the underground laboratory (HADES project): the manufacturing of a measuring tube for material examination on clay, 16
collectors and IS metallic covers;
- for the pollution project : the construction and installation of a measuring platform for the Brasschaat household refuse
incinerator;
- for the Radiobiology department: the study and design of an elevator for the extension of the Bio Animals 2 laboratory, a hoisting
device with 1 ton capacity for the stable and the repair of the industrial dish washing machine;
- for the Metallurgy department: the manufacturing of samples and special devices for fatigue tests and the assembling of a high-
pressure and high-temperature installation for corrosion studies.

9.8.1.2. Electrical senice
(H. Beckx)

In 1982, the service received 230 work orders and carried out the normal interventions and repairs of electrical and telephone
installations. The most important jobs were the electric installation of a new compressor installation of the Waste department and
the renewal of the electric installation of the North wing of the Medical building.

9.8.1.3. Civil engineering und maintenance
(J. Schoofs)

In 1982, the service treated 584 work orders and carried out the normal interventions for maintenance and repair.

The most important jobs were :
- the supervision of the extension works of the Bio Animals 2 laboratory;
- the installation of two storage sheds for the temporary storage of low radioactive waste containers;
- the adaptation of a chemical laboratory for measurements of toxic hydrocarbons in the off-gases from incinerators for household
refuse;
- the installation of a second cooling room near the Radiobiology animals building;
- the extension of a Waste building for the installation of a new air compressor with its accessories and the installation of a shed for
12 persons.

The following important maintenance works have been carried out:
- the painting of two sheds for the Technology department;
- the ordering of the repair of the roof of the main workshop;
- the renewal of the asphalt layer of the bridge over the Schelde-Maas channel;
- the repair of the roofs of the BR2 cooling towers and the BR2 hall;
- the painting of the metallic structures and pipes of the water tower and the renewal of the thermal insulation;
- the repair and the painting of the woodwork of the villas and family appartments of the Residential Quarters.

3>.8.1.4. Ventilation and central heating
(E. Neeskens, \V. Swinncn)

In 1982, the service received 81 work orders.
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The main jobs were :
- the heating and ventilation systems of the guard-rooms of BR2 and the plutonium laboratories;
- the air conditioning of laboratory 36 of the Physics building;
- the renewal of the ventilation circuits of some laboratories of the Chemistry building;
- the study and ordering of the extension of the district heating system to four appartment buildings and the school building of Site 1;
- the heating and ventilation installation of the building for solar panel testing;
- the study and design of a heat recovery system on the ventilation circuit of the chemical laboratories.

9.8.1.5. Energy measurements
(H. Van den Bergh)

The energy measurement team has carried out an energy survey with a scctorial approach in the foundry works and several
supporting measurements at request of the other parts of the project on energy conservation (for more details see Chapter 7).

A control and calibration bench for electricity meters has been assembled and tested. Now it is possible to calibrate at regular
intervals the electric measuring equipment of the team and to carry out some calibration measurements at request of industry.

In December, an advertising campaign has been started in industry to promote energy measurements. The first orders have already
been carried out.

9.8.1.6. Printing Office
(H. Fredrix)

During 1982, this service treated 2223 work orders.

To be mentioned is the modern way of obtaining the photocomposition of the Annual Report 1981 (BLG 556): after treatment of the
text and tables by a word processor, the information, loaded on floppy discs, was transcoded and transcribed on magnetic computer
tapes, which were fed into a photocomposing computer.

9.8.2. ELECTRONICS AND INSTRUMENTATION
(L. Binard, E. Musyck)

9.8.2.1. Studies
(L. Binard, E. Musyck, G. Cocquyt, J. Lauwcrs, R. Colson, R. De Clerck, J. Roge, F. Geyzen, B. Coupe)

- For the IAEA, a simple digital sealer/timer EL5E1 has been built for educational purposes. This design served also as a basis for
the development of a new portable battery-operated sealer/timer EL5P1.
- The 8-Channel sealer/tinw EL17T4 has been modified in order to allow the integration of the linear electronics (e.g. HV supply
and amplifiers) within the same enclosure.
- A study has been carried out to search a simplified formulation for the public cryptographic key with respect to the RSA Standard.
- After a prolonged test run, the new ß, y hand and foot monitor type EL 12R4 and EL 12R5 has been modified in order to simplify the
use of the equipement.
- A microcomputer interface has been built to interface a VEMI (ACW) type of sealer/timer with a small 'thermal printer for
automatic sample changer measurements.
- Promising results have been obtained from an exploratory research programme to detect radioactivity in the air, as fast and as
accurate as possible, even with a high background of natural radioactivity.

9.8.2.2. Quality Control
(S. Vandevijvere, D. Van Bcckhovcn)

- Reliability tests were made on 35 instruments or prototypes built by S.C.K./C.E.N. and commissioning of 45 industrial pieces of
equipement delivered by external companies was carried out.
- A macro library for the COP 400 was written for use with the MAC assembler of Digital Research under CP/M.
- Hardware and software support was given to the Plutonium Laboratories for use of the EURATOM Variable Dead Time Counter
VDC with the CBM Commodore, upgraded with VIC-2 extension board.
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9.8.2.3. General Instrumentation
(H. Van Trappen, G. De Wilde)

75 tasks were carried out. The most important developemcnts are the following :
- The electronic command of the guard house of BR2.
- A circuit to measure temperature differences of a few degrees for the solar energy control.
- Construction of an apparatus to control the heating and speed of 8 chemical mixers in glove-boxes.
- Construction of 8 alarm circuits for the Honeywell temperature controllers CL50.
- Construction of a valve timer for the programming and control of electrovalves for the Waste departement.
- As a result of the commercial succes of the VIC-2 extension board for CBM-type microcomputers, the fabrication of a new scries of
200 cards has been started.
- On initiative of Belgatom and in collaboration with the departement BR2, the service "Electronics and Instrumentation"
participates in the renewal of the instrumentation of a foreign reactor. The basic design phase has been ended.

9.9. TECHNOLOGICAL SUPPORT

9.9.1. HIGH-TEMPERATURE BRAZING
(J. Parent)

In the high-temperature brazing process, it is necessary to carefully verify the temperatures at the strategic points and to manage to
keep them closely together, chiefly when the operation concerns a two-levels bracing passage of small tubes with thin walls,
presenting a high erosion risk by the high-temperature brazing alloy. In order to reach this purpose, several simultaneous
measurements are required and it must also be possible to correct a non-uniform heating. For the latter, often a displacement of the
heating coil is necessary. A device allowing to easily move the coil is now used and it is planned to install a multichannel recorder to
monitor simultaneously the temperature during the process.

For very long experimental devices, some difficulties may occur when the vacuum becomes unsufficicnt at the brazing level, at the
time of the gas release; the vacuum measurement cell, which is located at another place, may then give too optimistic information.
Pieces may become oxidized and the brazing may fail. Tests with measurements of the vacuum at both places when operating on
long experimental devices, show that two-decades difference may occur in such circumstances. A modification of the installation is
under consideration to eliminate this drawback.

The brazing technique has been mainly used on instrumentation penetration of experimental devices for the BR2 reactor.

9.9.2. H4 WATER LOOP
(J. Parent)

The H4 water loop has been further used for the classical programme of critical heat flux measurements in stagnant water annuli
and for the determination of the hydraulic characteristics of experimental devices (e.g. MOL 7C/4-5).

With the Fourier Analyser System, the study of vibration in the ball bearings of the three motor-pumps sets of the water loop was
continued.

9.9.3. FAST FOURIER ANALYSER SYSTEM
(J. Parent)

Similar to the tendency noticed during previous years, the Fast Fourier Analyser System and its complementary equipment have a
full-time occupation: they constitute a very powerful, reliable and almost indispensable implement for solving all kinds of problems:

- vibration tests on the components of a complex SNR seismic model;
- vibration tests on a complete PWR assembly;
- correlation measurements between weak signals, especially for the flow determination in a sodium circuit with a two probe
fiowmeter;

9-27



- study of vibrations in the ball-bearings of rotating machines to explain (case of the motor-pump sets of the H4 water loop) the cause
of their early wear and tear;
- study of attenuation and distortion of electric signals through instrumentation apparatus;
- analyse of noise thermometer signals.

9.9.4. LASER WELDING
(M. Decreton, J. Leuncn)

A special positioner and turntable assembly is developed as a first step towards automatic welding on the laser welding machine.

Besides many supporting works in the assembly of irradiation rigs, the laser machine was used for the welding of several thin walled
dosimetry capsules as well as different pieces for an outside industrial company.

9.9.5. REAL TIME ACQUISITION
(M. Decreton)

The computer controlled real time data acquisition and processing network, located at the Technology and Energy Department,
has been further developed.
The system services the following operations :
- real time data acquisition from specific experiments in-pile and out-of-pile;
- processing the data, both numerically and graphically with regular issues of synthesis reports.

In order to meet the great diversity of experimental conditions, a network has been implemented with full communication
capabilities between each of the different specialized nodes. The elements of the network are :
- main processor, located at the Department of Technology and Energy, for the data processing of out-of-pile experiments (ELPH
hydrogen loop, Na3 sodium loop, etc.); it also serves as supervisory unit for the network and to perform the great majority of
graphical processing, report preparation, etc.;
- satellite processor, located in the BR2 building, to monitor specific in-pile tests (CEB, ART, MOL 20, TRIBULATION, etc.);
- medium speed system, dedicated to a particular experiment for continuous acquisition and storage of data at a rate of 3000
measurements per second; it has mainly been used for the MOL 18 campaign;
- high-speed node which allows a faster acquisition rate (50,000 measurements per second) with simultaneous storage on disc and
availability of data for further processing. It has been recently put into operation for the PAHR experiments.

A link has also been established with the IBM main computer and work is now in progress on simultaneous operation of real-time
acquisition systems and codes using on-line measured data.

Particular effort has been put on graphics software for easy graphical outputs of measured data, as well as for on-line graphical
representation of an experimental situation.

Work has been started on future integration of the network by connecting existing smaller units such as

- the data logger on the Li-2 lithium loop;
- the data logger on the VIC in-pile loop;
- the Fourier Analyser System.
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"Zonnecollector"

Patent applied for by S.C.K./C.E.N.

P. VANDEPLAS, L. K1NNAER, S. I1EUSDA1NS

Belgium (Applied for on 17.03.1982, No. 2/59631)

"Zonneterttarminpsinstallatie"

Patent applied for by S.C.K./C.E.N.

P. VANDEPLAS, L. K1NNAER

Belgium (Applied for on 17.03.1982, No. 2/59632)

"Viseur clcctromagnctiquo"

Patent applied for by S.C.K./C.E.N.

1.. BINARD

Luxemburg (Applied for on 17.06.1982, No. 84.209)

B. PATENTS GRANTED

Membraan toor cen elektrochemische ecl cn olcUrohsud met zulk memliraan"

Patent applied for by S.C.K./C.E.N.

G. SPAEPEN, J.B. VANDENBORRE, L. BAETSLE, A. BLANCHART, R. LEYSEN

Canada (Granted on 21.09.1982, No. 1.132.097)

France (Granted on 15.02.1982, No. 2.378.106)

"Wcrknijzc toor lift terrijken tan ecn isotopisch mengscl aan minslens een isolonp"

Patent applied for by S.C.K./C.E.N.

M. NEVE de MEVERGN1ES, P. FETTWEIS

USA (Granted on 02.02.1982. No. 4.313.807)

"Methode de localisation d'un harrcau fuyard d'un assemblage dc combustible nuclcairc"

Patent applied for by S.C.K./C.E.N.

L. LEENDERS

USA (Granted on 12/10.1982, No. 4.353.863)

"Wcrkttijze (er hereiding tan ccn Katalysator toor ccn isotopische iiitHisscIingskoloni cn aldus bcrcid kafaljsator"

Patent applied for by S.C.K./C.E.N.

A. BRUGGEMAN. R. LEYSEN. P. VERMEIREN, M. MONSECOUR

Belgium (Granted on 30.07.1982, No. 893.715)

"Zonnccollector"

Patent applied for by S.C.K./C.E.N.

P. VANDEPLAS, L. KINNAER, S. 1IEUSDAINS

Belgium (Granted on 15.04.1982, No. 892.528)
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"Zonneicrwarmingsinstallatie"

Patent applied for by S.C.K./C.EN.

P: VANDEPLAS, L. KINNAER

Belgium (Granted on 15.04.1982, No. 892.527)

- "Sceau elcclroniquc"

Patent applied for by S.C.K./C.E.N.

E. MUSYCK

Luxemburg (Granted on 10.05.1982, No. 82.770)

"Pcrfcctionncmcnt ä la fabrication dc machines ou elements dc machines soumises ä librations mccaniqucs"

Patent applied for by S.C.K./C.E.N. and C.R.M.

JJ. HUET, L. COI1EUR, V. LEROY, C. GASPARD

Switzerland (Granted on 29.01.1982, No. 627.789)
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Appendix 5

SEMINARS HELD AT S.C.K./C.E.N.

NUCLEAR REACTORS AND FUEL CYCLE

By S.C.K./C.E.N. personnel

- 4.2.1982

Informalievergadering over het R & l)-programma aangaandc ophcrgingsmogclijkhcdcn >an vast radiiiactier afval in geologische formatics

"Regionale hydrogeologische studies**

A. BONNE

"Organisation de la recherche et clat d'atanccmcnl du programme beige"

R. I1EREMANS

"I,a construction du lahoratoirc soutcrrain el premieres mesurcs güolcchniqucs"

P. MANFROY

"Evaluatie »an de toclaalhare thermische hclasling hij de herging van radioaktief afval in geologische rormalics"

M. PUT

"Hct gedrag van verglaasd afvri in klei"

P. VANISEGIiEM

- 8-9.6.1982

Workshop on fcrritic-martcnsilic steels as potential fusion reactor structural materials

"Oxide dispersion strengthened ferritic alloys"

J.J. 1IUET

"General survey of fcrritic-martcnsitic steels"

M. SNYKERS

"Helium to dpa aspects"

W. VANDERMEUI.EN

- 10-11.6.1982

21th Plenary Meeting of the Working Group Hot Cells and Remote Handling

"Neu hot cell facility for post-irradiation examinations"

P. BEULLENS. A. DANIELS, A.C. DEMILDT. A. GYS, J. VAN DE VELDE, C. VAN LOON, T. VAN RANSBEECK

"Mechanical testing and equipment for the pressure vessel steel surveillance"

A. DANIELS, A.C. DEMILDT, J. VAN DE VELDE, T. VAN RANSBEECK
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By guest speakers

10.9.1982
"The Canadian fusion fuel technology project"

J.W. R1CHMAN (Ontario Hydro, TORONTO - Canada)

12.10.1982

"L'ctat uctuel ct Ics perspectives de la production d'energie clcctriquc a la base dc nuclcaire en Pologne"

P. KURASZKIEW1CZ (Univcrsitc Technique de Poznan)

NUCLEAR METROLOGY

By S.C.K./C.E.N. personnel

18.2.1982
"Thcrmoluminesccnt dosimetr)"
L. GHOOS

16.6.1982
"Energie- en massakaraktcristicken »an dc fissicfragmenten \an de 24lPu(nih,f), 242Pu(s.f.) en 244Pu(s.f.)rcakties"

E. ALLAERT (R.U.Gcnt-S.C.K./C.E.N.)

14.9.1982

"The effect of polarization in u - a scattering (A ne» theory for the analysis of resonances)

E. DEUMENS (R.U.C.A.-S.C.K./C.E.N.)

By guest speakers

- 9.2.1982
"Simulation experiments for the study of radiation damage in fusion reactor materials : a Russian approach"
S.TURCHIN (Kurchatov Atomic Energy Institute, Moscow)

- 25.2.1982

"Groundnalcr dating in confined aquifers"

J. Ch. FONTES (Univcrsitc dc Paris-Slid, Orsay)

- 22.4.1982

"Nuclear Research in the G.D.R."

R. ARLT (Technische Universität Dresden)

- 25.5.1982
1 "The programs of E.N.E.A. in stable isotope separation"

M. SCURICIN1 (E.N.E.A., Rome)

- 7.7.1982

"What can the quark model tell us about nucleon-nuclcon interaction and diharjon resonances"

M. ROSINA (University of Ljubljana)

- 5.11.1982

Gcmcenschappclijkc tcrgadcring \an de Belgische Vcrcniging toor Stralingsbcschcrming en dc Ncdcrlandsc Vcrcniging toor Strulingslngienc

\

"Administratieic en technische karaktcristieken lan de Belgische reglcmcnlcring aangaande de beschcrming tegen ioniscrende stralcn"

/ R. NUYTS (Ministeric van Tewerkstclling en Arbcid, Belgie)
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"**! let (oczicht op de gezondheid tan werknemers blootgcsteld aan radioioniserende stralcn"

Prof. P. HUBLET (Ministcric van Tcwcrkstclling cn Arbeid, Bclgic)

"De rol tan de Nederlandse o\erhcid bij de uittoering tan de wetgeung ter zake *an stralinpshygiene"

Dr. H.A. SELLING (Ministcric Volksgczondhcid cn Milieuhygiene, Ncdcrland)

"Hct funktioneren tan de stralinpshygienc deskundige in relatie tot Nederlandse wctfieiing cn vergunnin^sslelsel"

Chr. HUYSKENS (Stralingsbcschcrmingsdicnst - Technische Hogcschool, Eindhoven, Nedcrland)

BIOLOGY

By S.C.K./C.E.N. personnel

13.1.1982

"Mecanisme probable de l'initialion de hi Icuccmngcncsc par le RadLV et par les radiations : premieres evidences cxpcrimcntales"

M. JANOWSK1

27.1.1982

"1,'idiotypie des anticorps"

R. UOOG11E

1(1.2.1982

"Hct gebruik tan phjtolectinncn in lymfoctetstudics"

Gh. DEKNUDT

10.3.1982

"Protcines nonhistones de la chromatinc dans les tissus normativ et canccrcuv**

L. BAUGNET-MAIIIEU

23.3.1982

"Strukturclc organisatic tan enj>odcnc cn exogene typc-C RNA tirussen tan de muis"

J. MERREGAERT

29.4.1982

"Mt'Kakaryocytcs medulhircs e( retrotirus BI„/F chez le rat"

L. de SAINT-GEORGES

26.5.1982

Meeting or EULEP CNS Vuscular Project

"Comparatite effects of X-rays in the white and the grey matter of the adult rat brain"

II. REYNERS, E. G1ANFILICI de REYNERS, J.R. MAISIN

1(1.6.1982

"iMolckulairc studies met RNA cn DNA sekwenties"

1. fiel sckttentic mclhodc I»CRC|):IS( op 5S ribosomaal RNA

2. statistische toorspcllinü over het aantal palindromcn in DNA scknenties

L D1ELS

23.6.1982

"Raccourcissemcnt dc la tic ct causes dc mort apres unc exposition externe au\ radiations ionisantcs"

J.R. MAISIN

14.10.1982

"Le clonagc 'in tito' de genes bacleriens"

M. MERGEAY
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22-24.11.1982

European Seminar of the Risk from Tritium Exposure, Mol

"The comcrsion to organic tritium in terrestrial plants"

R. KIRCHMANN

"Factors affecting uptake and distribution of tritium in the giant unicellular marine alga Acctabularia"

G. ARAPIS, S. PUISEUX-DAO, S. BONOTTO

25.11.1982

"Irradiation supralclalc et reccpteurs au\ neurotranstnettcurs"

R. TIMMERMANS

9.12.1982

"Irradiation du cencau cmbnonnaire : consequences morphotogiqucs"

II. REYNERS

By guest speakers

- 3.3.1982

"Malgnant transformation and protein phosphor} tation"

F. van ROY (R.U.Gent)

- 30.4.1982

"Nutritional modification of radiation nephritis in rats"

M.B. YATVIN (Dcpt. Human Oncology, University of Wisconsin. Madison. USA)

- 13.8.1982

"Life shortening and disease incidence in rats following neutron exposure"

II. VOGEL (University of Memphis, Tennessee, USA)

- 4.11.1982

"Interactions Ijmphocpilhelialcs dans la leuccmogencse"

J. BONIVER (Dcpt. Pathologic, Universite de Liege)

- 18.11.1982

"l.cs hybrides de cellules somatiques : expression de la transformation cellulaire et du gene de I'« - fetoprotcine"

C. SZPIRER (Laboratoirc dc Gcnctique, U.L.Bruxcllcs)

- 8.12.1982

"Informal speech about cellular and tiral oncngencs"

S. AARONSON (Laboratory of Cellular and Molecular Biology, National Cancer Institute, NII1. Bcthcsda, Maryland, USA)

NON-NUCLEAR ACTIVITIES

By guest speakers

- 1.4.1982

"Emironmcntal pollution research in the USA - Retrospcctiie and prospective oicrtie«"

Dr. AUERBACII (Dir. of Environmental Division - OAK RIDGE NATIONAL LABORATORY, USA)

- 10.9.1982

"Hydrogen-water isntopic exchange studies at Chalk Rber Nuclear Laboratories"
J.P. BUTLER (Atomic Energy or Canada Limited, Chalk River, Canada)

\

- 14.10.1982

i "Gazcification du charbnn pour Ics besoins des ccnlralcs MHD - tapeur"

P. KURASZKIEWICZ (Univcrsite Technique de Poznan)
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MISCELLANEOUS

By S.C.K./C.E.N. personnel

- 27.1.1982
"Mcrkttaardigc rcsullalcn toor dc proccskantrolc, hckomcn door tocpassing tan de .spcctrumintcgraal"
G. COCQUYT

- 16.9.1982
Scminarie "Informalika"

"Enaring met FORTRAN77"
G. COSEMANS

"Highlights of VMSP release 2"

H. DECKERS
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Appendix 6

EXTERNAL RELATIONS

As mentioned in the related chapters, many S.C.K./C.E.N. programmes or activities arc carried out 'in an international framework
or in close collaboration with external organizations.

The most important examples arc :
- R&D for sodium-cooled fast reactors in the framework of the DcRcNc-SNR project, which is part of the DcBeNc/Francc

collaboration on advanced reactor systems;
- fuel development work in collaboration with Bclgonuclcaire;
- development of dispersion-strengthened steels in collaboration with CRM-Licgc and Usincs Emile Hcnricot;
- fast reactor safety work, co-ordinated by various European working groups and in collaboration with JRC-Ispra. U.L.Bruxcllcs

and KfK-Karlsruhc;
- The GSB experiment in BR2 in collaboration with KFA-Jiilich;
- various irradiation experiments in BR3 on behalf of foreign fuel companies;
- PWR pressure vessel studies on behalf of the utilities and in collaboration with American laboratories and Cockcrill;
- contract work with the CEC and DWK on conditioning and disposal of radioactive waste;
- the Safeguards project in the framework of ESARDA;
- R&D on lithium technology and radiation damage in materials for fusion reactors which is being co-ordinated in a European

framework and partly covered by agreements between USA, Japan and the European Community;
- basic research on materials, neutron physics and radiobiology in collaboration with Belgian universities, international

organizations or foreign institutes;
- contract work on pollution and waste handling on behalf of various govcrmcntal services;
- development of fuel cells for Elcnco N.V. and of electrolysis systems for the production of hydrogen on behalf of the CEC and in

collaboration with industry;
- operation of the BR2-reactor in the framework of an agreement with KfK-Karlsruhc;
- service work for conditioning and disposal of radioactive wastes for universities, nuclear industries, utilities etc;
- various services on behalf of industry, government agencies, international organizations and foreign companies.

In addition, S.C.K./C.E.N. participates in the various working groups set up by national authorities and international organizations
such as CEC, NEA, IAEA, IEA and EAES.

Three staff members have been on an IAEA technical assistance assignment in Lesotho and Zaire. Two stafTmcmbers have given
lectures at the IAEA seminar on the maintenance ofnuclcar instruments for French speaking developing countries, held in Senegal
from November till December 1982. One staff member assisted, for a period of 3 months, the work of the Agency's Monaco
Laboratory of Marine Radioactivity.

S.C.K./C.E.N. received the study tour on waste management organized by the IAEA in June 1982; 24 scientists from developing
countries participated in this international study tour. S.C.K./C.E.N. hosted in May 1982 the 4th meeting of the EURATOM
working group on neutron radiography; in June 1982 the 21st plenary meeting of the CEC working group on hot cells and remote
handling; in October 1982 the contact meeting between the CEC and the AEC of Canada on the geological disposal of radioactive
waste; also in October 1982 the IAEA co-ordinated research programme on the role of sediments in the accumulation and transport
of radionuclides in waterways; in November 1982 the technical committee on gas analyses of the ISO (International Organisation
for Standardization, Geneva) as well as the European seminar on the risks of tritium exposure jointly organized with the CEC.

In the scope of the agreement between the USSR, the Netherlands and Belgium, Soviet delegations visited S.C.K./C.E.N., in
February and in October 1982 for discussing the construction of a test section to study the lithium behaviour for fusion reactors.

During 1982,369 students or qualified scientists (of which 86 foreign coming from 23 different countries) received further training at
S.C.K./C.E.N. 29 of them arc currently working towards their doctor's degree in Mol.

Finally, in 1982, S.C.K./C.E.N. received more than 2,000 visitors.
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Appendix 7

PERSONNEL OFFICE

S.C.K./C.E.N. PERSONNEL

The table gives a survey of personnel on 31st December 1982.
The figures between brackets represent the changes compared with 31st December, 1981

CLASS

Professional staff
Technical and administrative staff
S.C.K./C.E.N. personnel working at other centres or agencies

TOTAL

S.C.K./C.E.N.*

365(-6)
981 (-40)
11(+1)

l,357(-45)

BR2 reactor

48(-2)
166(-6)

214(-8)

• Total BR2 personnel included

PERSONNEL ADMINISTRATION

6 persons were recruited during the year.

51 persons left S.C.K./C.E.N.: 5 deaths from natural causes, 3 retirements and 37 resignations and the expiration of 6 temporary
contracts.

There were 47 internal transfers, of which 40 involved scientists or technicians and 7 administrative personnel. In 1981 these figures
were 44, 27, 17, respectively.

576 missions were organized to 24 different countries; this shows a decrease of 20 compared with 1981.
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Appendix 8

FINANCE

ACCOUNTS ON 31st DECEMBER 1982 in Belgian Francs (FB)

INCOME

A. ORDINARY INCOME

Grants

1. Financing of the institute 1,775,900,000

Operating income

2. Research 331,103,306
3. Technical support 362,404,546
4. Energy and services 86,666,269
5. Miscellaneous 44,979,090

825,153,211

B. EXTRAORDINARY INCOME

6. Subsidy for capital expenditure 277,273,881
7. Income for the construction of a

laboratory for geologic disposal of waste 6,845,636

284,119,517

C. SUPPLEMENTARY INCOME

8. Selling of uranium 36,638,985
9. Grants for deficits of previous years 252,200,000
10. Financial income -7,162,683

281,676,302

TOTAL INCOME 3,166,849,030
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EXPENDITURE

A. OPERATING EXPENDITURE
1. Personnel
2. Administration

3. Materials, energy and services
3.1. Materials and supplies
3.2. Fissile materials and fuel cycle expenditure
3.3. Energy
3.4. Work entrusted to outside firms

181,744,222
46,770,292
70,018,394

170,380,127

2,087,391,855
112,287,018

TOTAL OPERATING EXPENDITURE

468,913,035

2,668,591,908

B. CAPITAL EXPENDITURE
1. Equipment

1.1. Ordinary equipment
1.2. Particular equipment

2. Infrastructure
2.1. Ordinary infrastructure
2.2. Particular infrastructure

98,613,512
52,097,962

2,802,989
130.605.154

TOTAL CAPITAL EXPENDITURE

TOTAL EXPENDITURE A + B

284,119,517

2,952,711,425
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Appendix 9

LIST OF ABBREVIATIONS

ANS
ASL
BNFL
CBNM
CEA
CEC
CFR
CNEN
CREN
CORAPRO
DFR
DOE
DSM
DWK

EBR
ECN
ELENCO
ENI
ENS
ERM/KMS
EULEP
FFTF
FNRS
FRAM ATOME
GCFR
GSB
GWK

HEDL
HLSW
HLW
IA
IAEA
ICWB/CIPS

1EA
IIKW/IISN

ILL
IRE
IUPAP
IWG-RPS
KFA
KfK
KUL
LASL
LHMA
LMA
LMFBR
LUC
LWR

American Nuclear Society
Analytical Sodium Loop, S.C.K./C.E.N.
British Nuclear Fuels Ltd. Rislcy (United Kingdom)
Central Bureau for Nuclear Measurements, EURATOM, Geel (Belgium)
Commissariat ä l'Encrgic Atomiquc (France)
Commission of the European Communities
Commercial Fast Reactor (United Kingdom)
Comitato Nazionale per l'Encrgia Nuclcarc (Italy)
Centre Regional d'Etudes Nuclcaircs dc Kinshasa (ZaVrc)
Contrölc Radioprotcction (Belgium)
Dounrcay Fast Reactor (United Kingdom)
Department of Energy (USA)
Dc Staatsmijnen (The Netherlands)
Deutsche Gesellschaft für Wiedcraufarbcitung von Kernbrennstoffen GmbH, Hannover (Federal
Republic of Germany)
Experimental Breeder Reactor, Idaho Falls (USA)
Energie Centrum Ncdcrland (The Netherlands)
Elektrochemische Encrgieconversic N.V., Mol (Belgium)
Electro-Navalc & Industrielle, Aartsclaar (Belgium)
European Nuclear Society
Ecolc Royalc Militairc/Koninklijkc Militaire School (Belgium)
European Late Effects Project Group
Fast Flux Test Facility, Hanford (USA)
Fonds National dc la Recherche Scicntifiquc (Belgium)
Socictc Franco-Americaine de Constructions Atomiqucs (France)
Gas Cooled Fast Reactor
Gasgckühlte Schnelle Brutreaktoren
Gesellschaft zur Wiederaufarbeitung von Kernbrennstoffen mbH, Leopoldshafcn (Federal Republic of
Germany)
Hanford Engineering and Development Laboratory (USA)
High Level Solidified Waste
High Level Waste
Intcratom (Internationale Atomreaktorbau GmbH) (Federal Republic of Germany)
International Atomic Energy Agency, Vienna (Austria)
Interministcrielc Commissic voor Wetcnschapsbcleid/Commission Interministerielle pour la Politique
Scicntifique (Belgium)
International Energy Agency, Paris (France)
Intcrunivcrsitair Instituut voor Kcrnwctenschappcn/Institut Interunivcrsitairc des Sciences Nuclcaires,
Brüssel (Belgium)
Institut Laue Langevin, Grenoble (France)
Institut National des Radioelements, Flcurus (Belgium)
International Union of Pure and Applied Physics, Paris (France)
International Working Group-Reprocessing Plants Safeguards
Kcrnforschungsanlagc, Jiilich (Federal Republic of Germany)
Kernforschungszentrum, Karlsruhe GmbH (Federal Republic of Germany)
Katholickc Universiteit Leuvcn (Belgium)
Los Alamos Scientific Laboratory (USA)
Laboratory for High and Medium Activities (S.C.K./C.E.N.)
Laboratory for Medium Activities (S.C.K./C.E.N.)
Liquid Metal Fast Breeder Reactor
Limburgs Universitair Centrum, Diepenbeck (Belgium)
Light Water Reactor
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NBS
NEA
OECD
ORNL
ORR
PFR
PNS
PWR
RAPSODIE
RECYTEC
RSIC
RUCA
SEMO
SENA
SERENA
SNEAK
SNR
TNO
TUV
UCL
UKAEA
ULB
VUB

National Bureau of Standards (USA)
Nuclear Energy Agency, Paris (France)
Organisation for Economic Cooperation and Development, Paris (France)
Oak Ridge National Laboratory (USA)
Oak Ridge Research (USA)
Prototype Fast Reactor, Dounreay (United Kingdom)
Pulsed Neutron Source
Pressurized Water Reactor
Experimental Fast Reactor, Cadarachc (France)
Recyclage Technologie, Brüssel (Belgium)
Radiation Shielding Information Center, ORNL (USA)
Rijksuniversitair Centrum Antwerpen (Belgium)
Societc Bclgo-Francaise d'Encrgic Nuclcairc Mosanc
Societe d'Encrgic Nucleairc Franco-Beige des Ardennes, Chooz (France)
Socictc Europccnnc pour la Promotion des Systcmcs des rcactcurs Rapides ä Sodium (France)
Schnelle Nullcncrgie-Anordnung, KfK, Karlsruhe (Federal Republic of Germany)
Snelle Natriumgekocldc Kwcckrcactor (Sodium Cooled Fast Reactor)
Organisatie voor Toegepast Natuurwetcnschappclijk Ondcrzock (The Netherlands)
Technische Uebcrwachungs-Vcrcin, Baden-Baden (Federal Republic of Germany)
Universitc Catholiquc de Louvain (Belgium)
United Kingdom Atomic Energy Authority (United Kingdom)
Univcrsitc Libre de Bruxelles (Belgium)
Vrijc Universiteit Brüssel (Belgium)
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